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Chronicle  and  Comment 


A  Few  Important  Facts 

A  National  highway-system  will  reduce  the  cost  of  liv- 
ing and  promote  National  security. 

The  car-owner  is  his  own  "engineer,"  traffic  manager 
and  also  president  of  his  transportation  line. 

About  90  per  cent  of  the  Country's  taxes  are  paid  by 
owners  of  automobiles. 

Only  9  per  cent  of  all  the  cars  are  in  cities  of  500,000 
or  over. 

Every  day  in  every  way  our  cars  grow  better  and 
better. 

Oil-Films  in  High-Speed  Bearings 

IN  Engineering  (London)  for  March  3,  1922,  a  very 
interesting  report  of  tests  made  at  the  College  of 
Technology,  Manchester,  England,  to  determine  the 
thickness  and  resistance  of  oil-films  in  high-speed  bear- 
ings is  presented.  This  article,  which  will  be  found  on 
p.  101.  is  reprinted  in  full  because  it  presents  one  of  the 
few  successful  attempts  to  measure  the  thickness  of  oil- 
films  in  bearings,  and  because  it  verifies  certain  features 
of  the  theory  of  bearing  lubrication  not  before  subjected 
to  direct  experiment.  While  written  from  the  point  of 
view  of  steam  turbine  lubrication,  the  results  are  equally 
applicable  to  the  lubrication  of  shaft  bearings  in  general 

Service  and  Foreign  Membership 

IN  view  of  the  disproportionately  small  salaries  paid 
engineers  employed  by  the  Government  and  of  the 
fact  that  members  of  the  Society  residing  abroad 
generally  cannot  attend  meetings  of  the  Society,  the 
Constitution  of  the  Society  was  amended  some  years  ago 
to  provide  for  the  election  of  Service  Members  and  For- 
eign Members.  A  Service  Member  is  defined  as  a  person 
26  years  of  age  or  over,  engaged  exclusively  with  the 
United  States  Government;  and  a  Foreign  Member  as  a 
resident  of  countries  other  than  the  United  States,  Can- 
ada, Mexico  or  Cuba.  The  required  qualifications  for 
election  to  either  grade  are  the  same  as  those  for  full 
Member  grade.  A  full  Member  who  has  become  eligible 
for  either  the  Service  or  the  Foreign  grade  may  upon 
written  request  be  transferred  to  such  grade.  After  the 
transfer,  the  lower  annual  dues  of  the  grades  apply,  that 
is  S10,  this  being  the  amount  of  the  annual  dues  that 
Junior  members  pay.  In  turn,  the  Constitution  provides 
that  Service  and  Foreign  Members  shall  give  due  notifi- 


cation of  their  termination  of  connection  with  the  Service 
or  change  of  residence  to  territory  not  designated  as 
foreign. 

All  full  Members  of  the  Society  who  are  eligible  for 
Service  or  Foreign  grade,  and  wish  to  be  transferred  ac- 
cordingly, should  notify  the  office  of  the  Society  in  due 
course,  and  in  any  event  before  Oct.  1  next,  the  beginning 
of  the  1924  fiscal  year. 

Government  Purchasing  Specifications 

AT  the  call  of  Herbert  Hoover,  secretary  of  the  De- 
partment of  Commerce,  a  meeting  was  held  in 
l  the  City  of  Washington  last  month  to  consider 
the  matter  of  broad  cooperation  in  the  standardization 
and  improvement  of  specifications  for  use  by  national, 
state,  municipal,  county  and  institutional  purchasing  de- 
partments. Among  the  organizations  represented,  in 
addition  to  the  Society,  were  the  American  Engineering 
Standards  Committee,  American  Society  for  Testing  Ma- 
terials, the  National  Association  of  Purchasing  Agents, 
the  Hotel  Association,  the  National  Association  of  Man- 
ufacturers, the  United  States  Department  of  Commerce 
and  the  American  Electrical  Association.  It  is  the  inten- 
tion of  the  Government  to  give  particular  attention  in 
this  connection  to  those  commodities  in  which  there  is 
the  largest  volume  of  trade,  and  to  coordinate  govern- 
mental and  commercial  demands.  One  feature  of  the 
movement  is  the  publication  of  a  book  of  specifications, 
standards  and  simplifications,  many  of  which,  of  course, 
already  exist.  The  Department  of  Commerce  bureau  will 
submit  the  specifications  to  industry  for  comment. 

It  is  appreciated  that  one  of  the  most  urgent  needs 
in  connection  with  standardization  and  specification  work 
is  education  as  to  the  existence  and  the  merit  of  formu- 
lated recommendations  for  practice.  What  Secretary 
Hoover  proposes  is  to  establish  a  clearing-house  on  the 
whole  gene  -al  question  of  Government  specifications,  seek- 
ing full  cooperation  from  industry  and  the  moral  support 
of  commercial  associations,  as  well  as  the  essential  ser- 
vice of  technical  bodies.  Revision  of  Government  specifi- 
cations will  be  made  as  promptly  as  possible  when  neces- 
sary. Obviously,  industry  should  lead  largely  in  new  fun- 
damental specification  work,  and  no  movement  can  be 
forced  effectively  beyond  the  point  justified  by  the  actual 
evolutionary  results  of  widespread  engineering,  scientific 
and  commercial   effort.    Thoroughgoing  work  is  always 
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The  fact  is  that  there  is  a  wide  divergence  of  opinion, 

as  well  as  greatly  varying  information,  on  the  whole 
question  among  engineers.  The  question  is  a  very  broad 

This  is  the  reason  that   the  engineering  profession 

been    anything   but    distinctly    articulate    ill    definite 

attitude  toward  and  expression  of  opinion  on  the  matter 

of  the  laws  in  question,  through  engineering  societies  or 

affiliated  bodies.   There  is  very  little  evidence  of  injury 

to  the  public  from  poor  work  by  engineers. 

It  is  understood  that  the  scope  Of  the  law  of  the  State 
•  w  York  passed  some  time  ago.  requiring  the  regis- 
tration of  engineers,  has  been  miidi  restricted  owing  bo 
the  passage  recently  of  a  bill  stipulating  that  men  hold- 
ing positions  of  a  certain  class  with  companies  engaged 
in  interstate  commerce  shall  not   be  required  to  register. 

Capitalize  Truck  Operators  Experience 

SEVERAL  educational  institutions  have  addressed 
inquiries  to  the  Society  asking  for  recommenda- 
os  o(  authoritative  textbooks  on  commercial 
automotive  transportation.  These  institutions  are  find- 
ing a  demand  for  comprehensive  courses  for  motor- 
transport  engineers.  It  has  been  necessary  in  every 
instance  to  reply  that  no  thorough  and  scientific  treatise 
has  been  prepared,  where  the  knowledge  and  experience 
of  successful  motor-transportation  operators  may  be 
found  assembled  in  concrete  form.  This  situation  brings  to 
mind  the  importance  of  our  commercial  vehicle  engineers 
turning  their  attention  to  the  operating  end  of  the  busi- 
This  is  more  particularly  true  of  freight  than 
passenger  traffic,  for  we  find  the  two  companies  who 
pioneered  motorbus  and  taxicab  transportation  both 
firmly  established  as  operators  in  their  respective  fields. 
They  have  learned  the  lessons  of  operation  and  are  in  a 
position  to  pass  them  on  to  purchasers  of  their  equipment. 

The  construction  of  sound  operation  practice  in  the 
truck  field  has  been  left  largely  to  the  operator  to  work 
out.  Sometimes  he  has  had  the  assistance  of  the  truck 
builder's  Bales  department,  but  seldom  has  he  been  af- 
forded engineering  guidance.  Many  of  the  studies  made 
by  operators  represent  well-planned,  productive  pieces 
of  research  that  have  led  to  the  accomplishment  of 
cheaper  transportation  and  the  establishment  of  the 
motor  truck  and  the  motorbus  as  efficient  commercial 
carriers.  This  work  of  the  operator  is  responsible  as 
much  as  any  other  factor,  for  the  apparent  impetus  given 
automotive  transportation  in  the  past  year. 

The  truck   builder  and  his  engineers   must   get  closer 

to  the  operating  end  of  motor  transport.     Design  and 

operation  ar<  ely  allied  thai  this  intimate  relation 

tial  to  thi      ucc(       of  the  business.     Engineers 

must  attend  operators'  conventions;  they  must    visit   and 
ill   with  the  operators  of  large  Meets;  they  must  see 
the  effect   of  J  age  on  their  ■•  per  onal  visits 

to  large  man  ions.     Suitable  loading  and  un- 

loading devices  cannot  be  visualized   in  one's  office;  ac- 
■  1 1 not     be    .allied    to    the    ultimate    state    on 
the   drafting    board,   or   even    in   the   experimental    simp. 
on  the  spot  rive  one  a  new  vision 
and  an   incentive  to  progress.     They  enable  us  to  keep 
if   the   art    rather   than    merely   keeping   pace 
with  it.     Let  us  mix  more  personal  observation  of  truck 
operation   w'ith  our  engineering  thought.     Every  trip, 

on  will  enable  US  to  carry  home 
ome  on.-  Impression  that  will  pay  the  bill  and 

usually  it  will  be  an  idea  that  could  never  have  germi- 
nated within  our  own  four  walls.  When  we  have  the 
operator's  picture  and  hi  ence  lei  us  put   it  into 

concrete  form  where  it  ma  lilable  for  other-. 


Vol.   XIII 


July,  1923 


No.   1 


Economic  Motor-Fuel  Volatility 


By  Stephen  M.  Lee1 


Semi-Annual  Meeting  Paper 


Illustrated  with  Photographs  and  Charts 


THE  paper  is  a  progress  report  supplementing  a 
previous  report  made  by  R.  E.  Carlson  on  the  same 
subject  and  covers  further  investigations  made  by 
the  Bureau  of  Standards  to  secure  data  that  can  be 
used  as  a  basis  for  estimating  the  effect  of  a  change 
in  the  gasoline  volatility  on  the  fuel-consumption  of 
cars  now  in  service  throughout  the  United  States.  Ac- 
tual tests  began  in  August,  1922,  to  determine  the  effect 
of  four  fuels  of  different  characteristics  on  the  number 
of  car-miles  obtainable  per  gallon  of  fuel,  as  well  as 
on  the  crankcase-oil  dilution.  The  earlier  paper  dis- 
cussed tests  run  in  summer  time.  The  present  paper 
treats  those  run  under  winter  conditions.  Observa- 
tions also  were  made  on  an  engine  which  was  set-up 
and  operated  in  the  laboratory  under  test  conditions. 
Descriptions  are  given  of  the  fuels  used,  the  test- 
cars,  the  apparatus,  the  tests  and  the  test  methods. 
The  paper  also  covers  a  continuation  of  the  crankcase- 
oil-dilution  investigation,  with  appropriate  accompany- 
ing data.    The  results  are  discussed  briefly. 

THIS  paper  is  a  progress  report  of  the  fuel  in- 
vestigation now  being  conducted  by  the  Bureau 
of  Standards  in  cooperation  with  the  American 
Petroleum  Institute,  the  National  Automobile  Cham- 
ber of  Commerce  and  the  Society  of  Automotive  En- 
gineers. This  investigation  was  undertaken  to  secure 
data  to  be  used  in  estimating  the  effect  of  changes  in 
gasoline  volatility,  within  a  given  range,  upon  the  per- 
formance of  the  automobiles  now  in  service  in  this  coun- 
try. The  range  of  volatility  was  determined  by  the  spe- 
cifications of  four  test-fuels  selected  as  described  in 
previous  reports.  While  fuel  economy  was  the  phase  of 
car  performance  chiefly  considered,  flexibility  of  opera- 
tion and  crankcase  dilution  were  included  as  having  an 
important  bearing  on  the  problem. 

The  primary  reason  for  this  investigation  arises  from 
the  difficulty  of  meeting  the  rapidly  increasing  demand 
for  motor  fuel  from  the  crude-oil  production  that  has  been 
increasing  far  less  rapidly.  According  to  the  figures  given 
by  Dr.  Van  H.  Manning  in  a  paper  at  the  Second  Annual 
Meeting  of  the  American  Petroleum  Institute,  during  the 
5-year  period  from  1914  to  1919  there  was  an  increase  in 
automobile  registration  of  more  than  300  per  cent,  an 
increase  in  gasoline  production  of  over  200  per  cent  and 
an  increase  in  crude-oil  production  of  but  42  per  cemr. 
This  increased  production  of  gasoline  has  been  made 
possible  by  refining  a  greater  proportion  of  the  crude 
oil  produced,  by  the  use  of  more  efficient  oil-refinery  dis- 
tillation-equipment, by  the  addition  of  casinghead  gaso- 
line, by  the  employment  of  the  cracking  process  and  by 
including  in  the  gasoline  increasing  amounts  of  less  vola- 
tile fractions.  This  last  method  is  the  most  important 
and  in  it  lies  the  reason  for  this  investigation. 

These  less  volatile  hydrocarbons  possess  somewhat 
greater  energy  per  unit  volume  than  the  more  volatile, 
but  the  current  opinion  is  that  this  energy  is  not  so 
readily  or  efficiently  transformed  into  useful  work  in 
existing  automobile  engines  as  is  the  case  with  the  more 
volatile  distillates.  In  fact,  it  has  been  held  that  the 
economic  limit  has  been  reached;  that  a  further  increase 
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TABLE  1 — PHYSICAL  CHARACTERISTICS 

OF  THE  FOUR  TEST- 

FUELS 

Fuel 

A 

B 

C 

D 

Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

Cent. 

Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr 

Cent. 

Fahr. 

Distillation.  Initial  .... 

49.0 

120 

52.0 

126 

51.5 

125 

54.5 

130 

10  Per  Cent 

83.0 

181 

83.5 

182 

84.5 

185 

89.0 

192 

20  Per  Cent 

94.0 

201 

96.3 

205 

102.0 

216 

104.5 

221 

30  Per  Cent 

105.0 

221 

106.7 

225 

113.5 

237 

116.0 

241 

40  Per  Cent 

113.5 

237 

Lie  3 

241 

124.5 

257 

128.0 

262 

50  Per  Cent 

121.0 

250 

126.2 

259 

134.0 

275 

139.0 

282 

60  Per  Cent 

130.0 

266 

136.0 

277 

145.0 

293 

153.0 

307 

70  Per  Cent 

139.5 

284 

148.0 

298 

159.0 

318 

170.5 

338 

149.5 

302 

163.7 

327 

176.5 

351 

194.0 

381 

85  Pel  Cent 

158.0 

316 

172.0 

342 

186.0 

367 

204.0 

399 

90  Per  Cent 

171.5 

342 

185.0 

365 

201.0 

394 

218.5 

426 

192.0 

378 

203.0 

397 

218.0 

424 

233.0 

452 

206.5 

403 

214.0 

417 

229.5 

446 

244.5    472 

Average  Boiling-Point  . 

121 

250 

125 

257 

135 

275 

142 

288 

Equilibrium   Tempera- 

151 

41 

304 

163 

325 

176 

349 

192 

378 

Dew-Point,     12    to     1 

HI 

52 

31 

88 

47 

117 

67 

153 

Average     Molecular 

Weight* 

Specific  Gravitv  at  26 

Deg.Cent.(78.5  Deg. 

Fahr) 

Index  of   Refinement, 

(26  deg.  Cent.=78.5 

Deg.  Fahr.) 

Viscosity   at   26  Deg. 

Cent.      (78.5    Deg. 

Fahr.),  centipoiBea. . 


Doctor  Test 

Unsaturated    Com- 
pounds, per  cent.  .  . 
Moisture  Content 

Acidity 

Reaction  Test 


1  Jim.  S.  A.  FJ. — Assistant  mechanical  engineer,  automotive  power- 
plants  section.   Bureau  of  Standards,  City  of  Washington. 


111.5 

114.0 

119.5 

0.727 

0.733 

0.736 

1.4110 

1.4110 

1.4150 

0.527 

0.533 

0.577 

Sweet 

Sweet 

Sweet 

5.5 
None 
None 
None 

6.5 
None 
None 
None 

6.0 
None 
None 
None 

123.5 

0.740 

1.4165 

0.592 
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W 

241.6 

118 
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3t« 
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r 

1920 
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44 


171.0       212.0 
21.76      24.03 

102  114 


3.670 


3,210 
4J66 


Z 

4 

4 

17  7.-' 

100 


3.630 


15.000      10.000      15,000      12,000 


•  Ba«J  on  the  National  Chamber  of  Con  inula. 

in  gasoline  production  obtained  by  "cutting  deeper  into 
the  crude"  would  not  bring  about  a  gain  in  car  miles  per 
barrel  of  crude  oil  because  of  the  less  efficient  utilization 
of  tl  latile  fuel  by  the  average  automobile.    If. 

ibstantia]  gain  were  found  to  be  possible 
through  raising  the  end-point  of  motor  gasoline,  other 
phases  of  the  problem  deserve  consideration.  If  a  loa 
flexibility  in  engine  operation,  chiefly  in  starting  and  in 
acceleration,  and  a  higher  cost  of  maintenance  are  to 
accompanj-  this  gain  in  fuel  economy,  less  satisfaction 
will  be  derived  by  car  users  and  fewer  cars  will  be  sold. 

:'.  would  tend  to  check  the  ever-increasing 
demand  for  motor  fuel,  but  not  in  a  way  attractive  either 
to  the  car  builder  or  to  the  public. 

:mer  RoAD-Tf 

The  investigation  of  this  problem  was  undertaken  on  a 

cooperative   basis   by   the   Bureau   of  Standards    in   the 

122.   The  results  of  the  tests  conducted  during 

that  year  were  presented  at  the  1922  Annual  Meeting  of 

American  Petroleum  Institute  and  at  the  1923  Annual 

.  ng  of  the  Society.    The  work  had  consisted  chiefly 

of  road-tests  under  warm-weather  conditions,  using  four 

of  makes  that  were  estimated  to  represent  75  per 

cent  of  the  total  number  of  cars  in  use  and  four  specified 

•  of  varying  volatility.    Descriptions   of  these  cars 
and  fuels  will  be  found  in  Tables  1  and  2  and  in  Fig.  1. 
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Fig.  3 — Sum  MART  of  Summer  Tests  ON  run  Speedway  Course 
with   Cars  Y  and  '/, 

Laboratory  work  with  the  engine  of  the  car  in  most 
general  use  was  undertaken  upon  the  completion  of  the 
road-tests. 

The  results  of  the  summer  road-tests  on  the  Speedway 
course  are  summarized  in  Figs.  2  and  3.  The  conclusions 
drawn  from  these  results  are  (a)  that  under  summer 
weather  conditions  the  differences  in  fuel  consumption 
obtained  with  the  four  test-fuels  were  much  smaller  than 
the  differences  in  the  estimated  possible  production  of 
these  test-fuels  by  current  methods  as  indicated  in 
Table  S,  and  (6)  that  the  results  were  sensitive  to  small 
changes  in  carbureter  adjustment.  This  sensitiveness  is 
illustrated  by  the  fact  that,  with  a  fixed  adjustment, 
better  economy  was  obtained  with  the  less  volatile  fuels; 
whereas,  when  the  carbureters  were  adjusted  for  each 
fuel,  somewhat  better  economy  was  obtained  with  the 
more  volatile  fuels. 

The  results  of  the  road  tests  for  crankcase  dilution 
indicate  that  there  was  a  greater  rate  of  dilution  with 
the  less  volatile  fuels. 

The  Advisory  Committee  representing  the  American 
Petroleum  Institute,  the  National  Automobile  Chamber 
of  Commerce  and  the  Society  of  Automotive  Engineers, 
then  decided  t"  continue  this  cooperative  program  so  as 


TABLE    3      ESTIMATED    PRODUCTION    OP    FOUR    TEST-FUELS, 
i  OHPAEXD  wn  li   i.uaiiK  /;  i  I 
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to  compare  the  fuels  under  winter  conditions.  It  was 
the  desire  of  the  Committee  that  the  scope  of  the  program 
be  broadened  so  as  to  include  a  study  of  those  conditions 
of  operation  that  have  a  major  influence  on  economy,  di- 
lution, acceleration  and  starting. 

In  carrying  out  this  program,  an  effort  has  been  made 
first  to  obtain  data  that  would  identify  those  conditions 
under  which  differences  between  the  fuels  would  be  most 
apparent,  and  then  to  obtain  indications  of  the  relative 
magnitude  and  importance  of  such  differences.  Upon  the 
completion  of  this  survey,  it  was  planned  to  investigate 
more  thoroughly  the  factors  controlling  these  more  im- 
portant differences.  Up  to  the  time  of  this  report,  the 
conditions   under  which   differences   in  the  fuels   affc.t 
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5        4         3        2         1 
Carbureter  Setting 
Fig.   i — Summary  of  Winter  Road-Test   Results   Obtained  with 

Car  W 

economy  at  constant  speed  and  load  and  crankcase  dilu- 
tion have  been  identified.  Similar  surveys  of  the  condi- 
tions of  acceleration  and  ease  of  starting  are  now  in 
progress.  In  the  survey  herein  reported,  gaps  may  there- 
fore be  apparent,  which  it  is  hoped  can  be  filled  after 
subsequent  work. 

Winter  Road-Tests 

The  winter  road-tests  were  made  with  cars  W  and  Z 
and  with  fuels  B  and  D.  The  cars  were  driven  over 
the  Speedway  test-course  of  3.2  miles  in  the  same 
manner  as  in  the  summer  runs.  It  will  be  remembered 
that  this  procedure  involved  successive  accelerations  or 
decelerations  at  0.1-mile  intervals.  However,  these  winter 
runs  were  made  at  five  different  carbureter  settings; 
whereas  the  summer  runs  were  made  with  but  two.  A 
fuel-consumption  comparison  over  a  wide  range  of  car- 
bureter settings  was  secured  thereby.    Level-road  accel- 
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Pig     ."—Summary  of  Winter  Road-Test  Results  Obtained   with 

Car  Z 

eration  and  hill-climbing  runs  were  made  also  to  identify 
these  carbureter  settings  and  to  compare  the  available 
power  and  acceleration  when  using  these  fuels.  The  air 
temperature  during  these  runs  varied  from  — 5  to  -f-7 
deg.  cent.  (23  to  45  deg.  fahr.). 

The  results  of  these  tests  shown  in  Figs.  4  and  5  are 
erratic,  probably  due  to  the  wide  variation  in  engine  tem- 
peratures and  due  to  wind.  They  do  not  evidence  consist- 
ent and  significant  differences  in  fuel  economy  or  any 
other  phase  of  performance  as  between  the  test-fuels. 
The  apparent  differences  are  that  at  constant  speed  and 
with  very  lean  carbureter-settings  the  fuel  consumption 
with  B  fuel  is  less  than  with  D  fuel,  but  that  the  reverse 
is  true  at  carbureter  settings  for  normal  use.  This  may 
be  due  to  the  fact  that  a  leaner  mixture  is  obtained  with 


-End  View  of  the  Engine  from  Car  Z  Being  Tested  in  the 
Laboratory 
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D  than  with  B  fuel  at  a  given  carbureter-setting  because 
of  the  g  y  of  the  D  fuel.    This  may  also  be 

the  •  m  of  the  differences  in  fuel  consumption  ;tt 

fixed  carbureter-settings,  found  in  the  summer  test-runs. 
Further  consideration  will  be  given  this  phenomenon  in 
,ssion  of  the  laboratory  u 
Th-  f  the  winter  roa  ••  then  in  general 

agreement  with  those  of  the  summer  test.  For  the  fore- 
going reason  and  because  of  the  impracticability  of  mak- 
ing  .-.  relative  effects  of  the  various  operating 

cone,  len   all  the  conditions  are  varying  widely. 

:-cided  to  concentrate  time  and  effort  upon  the 
engin£^^ft:^in  the  laboratory.   The  easy  control  and  the 
■nent  of  the  temperatures,  the  speed  and 
the  loa:  Jch  a  set-up  offered  a  much  better 

opr  >ng  the  factors   that   dominate   in 

the  eftV  '■   upon  consumption,  crank 

dilution  and  the  like. 

I-ABORATOfU  " 

e  engine  set-upare  shown  »n  FiKs-  "• 
.  in  Fig.  7,  *  disc  was  mounted 


d  of  the  armature  shaft  of  the  dynamometer  bo 

•.he  inertia  load  of  the  shaft,  the  armature  ami  the 
approximately  equal  to  that  of  the  ear  /  from 

which  the  engine  was  taken. 

Ft  :  MPTI01S     rESTS     \\P    REST  lis 

.Many  trial  runs  were  made  with  the  four  tost-fuels 
under  conditions  covering  a  wide  range  of  air  tempera- 
ture, circulating-water  temperature,  mixture-ratio,  speed 
and  load.  The  runs  constituting  the  most  complete  set 
were  with  B  and  with  I>  fuel,  at  full  and  at  part  load  at 
engine  speeds  of  500  and  800  r.p.m.  and  at  full  load  only 
at  1200  r.p.m.  for  each  fuel,  respectively.  Five  carbu- 
-settings  were  used  for  each  run.  The  temperature 
of  the  outlet  jacket-water  was  maintained  constant  at  10 
deg.  cent.  (50  deg.  fahr.  |  and  that  of  the  carbureter 
air  was  varied  from  — 5  to  -65  deg.  cent.  (23  to  149 
deg.  fahr.1. 
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With  each  speed,  load,  air  temperature  and  fuel,  a 
mixture-ratio  run  was  made;  that  is,  the  carbureter  was 
adjusted  for  what  appeared  to  be  a  maximum-power 
mixture,  and  the  fuel  consumption  was  taken  with  that 
Betting.  Then,  two  leaner  and  two  richer  settings  were 
bJbo. 
The  results  of  these  fuel-consumption  tests  are  given 
in  F:  13  and  include  full-throttle  operation  at  5(11), 

800  and    1200  r.p.m.  and   part-throttle  operation  at  500 
and  800  r.p.m.   The  power  output  is  not  given,  because  it 
approximately    the   same   with    either   fuel.    There 
Ower-OUtput  at   the  lower  air- 
temp' 

It  can   be  Been  readily  that  there  usually  is  no  differ- 
in  fuel  consumption  veen   the  test-fuels  B 
and  D  at   either  maximum-power  or  maximum-economy 
i  arbureter-settings.    There  is  one  exception.    The  results 
of  runs  at  500  r.p.m.,  at  part  load,  shown  in  Fig.  12,  in- 
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-Comparison  of  the  Amounts  of  B  and  D  Fuel  Consumed 

at  a  Speed  of  1200  R.P.M.  and  Full  Throttlb 


dicate  greater  fuel-consumption  with  D  than  with  B  fuel. 
This  difference  varies  from  about  10  per  cent  at  — 5  deg. 
cent.  (23  deg.  fahr.)  to  practically  zero  per  cent  at  65 
deg.  cent.  (149  deg.  fahr.).  Further  investigation  of  this 
condition  of  operation  seems  desirable  as  it  appears  to 
be  of  importance  in  the  normal  operation  of  the  car 
under  winter  starting  conditions.  The  results  seem  to 
show  that  with  this  engine  and  under  conditions  of  low 
speed   and  temperature,   more   of  D  than   of  B  fuel   is 


required  to  give  a  maximum-power  mixture  or  to  operate 
at  all.  If  the  carbureter  were  set  for  constant-speel 
operation  under  these  conditions,  the  consumption  of 
the  less-volatile  fuel  probably  would  be  greater  under 
other  conditions  also.    If,  on  the  other  hand,  the  carbu- 
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Fig.  12 — Comparison  of  the  Amounts  of  B  and  D  Fuel  Consumed 
at  a  Speed  of  500  RP.M.  and  Part  Throttle 
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were  altered  to  meet  changing  condi- 

•ecially  those  of  temperature,  differences  in  the 

fuel  consumption  probably  would  be  limited  to  those  pe- 

peration  when  the  conditio!. .-  already  mention'- .1 
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The  results  indicate  a  decrease  in  the  fuel-consumption 

with  a  rise  in  the  temperature,  and  this  effect  is  perhaps 

more  marked  in  the  case  of  D  Fuel  as  evidenced  by  the 

ter  downward  slope  of  the  curves  for  /'  fuel.    The 

temperature  effect  is  most  pronounced  at  thai  Bpeed  and 

load    at    which    the    difference    between    B    and    l>    fuel 
appeared. 

The  reasons  for  this  change  in  the  consumption  with 
the  temperature  are  probably  also  the  reasons  for  the  dif- 
ference in  the  economy  as  between  two  fuels  of  widely 
different  volatilities.  If  all  cylinders  of  an  engine  could 
be  filled  with  identically  equal  mixtures  of  gasoline  vapor 
and  air  at  the  time  of  ignition,  regardless  ^\  air  temper- 
and  the  volatility  of  the  fuel,  there  is  little  reason 
to  believe  that  there  would  be  an  appreciable  difference 
in  fuel  consumption  between  fuels  or  temperatures  within 
the  ranges  under  consideration.  However,  at  the  tem- 
peratures  and  with  the  fuels  used  in  this  test,  the  mix- 
tures received  by  the  cylinders  may  not  be  similar  and 
the  fuel  may  not  always  be  vaporized  entirely  by  the 
time  of  ignition. 

That  the  mixtures  received  by  the  cylinders  may  not 
be  'he  same,  either  between  themselves  or  from  cycle 
to  cycle,  is  due  to  the  fact  that  part  of  the  fuel  passes 
through  the  intake  system  as  liquid  and  most  manifolds 
do  not  distribute  liquid  as  uniformly  as  gas.  The  higher 
the  air  temperature  is  and  the  more  volatile  the  fuel  is, 
tin-  less  will  be  the  amount  of  liquid  to  be  distributed  and 
the  more  uniform  will  be  the  distribution.  It  should  he 
realized,  however,  that  when  the  conditions  are  such  that 
practically  all  of  either  of  two  fuels  passes  through  the 
manifold  as  liquid,  no  difference  in  distribution  would 
be  expected  as  between  the  fuels,  for  a  manifold  should 
distribute  the  liquid  of  the  one  no  less  uniformly  than 
the  liquid  of  the  other. 

The  less  the  amount  of  liquid  fuel  entering  the  cylin- 
der, the  greater  will  be  the  likelihood  that  all  of  it  will 
he  vaporized  in  time  to  be  utilized  fully.  It  is  recognized 
that  for  normal  operation  temperatures  any  of  the  fuels 
with  which  we  have  to  deal  can  be  fully  utilized  in  any 
le  cylinder.  It  is  seen  then  that,  with  cold  tempera- 
tures and  with  fuels  of  low  volatility,  an  excess  of  fuel 
must  be  supplied  so  that  the  mixtures  of  fuel  vapor  and 
air  in  each  cylinder  at  the  time  of  ignition  shall  be  rich 
enough  to  fire.  These  tests  indicate  that  the  difference  in 
volatility  □  B  and  J>  fuels,  although  sufficient   t<> 

affect  appreciably  their  estimated  possible  production,   is 
not  great  enough  to  result  in  a  very  marked  difference 
in  their  action  in  this  engine  when  operating  at  constant 
ed  and   load. 

Fig.  14  is  included  merely  to  illustrate  'lie  method  ot 
obtaining  the  pointc  plotted  in  Figs,  '■»  to  18.  The  en 
ihown  in  Fig.  14  are  for  H  and  I)  fuels,  with  the  engine 
ditions  indicated.  The  fuel  consumption  at  maximum 
power  is  obtained  by  selecting  the  highest  point  of  the 
power  curve,  and  then  taking  the  corresponding  consump- 
tion-value from  the  fuel-consumption  curve  vertically 
beneath.  Sim  irticular  consumption  at  which  max- 

imum power  is  obtained  is  often  difficult  to  select  from  a 
(lat  power-curve,  it  sometimes  is  desirable  to  use  the  con- 
ptton  corresponding  to  a  certain  percentage  of  max- 
imum power  to  the  leal  if  the  maximum  point.   The 
maximum-power  value  is  obtained  easily,  even  though  the 
at   which    it   is   obtained   is   indefinite.    The 
maximum-economy  values  are,  naturally  the  lowesl  points 
of  the  fuel-consumption  curves  in  the  lower  part  of  Fig. 
ll.    The  curves  in  Fig.  14  are  tin  points  plotted 
I  ig     12  for       •">  <\>'V.  cent.    'T-',  deg.  fahr.). 
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CONCLUSIONS   OF   CONSTANT-SPEED   FUEL   TESTS 

The  results  of  the  constant-speed  tests  with  the  Car-Z 
engine  do  not  show  large  differences  in  fuel  consumption 
as  between  the  B  and  D  fuels.  The  greatest  difference 
observed  was  much  less  than  the  difference  between  the 
estimated  possible  productions  of  the  two  fuels. 

It  is  concluded  that  the  difference  in  volatility  that 
exists  between  B  and  D  fuels  is  not  so  large  as  to  pro- 
duce considerable  differences  in  fuel  consumption  in 
existing  automobiles,  at  least  under  conditions  of  constant 
speed  and  load.  Whether  or  not  richer  mixtures  would 
need  to  be  used  with  the  less-volatile  fuel  to  obtain  equal 
ease  of  starting  and  acceleration  is  yet  to  be  determined. 
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Fig.  16 — Effect  of  Air  Temperature  upon  the  Needle-Valve  Set- 
ting for  the  Maximum -Power  and  Leanest  Air-Fuel  Ratios  at 
a  Speed  of  S00  R.P.M. 

It  should  be  remembered  in  this  connection  that  the  accel- 
erations involved  in  the  Speedway  tests  were  accom- 
plished satisfactorily  with  the  less-volatile  oils. 

AIR-TEMPERATURE  AND  FUEL-VISCOSITY  EFFECTS 

Regarding  the  effect  of  air  temperature  and  fuel  vis- 
cosity upon  carbureter  adjustment,  an  interesting  side- 
light on  the  subject  of  carbureter  adjustment  is  given  in 
Figs.  15  to  17.  This  may  explain  many  apparent  incon- 
sistencies that  appear  in  the  fuel  tests.  These  curves 
were  plotted  from  the  data  of  the  fuel-consumption  tests 
just  described.  They  show  the  needle-valve  settings  that 
were  made  by  the  operator  to  obtain  maximum  power 
from  the  engine  at  each  particular  carbureter-air  tem- 
perature. The  leanest  settings  at  which  the  engine  would 
operate  regularly  are  given  also.  The  "needle-valve  set- 
tings" refer  to  the  position  of  a  dial  connected  to  the 
needle-valve  of  the  carbureter.  The  circumference  of  this 
dial  is  divided  into  18  parts  which  are  numbered  and  re- 
ferred to.  The  large  changes  in  the  needle-valve  setting 
that  it  was  necessary  to  make  to  obtain  maximum-power 
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Fig.  17 — Effect  of  Air  Temperature  upon  the  Needle-Valve  Set- 
ting for  the  Maximum-Power  and  Leanest  Air-Fuel  Ratios  at 
a  Speed  of  1200  R.P.M. 

mixtures  at  different  temperatures  explain  how  great  an 
influence  the  temperatures  of  the  gasoline  and  the  air 
may  have  upon  the  performance  of  an  engine  and  a 
carbureter  of  this  type  when  the  carbureter  is  not  altered 
to  meet  each  change  in  the  temperature.  For  example, 
if  the  carbureter  were  adjusted  for  the  maximum  power 
with  the  engine  operating  at  a  65-deg.  cent.  (149-deg. 
fahr.) air-temperature,  at  500  r.p.m.  and  full  throttle, 
shown  in  Fig.  15,  and  the  air  temperature  subsequently 
should  fall  below  13  deg.  cent.  (55.4  deg.  fahr.),  the 
mixture  would  be  so  lean  that  the  engine  would  cease  to 
run.  Similarly,  if  the  carbureter  were  adjusted  for  the 
maximum  power  at  a  low  air-temperature,  the  mixture 
would  be  entirely  too  rich  at  the  higher  air-temperatures. 
The  above  indicates  the  difficulty  of  obtaining  uniformly 
satisfactory  operation  without  ia)  varying  the  carbu- 
reter setting  to  take  care  of  changes  in  temperature 
conditions,  or  (b)  providing  some  means  of  controlling 
the  temperature  to  agree  with  a  given  carbureter-setting. 
This  difficulty  is  present  to  almost  the  same  degree  with 
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Fig.    IS — Effect  of  Temperature  upon  the  Viscosity  of  a  Com- 
mercial Gasoline  Having  a  Specific  Gravity  of  0.743  at  26  Dec. 

Cent.    (7S.S   Deg.  Fahr.) 
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any  of  the  fuels  used  in  these  tests  but  is  undoubtedly 
less  with  carbureters  in  which  fuel  viscosity  has  but 
little  eff- 

••  reasons,  other  than  difference  in  efficiency  of  fuel 
ration,    why   the   needle-valve    opening  must   be   in- 
creased to  give  a  maximum-power  mixture  when  the  air 
temperature  is  decreased,  seem  to  be  as  foil' 

lower    the   fuel    temperature    is,   the   greater 
will  be  its  viscosity;  and  the  greater  the  viscosity 

•  ~.e  less  the  flow  will  be,  other  conditions  re- 
maining the  same.  To  maintain  a  constant  air-fuel 
rati'  r..-ct  must  be  compensated  for  by  an 

a*e    in    needle-valve    opening.      The    increase 

•  h  a  decrease  in  the  temperature 

tends  to  compensate  for  this   viscosity  effect,  but, 

with    gasoline,    the   viscosity   changes    much    more 

rapidly   with    temperature    than   does   the   density. 

18    shows    the    very    considerable    effect    of 

•  ire    upon    the    viscosity   of   a    commercial 

:ne,  and  also  .  /.'    ind  D 

•  at  a  single  temperature. 

f  the   fuel    were   unaffected 

a    decrease    in    air    temperature 

about   a   leaner   mixture   because   the 

•  ire  is,  the  less  will  be  the 

inducing  fuel   flow   which   will 

et     Weight    of    air    flowing 

The    air    flow   remaining 

flow  decreasing,  a  leaner 

'•die- valve  opening 

.ved. 

d  that  the  points  for 
foi    B    fuel,    in- 

-tent 
in  these 
ad,  it  follows 
i  through  the  ear- 
ning 

what  was  found 


in  the  summer  road-tests;  namely,  it'  the  carbureter  were 
Bet  for  the  maximum  power  with  each  fuel,  the  Betting 
for  D  fuel  appeared  to  be  richer  but  no  greal  difference 

in  the  number  of  miles  per  gallon  resulted  because  there 
was  little  change  in  the  fuel  How.  It",  on  the  other  hand, 
I>  fuel  were  used  when  the  carbureter  was  Bet  for  the 

maximum  power  with  />'  fuel,  more  miles  per  gallon  but 
otherwise  inferior  performance  was  obtained  with  the 
/>  fuel. 

Two  tendencies  of  significance  are  suggested  by  a  con- 
sideration of  the  viscosity  effect  in  carbureters  of  this 
follows  : 

(1)  When  drivers  observe  a  difference  in  fuels  as 
regards  flexibility,  power  and  acceleration,  these 
differences  may  be  dui  fact  that  a  leaner 
mixture  is  obtained  with  the  less-volatile  and 
more  viscous  fuel  at  a  given  carbureter-setting 
i~  well  as  to  a  difference  in  vaporization  or  distri- 
bution. In  fact,  the  fuel  consumption  may  be  as 
low  or  lower  under  these  conditions. 

(2)  Variations  in  the  distillation  characteristics  of  the 
gasolines  now  sold  may  indicate  corresponding 
variations  in  viscosity,  which  would  have  the  effect 
described  in  (1).  That  the  distillation  character- 
istics of  motor  gasoline  do  vary  appreciably  is 
indicated  by  the  semi-annual  motor  gasoline  sur- 
veys by  the  Bureau  of  Mines.  An  examination  of 
the  data  given  in  the  above-mentioned  report  will 
show  that  gasoline  is  much  more  uniform  than 
it  was  formerly,  but  that  the  variation  throughout 
the  country  is  still  appreciable.  If  carbureter 
adjustments  are  made  so  as  to  give  satisfactory 
performance  with  the  more-viscous  fuels,  then  the 
less-viscous  fuels  will  be  used  in  over-rich  and 
wasteful  mixtures.  Therefore,  fuel  uniformity  as 
well  as  fuel  volatility  is  important  insofar  as 
economy  is  concerned. 

CRANKCASE-DILUTION    TESTS 

By  crankcase  dilution  is  meant  the  addition  of  fuel 
to  the  lubricating  oil.  It  is  believed  generally  that  the 
dilution  obtained  with  present  fuels  and  engines  is 
greater  than  was  obtained  some  years  ago,  and  that  the 
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21 — Another   Set  of  Curves   Showing   the    Effect   of  Fuel 
Volatility  upon  the  Rate  of  Dilution 


decrease  in  fuel  volatility  which  has  taken  place  is  re- 
sponsible chiefly  for  the  increased  dilution.  Therefore, 
the  effect  of  a  further  decrease  in  fuel  volatility  upon 
the  rate  of  dilution  was  considered  to  be  an  important 
part  of  this  investigation. 

The  one  well  recognized  effect  of  dilution  is  to  diminish 
the  viscosity  of  the  lubricant  greatly.  Whether  it  has  any 
other  important  effect  is  not  definitely  known.  The  vis- 
cosity still  is  regarded  as  the  most  important  measur- 
able property  that  an  oil  possesses  and  is  a  fairly  reliable 
indication  of  the  ability  of  an  oil  to  maintain  its  lubricat- 
ing film  under  all  conditions  of  temperature,  pressure 
and  speed.  It  is  desirable  to  use  the  least  viscous  oil  that 
will  keep  the  metal  surfaces  apart  consistently.  If  the 
viscosity  is  less  than  this,  wear  of  the  engine  parts  will 
occur  during  the  moments  of  heaviest  load  and  highest 
temperature.  The  less  the  viscosity,  the  greater  will  be 
the  frequency  and  the  duration  of  these  periods  of  wear. 
It  also  is  possible  that  a  critical  condition  of  the  oil-seal 
between  the  piston  and  the  cylinder  may  exist;  that  is, 
when  the  viscosity  of  the  lubricant  falls  below  a  partic- 
ular value,  "blowing-by"  and  rapid  wear  may  occur. 
If,  on  the  other  hand,  an  oil  of  unnecessarily  high  vis- 
cosity is  used,  the  friction  losses  will  be  large  and  the 
load  on  the  starting  motor  excessive,  because  engine 
friction  is  largely  the  resistance  to  shear  of  the  oil-film 
on  the  cylinder-walls  and  in  the  bearings,  especially  the 
former.  It  is  evident,  then,  that  a  rapid  rate  of  crankcase 
dilution  produces  a  very  unstable  lubrication  condition. 
If  the  oil  is  of  correct  viscosity  at  the  outset,  it  will  soon 
be  too  thin  to  prevent  wear,  but  if  a  more  viscous  oil 
is  used  to  postpone  this  condition,  a  high  initial-friction 
loss  is  the  consequence.  The  car  user  is  subjected  to  the 
nuisance  and  the  expense  incident  to  draining  and  refill- 
ing the  crankcase  frequently  and  is  often  uncertain  as  to 
whether  he  has  estimated  the  rate  of  dilution  correctly. 

The  summer  road-tests  for  oil  dilution  indicated  a  dis- 
tinctly greater  rate  of  dilution  with  the  less-volatile  fuels. 
The  laboratory-test  program  with  the  C&r-Z  engine  in- 
cluded tests  intended  not  only  to  compare  the  rates  of 


dilution  obtained  with  the  test  fuels  but  also  to  determine 
what  conditions  of  operation  have  the  greatest  influence 
upon  the  rate  of  dilution. 

DILUTION-TEST  PROCEDURE 

The  procedure  adopted  for  the  dilution  tests  was  as 
follows:  The  engine  was  warmed-up,  using  old  oil.  Dur- 
ing this  period,  the  desired  carbureter  adjustment,  to 
give  as  nearly  as  possible  the  same  mixture-ratio  with 
each  fuel,  circulating-water  temperature  and  carbureter- 
air  temperatures  were  secured.  The  engine  was  then 
stopped  and  the  oil  drained  from  the  crankcase.  Then, 
2  qt.  of  new  oil  was  poured  into  the  crankcase,  the  engine 
was  motored  over,  the  oil  was  drained  again  and  a 
weighed  quantity  of  new  oil  was  poured  in.  A  weighed 
gasoline-tank  was  then  connected  to  the  carbureter,  and 
the  engine  was  started.  The  first  sample  of  oil  was  drawn 
from  the  crankcase  10  min.  thereafter,  without  stopping 
the  engine.  This  sample  was  considered  necessary  because 
the  oil  in  the  crankcase  at  the  start  of  the  run  was  not 
entirely  free  from  dilution,  despite  the  foregoing  pro- 
cedure. Thereafter,  only  one  more  oil-sample  was  taken 
until  the  end  of  the  run,  usually  a  period  of  5  hr.,  so  as 
not  to  reduce  the  quantity  of  lubricant  in  the  crank- 
case materially.  Every  effort  was  made  to  keep  the  tem- 
perature and  the  other  engine  conditions  constant.  At 
the  end  of  the  run,  the  crankcase  was  drained  and  the 
contents  were  weighed;  the  gasoline  tank  was  weighed 
also. 

All  oil-samples  were  tested  as  to  specific  gravity,  vis- 
cosity and  "per  cent  dilution."  The  viscosity  was  obtained 
with  a  Saybolt  viscosimeter  at  37.8  deg.  cent.  (100  deg. 
fahr.).  The  "per  cent  dilution"  was  obtained  by  the  fol- 
lowing method:  A  small  quantity,  100  cc.  of  the  oil 
sample,  was  placed  in  an  Engler  distillation  flask  and 
heated  to  the  boiling  temperature  of  the  new  oil,  which  is 
305  deg.  cent.  (581  deg.  fahr.).  The  products  of  distilla- 
tion were  condensed  and  collected  in  a  graduate.  The 
number  of  cubic  centimeters  collected  in  the  graduate 
was  called  the  "per  cent  dilution."  The  "per  cent  dilu- 
tion" and  the  Saybolt  viscosity  at  37.8  deg.  cent.    (100 
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obtained  with  but  one  type  of  engine  and 
one  oil  under  certain  fixed  conditions,  are  not  directly 
applicable  to  all  cases,  but  that  they  do  indicate  general 
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In  Figs.  20  to  26,  the  results  of  the  viscosity  and  the 
"percent  dilution"  tests  of  the  oil  samples  taken  during 
the  runs  are  shown.  These  results  are  plotted  against  the 
time  at  which  the  samples  were  drawn  from  the  crank- 
Figs.  20  and  21  show  that  a  greater  rate  of  dilu- 
tion was  obtained  with  the  less-volatile  D  fuel  than  with 
B  fuel,  under  each  of  four  combinations  of  air  and  water 
temperature.  This  difference  in  rate  of  dilution  is  evi- 
denced nol  only  by  the  viscosity  and  the  "per  cent  dilu- 
tion" curves  in  Figs.  20  and  21,  but  also  by  the  changes 
in  the  amount  of  lubricant  in  the  crankcase  given  in  the 
last  column  of  Table  5.  The  apparent  oil-consumption  is 
almost  always  less  with  I)  fuel,  indicating  a  greater  addi- 
tion of  fuel  to  the  lubricant. 

Figs  22  and  23  show  the  relative  effects  of  carburet,  r- 
air  and  circulating-water  temperatures  upon  the  rate  of 
dilution.  It  is  evident  that,  with  this  engine  and  within 
the  given  ranges  of  temperature,  the  circulating-water 
temperature  had  a  much  greater  influence  upon  the  rate 
of  dilution  than  had  the  carbureter-air  temperature.  This 
resoll  is  supported  by  no  less  than  four  runs  at  each  of 
the  four  combinations  of  air  and  water  temperature  as 
shown  in  Table  4.  It  should  be  noted  in  this  connection 
that  the  intake-manifold  on  this  engine  is  cast  separately 
from  the  cylinder-block  and  is  not  hot-spotted;  therefore 
the  carbureter-air  temperature  does  determine  the  chai  ge 
temperature  to  a  large  extent.  It  is  natural  to  suppose 
that  the  air  temperature  would  determine  how  much  or 
how  little  of  the  fuel  entered  the  cylinder  in  the  liquid 
and,  hence,  how  great  or  how  little  the  rate  of  di- 
lution would  be.  Also,  given  a  condition  where  pail  of 
fuel  does  enter  the  cylinder  as  liquid,  the  higher  the 
piston  and  tin-  wall  temperatures,  the  greater  would  be 
the  likelihood  of  complete  vaporization  and  a  low  rate 
of  dilution.  It  has  been  shown  that  jacket-water  tem- 
peratures may  have  a  very  considerable  influence  on 
.n  and  wall  temperatures,  in  the  piston-temperature 
measurements  given  in  a  paper  entitled  Aluminum  Pis- 
ton-, by  Jehle  and  Jardine'. 


Vol.   XIII 


July,  1923 


No.   1 


ECONOMIC  MOTOH  1  IHI.  VOLATILITY 


13 


TABLE  5— DETAILS  OF  RUNS 

VISCOSITY  IN  SAYBOLT  SEC. 
OF   SAMPLES  TAKEN  AT 

No.           Fuel             Per  Hr.          10  Min.          2.5  Hr.  5  Hr. 

600  r.p.m.  Full  Load,  Carbureter-Air  Temperature,  65  Deg.  Cent. 

85  Deg.  Cent.   (185  Deg.  Fahr.) 

B                   8.90                 275                 234  217 

D                   9.07                 276                 233  198 

B                   6.06                 276                 260  245 

D                   6.24                 276                 251  235 

B                 10.70                 274                 203a  227" 

D                 10.42                 267                 203  163 

600  r.p.m.  Full  Load,  Carbureter-Air  Temperature,  5  Deg.  Cent. 

10  Deg.  Cent.  (50  Deg.  Fahr.) 

B                 10.40                 261                 180  149 

D                 10.55                 251                 161  122 

B                   9.30                 261                 191  155 

D                   9.31                 272                 170  129 

B                 12.69                 259                 150  113 

D                 11.95                 260*                129  93 

r.p.m.  Full  Load,  Carbureter-Air  Temperature,  65  Deg.  Cent 

10  Deg.  Cent.  (50  Deg.  Fahr.) 

B                   9.96                 255                 179  138 

D                 10.16                 262                 160  115 

B                   8.44                 259                 191  162 

D                   8.50                 263                 237  147 

B                 12.00                 265                 155  124 
D                 11.61                 257                 144 
600  r.p.m.  Full  Load,  Carbureter-Air  Temperature, 

85  Deg.  Cent.   (185  Deg.  Fahr.) 

9.33                 277                 255  218 

9.41                 259                 216  200 

8.17                 270                 240  225 

10.75                 270                 238  221 

r.p.m.     Part  Load,  Carbureter-Air  Temperature,  5  Deg.  Cent. 

10  Deg.  Cent.   (50  Deg.  Fahr.) 

B                   4.48                 274                 235  220 

r.p.m.     Motoring,  Carbureter-Air  Temperature,  5  Deg.   Cent. 

25  Deg.  Cent.  (77  Deg.  Fahr.) 

B  5.34  203  77" 

600  r.p.m.    Full  Load,  15  Hr.,  Carbureter-Air  Temperature,  5  De; 

perature,  10  Deg.  Cent.  (50  Deg.  Fahr.) 

B                 10.17                 262                  ...  170 

B                  ...                  ...  121« 

B                   ...  93s 

"  Sample  contained  water. 

6  Sample  taken  at  2  hr. 

'"  Sample  taken  at  10  hr. 

'*'  Sample  taken  at  15  hr. 


PERCENTAGE  OF   DILUTION    OF 
SAMPLES   TAKEN    AT 

10  Min.  2.5  Hr.  5  Hr. 


Change  in 
Weight  of 
Crankcase 
Contents, 
Lb. 


(149  Deg.  Fahr.);  Outlet-Water  Temperature, 


1 
2 
3 
4 
5 
6 


7 

8 

9 

10 

11 

12 

600 

13 
14 
15 
16 
17 
18 


19 
20 
21 
22 
600 

23 
600 

24 


25 


1.5 
1.3 
2.0 
1.2 
2.0 
2.5 
(41   Deg. 

2.5 
3.3 
2.6 
2.5 
3.0 
3.5 


4.3 
4.0 
3.0 
3.4 

6.5 


5.5 
7.4 
3.9 
5.0 
8.5 
11.0 


—0.3 
—0.2 
—0.7 
—0.7 
+0.5 
+0.6 


Fahr.)  ;  Outlet- Water  Temperature, 


7.8 
10.0 

7.0 
13.8 

8.9 
10.4 


11.0 
16.7 
10.5 
22.0 
14.5 
15.5 


+0.7 
+  1.2 
+0.7 
+0.8 
+1.2 
+1.6 


(149  Deg.  Fahr.);  Outlet-Water  Temperature, 


2.5 
2.5 
2.1 
2.0 
2.0 
3.0 


7.5 
9.5 
6.5 
8.0 
9.7 
11.5 


11.5 
16.5 
9.9 
12.0 
13.5 


+0.9 
+1.1 

+0.7 
+0.7 
+0.9 


5  Deg.  Cent.    (41  Deg.  Fahr.)  ;  Outlet-Water  Temperature, 


B 
D 
B 
B 


1.0 
2.3 
2.0 
0.1 
(41  Deg. 


3.0 
5.0 
3.0 
3.5 


4.7 
6.4 
4.5 
5.0 


—0.0 
+0.2 
+0.1 
—0.2 


Fahr.)  ;  Outlet-Water  Temperature, 


2.0  3.3  5.0  +0.3 

(41  Deg.  Fahr.)  ;  Outlet-Water  Temperature, 

5.0  23.0*  ...  +2.4 

Cent.    (41   Deg.   Fahr.)  ;    Outlet-Water   Tem- 


1.5 


9.3 

14.2" 
18.4* 


+0.6 


0  12  3  4  5 

Time ,  hr. 

Fig.  25 — Effect  of  Mixture-Ratio  upon  the  Rate  of  Dilution 
with  B  Fuel 


2  3 

Ti'me,hr. 

Fig.  26 — Effect  of  Load  upon  the  Rate  of  Dilution  with 

B  Fuel 
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a  probable  explanation  of  why  the  water  temperature 
is  the  predominating  influence  is  as  follows:  The  highest 
carbureter-air  temperature  used.  t'»,">  deg.  cent  l  Mi'  deg. 
fahr.)i  probably  is  not  high  enough  to  vaporise  all  of 
either  fuel,  even  if  there  were  BUfBcient  time.  There  is 
always  liquid  fuel  entering  the  cylinders  at  both  high  and 
low  air-temperatures  but.  of  eourse,  there  is  a  greater 
irtion  of  liquid  in  the  latter  ease,  the  increase  being 
in  the  more-volatile  portions.  The  more-volatile  portions 
of  the  liquid  vaporize  readily  enough  in  the  cylinder  ami 
only  the  less-volatile  portions  contribute  to  the  dilution. 
Therefore  the  greater  amount  of  the  lighter  constituents 
ing  the  cylinders  as  liquid  at  the  lower  air-tempera- 
-  makes  little  difference.  The  least  volatile  fractions 
are  not  vaporized  at  the  time  of  entrance  with  either  of 
the   carbureter-air   temperatures   considered   ami.    hi 

me  the  determining  factor.  The  rate  of  dilution  de- 
pends therefore  upon  the  ability  of  the  piston  and  the 
cylinder  wall  to  vaporize  the  heaviest  portion  of  the  fuel, 
which  is  a  function  of  the  jacket-water  temperature. 

Figs.  24  and  25  serve  to  illustrate  the  effect  of  mixture- 

upon  dilution.    It  will  be  Been   that  the  richer  the 

mixture  is,  the  greater  the  dilution  will  be,  and  that  the 

effect  is  approximately  in  proportion  to  the  rate  of  fuel 

consumption. 

The  results  of  the  15-hr.  dilution  test  given  in  Table  5 
show  that  the  viscosity  decreases  rapidly  throughout  the 
test.  This  seems  to  indicate  that,  with  low  temperature- 
conditions,  dilution  does  not  reach  equilibrium  in  a  test 
•-is  length.  The  Saybolt  viscosity  of  the  lubricant  at 
37.8  deg.  cent.  (100  deg.  fahr.)  was  reduced  to  less  than 
one-third  that  of  the  unused  oil.  A  contemplated  15-hr. 
with  higher  air  and  water-temperatures  may  show 
a  considerably  different  result.  At  the  higher  oil-tem- 
peratures such  as  will  be  obtained,  the  diluent  may  be 
distilled  from  the  lubricant  at  such  a  rate  as  ultimately 
to  equal  the  rate  at  which  the  fuel  was  being  added  and 
equilibrium  ensue.  The  relative  ability  of  two  fuels  to 
reach  equilibrium  while  the  oil  still  has  sufficient  lubri- 
cating qualities  may  be  an  important  consideration  in 
any  oil-consumption  estimates  as  between  two  fuels.  The 
rate  of  dilution  under  starting  conditions  was  found  to 
be  several  times  as  great  as  when  operating. 

Fig.  26,  a  comparison  of  the  dilution  at  one-half  of  the 
indicated  load  with  that  at  full  load,  shows  that  the  dilu- 
tion at  full  load  was  the  greater  and  apparently  in  pro- 
portion to  the  indicated  load  or  the  fuel  consumption. 
It  should  be  realized,  however,  that  the  same  air  and 
water-temperatures  were  maintained  at  part  as  at  full 
throttle,  a  condition  that  rarely  exists  for  long  in  the 
.  operation  of  automobile  engines. 

Fig.  27  is  included  to  show  the  effect  of  the  tempera- 
ture upon  the  viscosities  of  diluted  and  of  undiluted  oil. 
The  curves  show  that  a  small  increase  in  temperature 
may  reduce  the  viscosity  of  the  oil  fully  as  far  as  a  con- 
siderable amount  of  dilution.  The  temperature  of  the 
lubri  ..rating   the   piston   and  the   cylinder   may 

from   that   of   the  atmosphere  to  at  least   100  deg. 
212  deg.  fahr.  i.    This  is  an  illustration  of  the  im- 
portance   of    choosing    a    lubricant     for    the    temperature 
condition  besl   adapted  to  the  engine  under  consideration 
and  then  striving  to  maintain  the  lubricant  and  the  tem- 
perature constant.    Fig.  28  illu  tie  relative  magni- 
of  the  effect  of  fuel  volatility,  circulating-water  tem- 
iture  and  mixture-ratio  upon  dilution. 

CONCLUSIONS  DRAWN  FROM   CEANKCA8E-MLUTI0N  Tl  . 

In  conclusion,  the  rate  of  crankcase  dilution  is  greater 
volatile  fuels  under  all   conditions  of  test. 
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In  that  these  conditions  cover  a  wide  variation  of  mix- 
ture-ratio and  of  air  and  water-temperature,  it  is  reason- 
able to  suppose  that  such  would  be  the  case  during  a  large 
majority  of  the  time  of  operation  of  existing  cars.  That 
many  cars  have  engines  differing  from  the  test  engine  in 
design  may  alter  the  magnitude  of  the  differences  but 
not  the  fact  of  their  existence.  In  general,  it  has  been 
found    that   the   circulating-water   temperature   has   the 


greatest  single  influence  upon  the  rate  of  dilution,  and 
that  the  mixture-ratio  has  a  considerable  effect. 

Acceleration  and  Starting  Tests 

The  acceleration  and  starting  tests  are  now  being  run 
with  the  Car-Z  engine  set-up.  It  is  hoped  that  the  meth- 
ods used  will  detect  any  significant  differences  which  may 

exist. 


MOTOR-TRANSPORT  ACTIVITIES  OF  THE 
OFFICERS'  RESERVE  CORPS 


AS  the  National  Defense  Act  forms  our  military  estab- 
lishment into  a  small  standing  army  and  a  large  re- 
serve, it  is  desirable  that  those  engaged  in  the  automotive 
industry  interest  themselves  as  citizens  and  tax-payers  in 
the  development  of  this  Reserve.  The  mistakes  made  during 
the  war  are  well  known  to  those  who  served  in  the  ranks,  as 
well  as  to  those  who  managed  the  many  different  organiza- 
tions that  were  directly  or  indirectly  engaged  in  furnishing 
munitions  of  war,  whether  it  was  cotton  for  the  tents,  steel 
for  the  ordnance  or  automotive  parts  for  transportation,  and 
to  prevent,  if  possible,  and  in  any  case  reduce  the  number  of 
the  mistakes  that  occurred  in  the  past,  officers  in  charge  of 
the  various  Corps  Areas  are  making  every  effort  to  interest 
men  who  would,  in  time  of  war,  be  called  into  active  service, 
especially  technical   and   mechanical   men. 

It  is  recognized  that  able-bodied  men  will  be  drafted  into 
the  service  with  or  without  their  consent  if  the  emergency 
requires  it.  The  problem  is  to  anticipate  the  demand.  A 
bulletin  describing  the  regulations  for  the  Officers'  Reserve 
Corps  may  be  obtained  from  the  Army.  One  having  deter- 
mined which  branch  of  the  service  he  wishes  to  enter,  it  is 
necessary  to  have  the  application  papers  forwarded  to  the 
Commanding  Officers  of  a  Corps  Area  for  a  commission  in 
the  Corps.  Each  organized  reserve  unit  will  be  localized, 
with  all  its  officers  residing  in  its  own  territory.  The  en- 
listed personnel  will  be  assigned  to  units  localized  in  or  near 
their  places  of  residence.  Provision  will  be  made  for  trans- 
ferring the  officers  and  the  enlisted  men,  upon  any  change 
of  residence,  to  similar  units  in  their  new  homes. 

As  the  reserve  will  be  distinctly  a  war  force  and  will  not 
be  called  to  the  colors  except  in  such  an  emergency,  it  will 
attract  a  class  of  citizens  who  do  not  feel  inclined  or  are 
unable  to  undertake  the  obligations  assumed  by  members  of 
the  National  Guard.  Moreover,  the  reserve  will  be  main- 
tained as  a  skeletonized  force  and  will  not  compete  with  the 
National  Guard.  The  policy  of  the  General  Staff  contem- 
plates a  well-balanced  force  officered  by  regular,  National 
Guard  and  organized  reserve  officers  and  capable  of  expan- 
sion to  any  required  size.  The  expansion  of  the  limit  of 
strength  will  take  place  through  voluntary  enlistment  or 
draft  as  emergency  may  demand.  Each  Corps  Area  will 
contain  troops  from  the  regular  army,  the  National  Guard 
and  the  organized  reserve;  all  organized  in  time  of  peace 
into  brigades,  divisions  and  Army  corps,  with  the  necessary 
auxiliary  and  special  troops. 

By  joining  the  Reserve  Corps  one  becomes  a  part  of  an 
organization  that  is  being  developed  to  save  time  and  money 
and  to  reduce  the  expense  of  maintaining  a  war-time  organ- 
ization. During  the  war  many  "misfits"  were  placed  in 
charge  of  departments  because  no  preparation  had  been  made 
for  motor  transportation.  The  present  plan  is  to  eliminate 
confusion  and  to  assign  in  each  locality  an  organization  re- 
cruited so  far  as  possible  from  ex-service  men  and  whenever 
it  can  be  done  to  retain  their  World  War  designation.  These 
men  will  be  formed  into  a  skeletonized  organization,  with  a 
commanding  officer  and  the  necessary  aides.  As  the  organ- 
izations fill  up,  motor  repairmen  of  various  degrees  of  skill 
w:ll  be  assigned.  There  will  be  no  demands  on  one's  time 
other  than  to  sign  the  necessary  papers  for  joining,  undergo 


a  physical  examination,  and  if  one  is  anxious  to  progress  in 
the  Service  to  take  up  the  Army  Correspondence  Course  that 
endeavors  to  teach  potential  soldiers  the  rudiments  of  the 
Service. 

Local  pride  will  be  involved  in  the  formation  of  any  given 
organization.  It  will  retain  its  identity  in  skeletonized  form 
throughout  the  period  of  service.  A  certain  motor-repair 
battalion  is  now  attached  to  the  First  Army,  with  its  com- 
manding officer  and  his  adjutants,  the  Headquarters  Organ- 
ization, Companies  A,  B,  C  and  D  with  their  captains  and 
lieutenants;  even  the  medical  and  dental  officers  have  been 
assigned  to  this  organization.  In  case  of  war  the  officers, 
who  have  become  acquainted  with  their  commander,  their 
associate  officers  and  their  assistants  will  be  ordered  to 
mobilize.  There  will  be  little  confusion  in  terminating  one's 
affairs  and  gathering  at  the  various  contact  points. 

The  terrific  change  that  emergencies  of  this  kind  entail 
upon  everybody  is  well  known  and  there  is  no  question  about 
the  advisability  of  preparing  now  for  the  war  that  may  or 
may  not  come,  and  as  we  have  been  more  or  less  active  in 
criticising  the  lack  of  forethought  on  the  part  of  those  re- 
sponsible for  our  preparedness  or  lack  of  it,  it  is  our  duty 
to  stand  back  of  this  movement  and  interest  ourselves  and 
our  neighbors  in  joining  this  organization  that  costs  the 
individual  little  or  nothing  and  entails  no  additional  ex- 
pense upon  the  Government.  We  must  organize,  preferably 
with  the  men  who  have  seen  some  service.  However,  any 
man  of  fair  education  and  some  executive  ability  should  be 
able  to  pass  the  examination  and  obtain  a  commission  in  this 
reserve  force,  and  as  time  goes  on  fit  himself  for  promotion. 
No  doubt  hundreds  of  men  would  be  glad  to  take  part  in 
this  reserve  movement,  if  they  understood  the  situation.  As 
citizens  and  as  engineers  it  is  our  duty  to  spread  the  idea  as 
far  as  possible. 

Full  details  of  the  Reserve  Corps  may  be  obtained  from 
the  various  Corps  Area  Headquarters  listed  below: 

First  Corps  Area,  Boston. 

Second    Corps    Area,    Governors    Island,    New    York 
Harbor.  , 

Third  Corps  Area,  Baltimore. 

Fourth  Corps  Area,  Fort  McPherson,  Ga. 

Fifth  Corps  Area,  Fort  Hayes,  Ohio. 

Sixth  Corps  Area,  Chicago. 

Seventh  Corps  Area,  Omaha,   Neb. 

Eighth  Corps  Area,  Fort  Sam  Houston,  Texas. 

Ninth  Corps  Area,  Presidio,  San  Francisco. 

While  the  automotive  industry  is  particularly  interested 
in  this  movement,  the  chemist  can  join  the  Chemical  War- 
fare Branch;  and  the  metallurgist,  the  Ordnance,  as  well  as 
the  Quartermaster  Corps.  In  fact  men  of  any  trade  or  pro- 
fession may  enter  this  reserve,  knowing  that  their  particular 
qualifications  will  be  appreciated.  Prospective  officers  may 
be  accepted  without  examination  prior  to  Nov.  1,  1923,  upon 
stating  their  previous  experience.  Other  applicants  will  for- 
ward with  their  applications  a  record  of  their  civil  experi- 
ences, as  the  intention  of  the  War  Department  is  to  have 
each  man  in  the  position  best  suited  to  his  particular  ability 
or  talent. 
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Aircraft-Engine  Practice  as  Applied  to 
Air-Cooled  Passenger-Car  Engines 
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1"^  ::'s  paper,  presented  at 

/.  includes  written  contri- 
te   remarks    made   at    the    meeting. 
For  '  f  the  members,  an  abstract  of  the 

paper  is  printed  herewith,  together  with  a  reference  to 
BLNAL  in  which  the  paper  appeared, 
at  members  who  desire  to  refer  to  the  complete  text 
as  originally  printed,   and  to  the   illustrations   that   ap- 
peared in  connection  therewith,  can  do  so  readily. 

3TRACT 

STATING  that  :"  the  copying  of  aircraft  prac- 

px>st-war    car-design   has    proved    a    failure 
beca  :'_indamental    difference    in    duty    has    not 

been    realized,    the    author    proposes   to   show   wherein 

:d    the   engine    builder   can 

profit  by  the  use  of  practice  developed   for  air-cooled 

nes   and,  after   generalizing  on   the   main 

involved,    dis  on    the    simplicity 

e  efficient  air-cooled  cylinder  as  a  preface 

to  a  somewhat  detailed   discussion   regarding  cylinder 

--n    and    performance,    inclusive    of   valve    location, 

tinning  and  form  of  cylinder-head. 

-  material,  cooling  surface,  port  arrangement 

n-line   engines,  and  the  camshaft  and   valve-gear 

arrangement    most    desirable    are    subjects    treated    at 

-  ited,  the  thought  then  passing  to  a 

.   -ation    of    sleev.  temperature    and 

ooling,  in  such  detail  as  to  include  many 

-   ng  data;   and  similar  treatment   is  accorded 

jbjects  of  air  supply,  a  cooling  system  for  in-line 

iirection  and  the  necessary  quantity 

ible  types  of  fan,  spark-plug,  piston  and 

fuel    are    commented     upon    somewhat    briefly.       The 

•  ncludes    (a)    that  scaling-down   of  design   in 

.-engine  cylinders  is  a  safe  process, 

e  scaling-up  is  decidedly  unsound;    lb)    that,  since 

r>een  the  greatest  cause  of  diffi- 

.   a   consideration   of  the  de- 

capable   of   continuous   full-throttle   operation   is 

demonstrate   the   ease   with   which   the    rela- 

al    difficulties   of   an    air-cooled   car 

on  be  overcome. 

the  subject 

:<ment  of  air-cooled  engine- 

•■  -s    briefly   the   methods 

r.eering    Division    in   developing   and 

both  air  and  water-cooled 

scusses  -  ilti  obtained  with 

I    in    the 

■   .-  .'      ■       ■■•".•: 

and   commented    upon, 

t)u!ar    data    that    are 

f   at  Laboratory   exp< 

ha  .  rig  is  related,  to- 

ental  results  with 

Subsequently,  many  air  and 

na   are   made,   the   conclu- 


.■ 


- 


■  g  'II vi- 


sion being  that  there  will  be  a  rapid  and  healthy 
growth  of  the  air-cooled  type  of  powerplant  for  auto- 
motive vehicles. 

Appendix  2,  by  E.  H.  Dix,  Jr.,  has  as  its  subject  the 
foundry  production  of  air-cooled  cylinders  with  the  fins 
integrally  and  first  describes  the  experience  of  the 
Engineering  Division  foundry  in  casting  aluminum- 
alloy  cylinder-heads,  numerous  illustrations  of  castings 
being  included.  The  suitable  gating  for  aluminum- 
alloy  casting  is  discussed,  supplementary  illustrations 
being  presented,  and  the  conclusion  is  reached  that 
the  experience  related  tends  to  show  that  air-cooled 
cylinder-head  castings  of  the  types  illustrated  are  far 
from  being  bad  production  propositions. —  [Printed  in 
the  January,  1923,  issue  of  The  Journal] 

THE  DISCUSSION 

L.  H.  Pomeroy: — My  experience  with  automotive  en- 
gines generally  is  that  no  small  amount  of  the  difficulty 
in  maintaining  silence  of  working  and  general  freedom 
from  erratic  behavior  is  related  Id  temperature  variation. 
I'  -'•••m-  to  me  that  any  development  that  increases  the 
temperature  range  in  an  engine  is  to  be  regarded  with 
suspicion.  There  is,  of  course,  ample  evidence  that  air- 
cooled  engines  are  reliable  mechanically,  but  the  buying 
public  demands  silence  as  a  first  condition.  Further- 
more, this  question  of  temperature  and  its  effect  upon 
bearing  clearance  is  intimately  connected  with  what  may 
l>e  termed  local  vibrations  such  as  those  arising  from 
loose  wristpina,  camshaft  bearings,  and  the  like.  Even 
starting  from  cold  seems  to  have  its  difficulties,  although 
my  experience  of  this  is  confined  to  one  or  two  examples. 
Nevertheless,  it  is  reasonable  that  the  volume  of  water 
in  a  water-cooled  system  acts  as  a  thermal-storage  ar- 
rangement, preventing  the  engine  from  rapidly  getting 
chilled  to  the  bone  so  that  the  oil-films  in  every  bearing 
become  glutinous. 

.Mr.  Heron  apologizes. for  the  high  internal  friction  of 
the  universal  test-engine.  Is  there  any  difference  be- 
tween the  air  and  the  water-cooled  cylinders  in  this  re- 
spect? If  the  effect  of  air-cooling  is  to  cause  a  greater 
vitiation  of  the  qualities  of  the  lubricant  on  the  cylinder 
wall  than  is  now  the  case,  the  effect  on  the  mechanical 
efficiency  at  part  throttle  is  a  serious  matter,  particularly 
much  horsepower  to  drive  the  engine  as  it 
to  drive  the  car  at  Bpeeds  of  the  order  of  20  m.p.h. 

I  P.  Grimes:  Mr.  Heron  bat  gone  into  many  thing* 
that  the  automobile  builder  might  not  meet  because  he 
has  not  found   it  ne<<  .  |op  BUch    high   brake 

mean-effective    pn  tx.    Heron    merit  ions.     We 

feel  that,  whereas  the  circumferential  fin  might  lower 
erature  in  its  immediate  vicinity,  there  ia  a  con- 
siderable gain  in  having  the  fin  parallel  with  the  axis  of 
the  cylinder,  much  as  we  base  shown  it,  as  it  assists 
tly  in  tarrying  the  heat  from  the  head  through  the 
fin  down  to  the  lower  parts  of  the  cylinder,  to  be  radiated 
better  there,  perhaps,  than  could  be  done  if  there  were 
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a  single  fin  around  the  circumference  at  the  head,  or 
combustion-chamber,  only,  because  the  other  fins  could  not 
communicate  with  that  particular  fin  in  taking  away  and 
dissipating  the  heat. 

In  following  water-cooled  practice  very  closely  for  12 
years,  I  have  observed  this:  Supposing  that  the  air-tem- 
perature were  about  94  deg.  fahr.  and  that  the  automobile 
were  traveling  on  a  level  road  with  a  water-cooled  radi- 
ator, it  would  be  found  that  the  air  passing  through  the 
water-cooled  radiator  would  rise  in  temperature  from  26 
to  29  deg.  fahr.  while  averaging  from  25  to  50  m.p.h.; 
whereas,  in  our  car,  under  the  same  conditions  of  load, 
pavement  and  air-temperature,  the  air  would  rise  in 
temperature  a  little  more  than  80  deg.  fahr.  In  other 
words,  every  cubic  foot  of  air  worked  on  in  the  air-cooled 
system  would  suffer  a  rise  in  temperature  a  little  more 
than  twice  that  in  the  water-cooled  system. 

I  was  pleased  to  hear  that  the  Engineering  Division 
has  developed  a  fan  that  has  an  efficiency  of  74  or  75 
per  cent.  That  is  the  first  fan  of  that  type  with  so  high 
an  efficiency  that  I  have  heard  about.  In  my  experience, 
the  efficiency  of  a  fan  behind  a  radiator  is  decreased  be- 
cause the  radiator  and  the  engine  are  so  close  to  the  fan 
that  the  latter  cannot  work  as  it  should.  The  result  is 
that  the  air-efficiency  of  the  fan  is  very  low;  whereas,  in 
air-cooled  practice,  we  place  the  fan  in  a  scroll  housing 
and  have  been  able  to  get  from  65  to  68  per  cent  actual 
efficiency  in  moving  the  air.  The  air-cooled  engine  has, 
of  course,  no  water-pump.  In  our  construction  the  fan 
is  directly  on  the  crankshaft  and  has  no  extra  bearing- 
losses.  The  fan  has  an  efficiency  from  two  to  three  times 
that  of  the  average  fan  behind  the  radiator. 

Regardless  of  the  cooling  medium  used,  the  average 
engine  must  dissipate  a  certain  average  amount  of  heat 
by  way  of  its  radiating  system  for  any  given  average 
speed  of  operation.  The  direct  air-cooling  method  allows 
us  to  raise  the  temperature  of  each  cubic  foot  of  air 
handled  more  than  twice  the  amount  possible  when  using 
a  water-filled  radiator-core  and,  at  the  same  time,  main- 
tain a  cooler  cylinder-head.  It  also  allows  us  to  build  our 
fan  into  a  scroll  and  operate  it  at  an  efficiency  of  from 
two  to  three  times  that  possible  when  using  a  blade  fan 
close-up  behind  a  cellular  radiator.  It  avoids  the  power 
loss  incident  to  a  water-pump  and,  in  our  case,  avoids  the 
use  of  a  belt  drive  with  its  inherent  power  loss,  to  say 
nothing  of  the  expense  and  care  of  the  additional  fan 
bearing  usually  required.  By  careful  measurement,  our 
cooling  fan  was  found  to  absorb  less  than  0.3  hp.  at  a 
car  speed  of  20  m.p.h. 

The  question  of  starting  has  been  brought  up  by  Mr. 
Pomeroy,  who  spoke  about  the  engine's  cooling-off  rap- 
idly as  soon  as  it  was  stopped.  I  cannot  see  but  what 
that  speaks  very  favorably  for  the  efficiency  of  the  cool- 
ing system.  Briefly,  in  our  latest  car  we  have  an  elec- 
tric heater-coil  in  the  carbureter  in  conjunction  with  a 
distinct  and  separate  carbureter  auxiliary  to  the  main 
instrument.  If  a  button  on  the  dashboard  is  pushed, 
this  will  raise  a  valve  from  the  auxiliary  carbureter  to 
the  main  yoke  passage.  It  will  allow  80  amp.  of  current 
to  flow  through  a  heating-coil,  one  end  of  which  is  sub- 
merged in  gasoline,  the  whole  coil  being  insulated  from 
the  carbureter  by  a  porcelain  tube.  At  20  deg.  below 
zero,  fahr.,  at  which  temperature  I  remember  having  seen 
these  tests  conducted,  it  was  necessary  to  push  the  button 
for  40  sec.  This  allowed  80  amp.  of  current  to  flow- 
through  the  heating-coil,  which  developed  a  red  heat,  and 
transformed  the  liquid  fuel  that,  in  this  case,  was  very 
nearly  kerosene,  the  ordinary  fuel  purchased  at  a  filling 
station,   into  what  looked  to  me  to  be  a  kind  of  gray 


fixed-gas.  It  did  not  seem  to  condense  on  metal  of  any 
kind  and  seemed  to  flow  up  through  the  suction  yoke. 
Forty  seconds  was  sufficient  time  to  heat  up  the  chamber 
and  to  produce  a  sufficient  volume  of  gas  to  fill  entirely 
the  suction  yoke  of  the  engine.  The  next  operation  in 
starting  was  to  push  the  starting-switch,  as  always  is 
done,  and  draw  400  amp.  of  current,  as  is  the  case  with 
any  engine  of  similar  size.  After  the  engine  had  been 
turned-over  for  not  to  exceed  5  sec,  to  get  a  charge  into 
the  cylinder,  it  started.  If  desired,  the  engine  would 
continue  to  run  on  this  small  auxiliary  carbureter,  at  a 
road  speed  of  18  m.p.h.,  and  with  a  five-passenger  load, 
for  a  week. 

I  wish  especially  to  call  attention  to  the  fact  that, 
whereas  we  were  using  80  amp.  of  current  for  40  sec, 
this  is  far  less  than  the  400  to  450  amp.  that  would  be 
required  to  crank  the  engine;  in  other  words,  we  used 
not  to  exceed  one-third  the  energy  from  the  storage- 
battery  that  is  customary  on  many  other  cars.  After  this 
primer  has  produced  the  fixed  gas  and  has  allowed  the 
spark-plugs  to  work  upon  a  combustible  mixture  and  to 
start,  the  entire  exhaust  of  the  engine  is  passed  through 
a  cast  aluminum  vaporizing  heater  that  is  located  di- 
rectly above  the  carbureter.  This  heater,  when  a  room- 
temperature  of  84  deg.  fahr.  prevails,  transforms  the  gas- 
oline and  the  air  into  a  dry  condition,  with  a  temperature 
of  160  deg.  fahr.  =t  5  deg.  fahr.,  throughout  the  entire 
range  of  the  engine,  with  the  throttle  either  wide-open  or 
in  ordinary  running  position,  excepting  that  at  15  m.p.h. 
and  less  it  is  slightly  cool.  If  a  draft  of  air  on  the 
crankcase  is  provided,  to  maintain  the  oil  at  a  reason- 
able temperature,  this  powerplant  can  be  used  at  100  to 
110  deg.  fahr.  in  the  shade,  if  desired,  for  sawing  wood 
or  pumping  water  all  day,  without  need  of  worry  about 
the  cooling  or  the  heat  effects  on  the  engine. 

H.  S.  McDewell: — Although  I  have  a  more  or  less 
open  mind  on  the  subject  of  air  and  water-cooled  en- 
gines, it  is  impressed  upon  me  that,  if  the  same  quality 
of  research  brain-power  and  quantity  of  research  en- 
deavor had  been  put  into  the  problem  of  water-cooling 
as  have  been  put  into  the  problem  of  air-cooling,  the  re- 
sulting water-cooled  engine  would  differ  as  much  from 
its  present  type  as  does  the  present-day  high-duty  air- 
cooled  engine  from  the  original  attempts  with  this  latter 
method  of  cooling.  It  is  my  impression,  an  impression 
that  I  think  is  thoroughly  justified,  that  such  work  as  has 
been  done  in  investigating  the  cooling  of  the  water- 
cooled  engine  has  been  of  a  decidedly  haphazard  nature. 
I  feel,  therefore,  that  there  is  a  vast  field  for  improve- 
ment in  water-cooling,  and  that  some  of  the  handicaps 
and  limitations  that  have  been  placed  on  it  by  the  work 
of  Mr.  Heron  and  his  associates,  both  in  this  Country  and 
in  England,  should  be  overcome. 

With  regard  to  the  so-called  grafting  of  aircraft  prac- 
tice on  post-war  cars,  it  would  seem,  particularly  with  the 
cars  in  which  such  practice  is  advertised,  that  the  en- 
gineers and  the  designers  responsible  have  failed  to 
keep  in  sufficiently  close  touch  with  actual  aircraft  de- 
sign and  development  to  be  able  to  approach  good  air- 
craft practice  even  relatively,  and  it  is  to  this  fact  that 
failure  has  been  due.  In  some  cases  actual  aircraft 
practice  has  been  used,  but  not  advertised.  In  these 
cases,  the  results  have  been  entirely  satisfactory.  Suc- 
cessful aircraft  practice  is  nothing  but  good  design  and, 
therefore,  if  incorporated  into  any  machine,  it  must  be 
successful  provided  the  service  conditions  are  not  such 
as  to  prohibit  its  use.  The  fact  that  tests  of  the  single- 
cylinder  engine  apparently  cannot  be  approached  exactly 
in  the  multi-cylinder   engine   does   not,    in   my   opinion, 
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lied  engine.-,  the  trouble  might  possibly  be  caused 
by  the  fact  that  the  heat  transmitted  from  the  piston 
skirt  and  rings  to  the  cylinder  wall  by  way  of  the  sleeve 
or  sleeves  would  be  much  less  than  in  the  case  of  direct 

transmission,  such  as  OCCUn  in  a  normal  type  Of  engine. 

1    cannot    help    feeling   that    Mr.    Heron   has    neglected 

ooling  in  his  paper.    He  has  talked  entirely  about  air- 

d-cylinders  and  has  altogether  neglected  to  state  that 
the   average   air-cooled   engine,    and    wal  d    engine 

•  t  that  matter  is  to  a  large  extent  oil-cooled.    Hi  does 

whether,  when  he  used  the  internally  cooled 
valve,  he  depended  on  oil  for  the  external  abstraction  of 
the  heat  from  the  valve.  It  has  been  my  experience  that 
when  an  attempt  is  made  to  direct  the  flow  of  air,  as  is 
th  circumferential  tins,  particularly  when  the 
air  is  stirred-up  by  a  propeller-type  fan,  the  baffling  re- 
quired is  not  as  simple  as  it  appears  at  first  sight;  in 
fact,  it  is  a  difficult  matter  requiring  considerable  time 
and  experiment. 

At  the  present  state  of  the  art.  I  hardly  think  that 
an  exhaust  turbine-driven  fan  is  a  commercial  possibility. 
My  impression  has  been  that,  a!  McCook  Field,  it  has 
been  a  case  of  about  1  hr.  of  flight  and  2-1  hr.  of  over- 
hauling of  the  turbine-driven  unit,  although  such  con- 
ditions may  have  been  improved  since  I  was  familiar 
with  them. 

I  wish  to  commend  Mr.  Heron  on  his  statement  of 
views  with  regard  to  the  inadvisability  of  scaling-up  de- 
signs and  the  entire  safety  of  scaling  them  down.  Start- 
ing with  large  dimensions  is  much  more  apt  to  cause 
trouble  than  starting  with  small  dimensions.  If,  with  a 
large-dimension  design,  it  is  possible  to  overcome  all 
troubles,  the  inference  is  that  when  an  attempt  is  made 
to  build  smaller  engines  of  the  same  relative  design,  the 
troubles  overcome  in  the  large  design  will  not  be  en- 
countered. 

Thomas  Midglky,  Jr.: — There  is  not  much  that  I  can 
add  to  what  most  of  you  have  already  seen.  The  copper- 
cooling  development  is  a  perfectly  obvious  thing.  The 
substitution  of  copper  for  cast-iron  is  due  to  the  fact 
that  copper  is  the  better  conductor  of  heat ;  with  the  same 
disposition  of  material  an  engine  is  cooled  better  by 
using  copper  than  by  using  a  ferrous  metal.  The  de- 
velopment of  the  copper-cooled  car  was  not  so  much  the 
development  of  a  cooling  system  as  it  was  the  develop- 
ment of  a  car.  We  felt  that  we  had  a  good  engine  and 
ed  a  good  car  to  put  it  in. 
MB.  GbiM!  - :  What  is  the  method  of  putting  the  cop- 
per on  cast-iron  cylinders?  What  are  the  temperatures  of 
the  air  coming  from  the  fins,  and  the  operating  tempera- 
tures of  the  head,  or  of  the  walls  of  the  cylinder,  under 
either  level-road  or  full-power  conditions? 

Mr.  MlDGLEl  :  We  take  a  well-finished  cast-iron  cylin- 
der and  then  braze  on  the  copper  tins.  A  research  prob- 
lem was  involved  in  handling  the  brazing  operation,  as 
well  as  some  technical  details  that  had  to  lie  mastered. 
I  do  not  know  the  actual  temperature  of  the  air  leaving 
tins,  but  .'    100  deg.  cent.   (212  deg.  fahr.) 

above    normal    room-temperature.      The    temperature    in 
engine  with  a   wide-open   thro  not  compare 

unfavorably  with  the  temperature  that  exists  in  a  water- 
Under  under  the  same  conditii 
MB.  POMEBOY: — Does  that   depend  on  the  fact  that  the 
cylinder-    were    -mall    in   dimension.-'.'      Would    the    same 
||g  hold  for  a  larger  cylinder'.' 
Mr.   MlDCLEY:      Yea.     We  have   run  break-down   b 
iur  engine-.     We  get  the  same  brake  mean-effective 
-    engine  is  just  as  good.     After  several 
thousand   mile.-    of  operation,  a   water-cooled   engine,  as 
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compared  with  a  copper-cooled  or  air-cooled  engine,  has 
lime,  calcium  salts  and  all  sorts  of  impurities  in  it,  for 
the  water  found  around  the  United  States  is  not  water, 
but  a  salt  solution.  About  1-16  in.  is  left  on  the  outside 
of  the  cylinder,  inside  the  water-jacket,  and  what  good 
does  it  do  to  put  the  water  around  it  after  that?  Many 
cars  are  sold  for  the  third  and  fourth  time,  not  because 
the  bearings  have  become  loose,  but  because  there  is 
about  1-16  in,  of  lime  outside  of  the  cyinder,  and  then 
the  engine  runs  roughly  as  a  result.  If  you  could  get 
the  lime  out,  you  would  again  have  a  fair  operating 
mechanism.  The  copper-cooled  engine  runs  at  approxi- 
mately the  same  temperatures  as  a  water-cooled  engine 
under  the  same  conditions.  The  hot  gas  inside  the 
cylinder  does  not  know  in  what  way  it  is  being  cooled 
on  the  outside;  it  merely  knows  how  well  it  is  being 
cooled. 

C.  L.  Lawrance: — There  is  expansion  in  the  cylinders 
of  air-cooled  engines,  causing  greater  valve  clearances 
when  hot,  but  there  is  also  expansion  in  the  cylinders  of 
water-cooled  engines  that  have  the  standard  overhead- 
valve  and  push-rod  and  increased  clearance.  Neverthe- 
less, many  first-class  cars  are  built  with  this  method  of 
valve  operation.  If  there  is  trouble  from  the  enlarged 
clearance  due  to  such  expansion,  it  is  possible  to  regulate 
the  clearance  so  that  it  will  stay  practically  the  same  at 
all  cylinder  temperatures.  With  properly  designed  pis- 
tons, I  cannot  see  that  there  should  be  any  more  noise 
from  a  properly  designed  air-cooled  engine  than  from  a 
water-cooled  engine. 

It  has  been  said  that  there  is  an  unusually  high  fric- 
tional  resistance  in  a  single-cylinder  air-cooled  engine. 
This  is  equally  true  of  water-cooled,  single-cylinder  test- 
ing engines.  I  believe  that  they  do  not  differ  in  any 
respect;  in  fact,  there  is  very  little  frictional  resistance 
in  some  air-cooled  engines.  I  know  of  one  engine  tested 
at  McCook  Field  that  showed  a  mechanical  efficiency  of 
92  per  cent. 

Mr.  Grimes  has  said  that  the  high  mean-effective 
pressures  mentioned  by  Mr.  Heron  are  not  required. 
That  is  true.  As  high  mean-effective  pressures  are  not 
required,  the  extreme  cooling  required  in  aircraft  prac- 
tice also  is  not  necessary,  but  it  seems  to  me  that  it  is 
desirable  to  remove  the  heat  from  the  place  nearest  to 
the  point  at  which  it  is  produced,  the  combustion-cham- 
ber. Why  is  it  not  logical  to  cool  the  top  and  sides  of 
the  combustion-chamber,  and  not  merely  the  sides  and 
barrel  of  the  cylinder?  If  that  were  done,  it  would  be 
possible,  probably,  to  have  less  cooling  medium  and  a 
slower  flow  of  air  and,  perhaps,  to  use  less  power  in 
the  blower. 

In  water-cooled  engines,  it  is  usual  to  cool  the  cylinder- 
head.  It  seems  to  me  that  the  greatest  tribute  to  air- 
cooling  is  the  fact  that  engines  can  run  satisfactorily 
with  practically  no  cylinder-head  cooling.  With  proper 
study  of  the  conditions  of  the  head,  air-cooled  engines 
for  motor  cars  can  be  made  to  cool  in  the  same  sizes  as 
engines  with  practically  no  cooling  except  the  very  small- 
est flow  of  air  over  the  head. 

C.  B.  Dicksee: — There  are  many  advantages  to  be 
claimed  for  longitudinal  fins,  chiefly  because  all  the  cool- 
ing air  passes  directly  where  it  is  most  needed,  over  the 
cylinder-head,  particularly  if  the  direction  of  airflow  is 
that  adopted  by  two  builders  of  air-cooled  cars,  in  which 
the  cold  air  strikes  directly  on  the  hottest  part  of  the 
engine. 

There  is  no  reason  why  there  should  be  any  doubt 
about  the  kind  of  junction  between  the  steel  fin  and  the 
iron  barrel  with  cast-in  steel  fins.    Our  firm  builds  small 


engines  that  use  this  type  of  cylinder.  When  cylinders 
have  been  cut-up,  we  have  found  that  the  weld  between 
the  fin  and  the  iron  barrel  is  perfect.  These  cylinders 
require  care  and  attention  in  the  foundry,  but  are  pro- 
duced readily  at  a  low  cost.  When  a  nail  or  some  light 
steel  instrument  is  run  round  on  the  fins,  they  will  ring 
like  a  bell  if  tight ;  if  they  are  not  tight,  they  will  jangle. 
Whenever  we  have  cut-up  a  cylinder  that  has  rung  true, 
it  has  invariably  been  found  to  have  a  perfect  weld. 

The  microphotograph.  Fig.  38,  shows  that  the  weld  we 
obtain  is  perfect.  The  white  part,  which  is  the  fin,  tapers 
off  to  a  point.  That  is  because  the  steel  has  actually  been 
washed  away  by  the  iron  in  producing  the  weld;  about 
50  per  cent  of  the  steel  that  was  inserted  into  the  iron 
has  actually  been  fused  away.     Fins  are  not  all  fused 


Fig.    38 — Microphothgraph   of  the  Joint  between   an   Iron  Air- 

craft-Enginh  Cylinder  and  the  Steel  Radiating  Fin  That  Was 

Welded  in  Place 

away  to  the  same  extent,  but  there  is  invariably  a  cer- 
tain amount  of  washing  away  and  perfect  adhesion  in 
almost  every  case.  We  get  scarcely  any  cylinders  now 
that  fail  to  ring  true. 

With  reference  to  cleaning  the  cylinders,  where  the 
ends  of  the  fins  are  turned  over  there  is  possibly  some 
difficulty  in  cleaning  the  ducts  of  longitudinal  fins,  but 
compressed  air  will  clean  them  as  readily  as  it  will  clean 
circumferential  fins,  whereas  a  piece  of  stovepipe  put  on 
over  the  fins  is  easily  slipped  off  and  the  duct  cleaned 
out  with  a  brush.  I  have  found  that  a  considerable 
amount  of  filth  has  very  little  effect  on  the  cooling.  The 
air  in  the  neighborhood  in  which  our  plant  is  located  is 
particularly  dirty  and  engines  that  have  been  run  for 
protracted  periods,  some  of  them  more  than  2000  hr.  on 
full  load,  have  been  found  to  have  the  cooler  parts  of 
the  cylinder  completely  covered  with  fluff  and  filth,  but 
the  engines  worked  perfectly  under  those  conditions. 
Where  the  temperature  is  high  enough  to  dry  off  oil, 
the  dirt  will  not  stick. 

Referring  to  Mr.  Heron's  statements  as  to  the  pressure 
loss  with  longitudinal  fins,  we  have  measured  the  loss 
of  air  pressure  through  the  ducts  and  have  found  the 
chief  loss  to  be  an  entry  loss ;  that  is,  most  of  the  air 
pressure  is  used  in  accelerating  the  air  from  the  slow 
stream   approaching   the   cylinder   to   the   rapid   stream 
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the  bottom. 
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■ok  one  of  our  machines  to  a  refrigerating  plant  and 
froze  it  up  ovt  I  deg.  below  zero  fahr.     Using 

tad  been  in  that  temperature  all  night, 
irted  on  the  second  cycle  of  cranking.     The 
a  clearance  is  0.002  in.    A  water-cooled  engine  under 
those  conditions   would   have   had   to   have    its   rail 
drained  overnight  and  would  be  as  cold  as  an  air-cooled 
to  me,  therefore,  that  the  question  of 
ime  for  both  machines.     Once  an  air- 
cooled    engine    has    started    it    warms-up    very    rapidly ; 

:n  cold  weather,  a  water-cooled  engine  spu 
for  a  considerable  period.    The  trouble  with  the  starting- 
motor-  is.  I  thir.k.  due  to  the  fact  that  most  air-cooled- 
car  builders  up  to  the  present  have  used  a  doublerpurpose 
machine  that  has  to  be  wound  to  act  both  as  a  starting- 
•  a  lighting  generator,  and  produce  the  nec- 
essary torque  at   low  speeds.     Consequently,   it    is  con- 
rably  larger  than  a  standard  machine. 
C.  A.  N  the  head  of  the  copper-cooled 

ooled?     I  noticed  there  is  no  finning. 
Mr.  Midglky: —  Heat   flows  from  the  head  to  the  fins 

-  of  the  cylinder. 
Mr.    NBVTNS: — What    insulating  material    is   used   be- 
••  manifold  and  the  head  of  the  cylinder?     Is  it 
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irate  casting,  with  the 
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fahr.  in  the  shade,  the  cylinder-head  is  the  hottest 
point,  except  the  exhaust-valve  itself,  and  reaches  a 
temperature  of  about    190  deg.   fahr.     By  choking-ofl  the 

lOling,  1  have  raised  the  temperature  to  450  deg. 
fahr.  1  have  operated  the  engine  at  660  dog.  fahr.  A 
temperature  of  660  deg.  fahr.  melted  a  hole  in  the  piston. 
When  operating  normally  at  110  deg.  fahr.  in  the  shade, 
the  cylinder-head  temperature  does  not  exceed  400  or 
eg.  fahr. 

We  made  a  series  of  economy  runs  at  20  m.p.h.,  with 
a  cylinder-head  temperature  of  190  deg.  fahr.  When  we 
1  that  temperature  to  125  deg.  fahr.,  the  average 
of  tive  runs  showed  that  there  was  a  difference  iii  the 
economy,  or  miles  per  hour,  of  not  to  exceed  1  per  cent. 
That  was  not  brought  about  solely  by  the  cylinder-tem- 
perature. If  we  did  not  have  the  exhaust-heated 
vaporizer  thai  really  converts  the  carbureted  gases  into 
a  dry  and  more  or  less  perfect  vapor,  the  cylinder-head 
temperature  would  control  the  economy;  but,  since  we 
linders  a  gas  that  is  dry,  or  practically  so, 
at  a  temperature  around  150  deg.  fahr.,  the  cylinder- 
head  temperature  is  no  longer  a  factor  in  economy. 

S.  D.  Heron: — High  brake  mean-effective  pressure, 
high  output  and  large  cylinders  were  stressed  in  the 
paper  to  show  the  relative  ease  with  which  an  air-cooled 
■  ngine  can  be  cooled.  If  it  is  possible  to  produce 
cylinders  with  an  output  of  40  to  50  hp.  per  cylinder 
that  will  run  on  full  throttle  for  8  hr.  per  day  without 
cooling  or  other  trouble,  there  should  be  no  difficulty  in 
producing  an  efficiently  cooled  automobile  engine.  In  this 
connection,  it  is  well  to  consider  that  a  240-cu.  in.  capa- 
city automobile-engine  will  run  most  of  its  time  with  an 
output  of  less  than  10  hp.,  whereas  an  aircraft  engine  of 
similar  capacity  must  lie  capable  of  delivering  about 
70  hp.  at  a  speed  of  about  1800  r.p.m.  continuously. 

Cooling  is  really  the  least  of  the  difficulties  with  an  air- 
cooled  car-engine;  this  point  should  really  give  no  trouble 
at  all.  Silence  is  likely  to  be  the  most  troublesome  fea- 
ture. The  problem  of  silence  has  been  very  satisfactorily 
solved  in  at  least  one  air-cooled  car  now  on  the  market, 
but  it  is  likely  that  attempts  to  produce  air-cooled  car- 
engines  capable  of  continuous  high  speed,  say  60  m.p.h. 
and  more  with  engine  capacities  of  200  cu.  in.  or  less, 
may  tate   the    development    of   much    new-design 

ire  such  performance  with  real  engine- 
silence.  If  an  air  r-engine  with  the  quality  of  ex- 
treme silence  of  operation  is  required,  the  sleeve-valve 
type  is  well  worthy  of  consideration,  and  I  think  that  there 
is  little  doubt  that  this  type  of  engine  can  be  air-cooled 
successfully. 

When  Mr.  Pomeroy  speaks  of  raising  the  temperature 
of  the  mass  of  material  around  the  bearings  by  200  deg. 
fahr.,  I  can  only  assume  that   he  is  exercising  his 
of  humor.  That  he  should  believe  that   the  bearing  t<  m- 
peratures  in  air-cooled  en;  decent  design  are  200 

deg.   fahr.  higher  than   in   water-cooled  engines  does  not 
ible,  any  more  than  it  would  seem  possible  for 
bearing-  working  under  such  a  handicap  to  function  for 
anything  but  a  very  limited  period.    .Mr.  Pomeroy  jibes  at 
the  starting  qualities  of  air-cooled  engines,  while  know- 
full  well,  of  course,  that  the  cooling     i   ''tn  has  little 
or  nothing  to  do  with  the  starting  of  an  engine.     The 
of  air-cooled  engine-  at   McCook  Field  is  at  least 
that    of   the   water-cooled    types.      In    most 
.  air-cooled  aircraft -engines  are  started  by  priming, 
aging  the   propeller   for  a   few   revolutions   and   using 
the  I  magneto  with  the  crankshaft  at  rest.     Kven 

with  an  air  temperature  of  ]0  deg.  fahr.,  a  gen- 

erally obtained  at   the  third  or  fourth  attempt.     It  would 
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be  of  interest  to  know  how  many  water-cooled  car-engines 
would  respond  to  such  starting  methods  with  an  air 
temperature  of  10  deg.  fahr. 

While  apologies  are  due  for  the  high  internal  friction 
of  the  universal  test-engine  used  at  McCook  Field,  and 
this  is  true  of  most  single-cylinder  test-engines,  it  may 
be  well  to  notice  that  the  apology  is  equally  due  whether 
the  cylinder  under  test  is  air  or  water-cooled.  Reference 
to  Table  2  in  the  paper  clearly  illustrates  this  point.  The 
friction  mean-effective  pressure  of  radial  air-cooled  en- 
gines has  in  general  proved  to  be  less  than  15  lb.  per 
sq.  in.,  which  is  at  least  as  low  as  that  of  most  water- 
cooled  car  engines.  That  we  are  dealing  with  very  high 
internal  temperatures  in  air-cooled  engines  is  very  much 
open  to  doubt.  The  tests  detailed  in  Table  4  of  the  paper 
show  that  a  Liberty  cylinder  with  0.025  in.  of  scale  on 
the  walls  runs  about  as  hot  as  an  air-cooled  cylinder  of 
equal  output.  It  is  not  unusual  to  find  3-16  in.  of  scale 
in  a  water-cooled  engine  of  aircraft  type,  to  say  nothing 
of  what  is  likely  in  badly  cooled  water-cooled  car-engines ; 
thus  the  wall  temperatures  attained  under  such  condi- 
tions are  likely  to"  be  at  least  as  high  as  in  air-cooled 
engines. 

Chairman  T.  J.  Li'tle,  Jr.: — What  about  the 
radiator? 

Mr.  Heron  : — On  the  Mexican  border  considerable 
trouble  is  experienced  with  scale  in  aircraft  radiators. 
I  have  heard  of  cases  where  replacement  was  necessary 
after  only  3  weeks  of  service. 

My  remarks  on  axial-fin  cylinders  were  made  to  point 
out  that  there  are  other  methods  of  designing  air-cooled 
engines.  Mr.  Grimes  and  other  speakers  have  referred 
to  the  advantages  of  the  axial-fin  type  of  cylinder,  claim- 
ing among  them  that  (a)  the  heat  is  conducted  across  the 
head  to  the  fins  on  the  barrel,  and  there  is  dissipated; 
(b)  the  axial  fin  conducts  the  heat  down  the  barrel  to  the 
lower  end,  tending  to  equalize  the  temperature  distribu- 
tion; and  (c)  the  cold  cooling  air  is  directed  on  the  point 
where  it  is  most  needed. 

Regarding  claim  (a),  this  is  admitting  that  no  attempt 
is  made  to  dissipate  the  heat  at  the  point  where  it  is 
received  by  the  w:all.  There  is  no  question  that  the  most 
efficient  cooling  is  obtained  in  any  engine,  whether  air 
or  water-cooled,  if  the  heat  given  to  the  walls  is  dissi- 
pated almost  entirely  at  the  point  of  reception.  The 
circumferentially  finned  aircraft-engine  type  of  air- 
cooled  cylinder  with  the  crown  of  the  head,  the  valve- 
seats  and  the  ports  thoroughly  finned,  and  with  free 
access  of  air  to  all  the  fin  cells,  approaches  the  condition 
of  heat  dissipation  at  the  point  of  reception  much  more 
closely  than  any  axial-fin  type  yet  seen.  With  an  air- 
craft type  of  cylinder,  removal  of  the  fins  from  the 
barrel  has  very  little  effect  on  performance,  but  the  re- 
sult is  very  different  if  the  barrel  finning  is  left  and  the 
head  finning  removed,  disastrous  overheating  being  the 
immediate  result. 

Chairman  Li'tle: — That  is  because  the  engine  is 
running  wide-open.  That  would  not  necessarily  apply 
to  a  passenger  car. 

Mr.  Heron  : — No.  On  the  other  hand,  by  using  highly 
efficient  cooling  methods,  much  less  air  is  required;  this 
results  in  an  engine  that  warms-up  quickly  and  has  a 
low  friction  loss.  When  the  power  required  to  propel  a 
car  at  25  m.p.h.  is  considered,  the  percentage  of  the  in- 
dicated power  normally  wasted  in  engine  friction  alone 
is  appalling. 

Regarding   claim    (b),   the    axial    conduction    of   heat 
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down  the  cylinder  barrel  in  circumferential-fin-type  cylin- 
ders is  achieved  readily  by  the  use  of  a  thick-section 
barrel.  This  would  seem  to  be  a  more  certain  method  of 
securing  axial  heat-flow  than  by  conducting  the  heat 
from  the  barrel  across  the  doubtful  thermal  joint  of  a 
cast-in  piece,  to  the  fin,  and  thence  down  the  fin  to  the 
base  of  the  barrel.  Claim  (c)  is  really  rather  amusing 
in  view  of  the  fact  that  most  users  of  axial  finning  prac- 
tically ignore  the  need  for  head  cooling  by  either  omit- 
ting head  finning  entirely  or  using  such  a  fin  layout 
that  the  cooling  air  practically  is  prevented  from  pene- 
trating to  the  hot  surfaces  most  requiring  it. 

A  parallel  to  the  cooling  conditions  of  the  average 
flat-head  axial-fin  cylinder  would  be  produced  by  a  water- 
cooled  engine  without  water  around  the  valve-seats,  the 
guides  and  the  ports.  Much  of  the  valve  trouble  in 
water-cooled  car-engines  today  is  due  to  a  partial  exist- 
ence of  this  state.  The  designers  who  have  spoken  of 
the  advantages  of  axial-fin  cylinders  have  based  their 
claims  on  experience  of  small-capacity  low-duty  cylinders. 
In  this  connection,  it  is  worthy  of  note  that  no  successful 
large  high-duty  axial-fin  cylinder  has  yet  been  produced. 
That  the  axial-fin  cylinder  works  in  the  sizes  in  which 
it  has  been  produced  is  no  proof  of  its  soundness.  If 
the  advocates  of  this  form  of  construction  would  submit 
their  faith  to  the  test  by  attempting  to  produce  a  6-in.- 
bore  axial-fin  cylinder,  they  probably  would  obtain  a 
very  thorough  knowledge  of  the  advantages  of  scaling-up 
in  showing-up  the  fundamental  soundness  or  unsound- 
ness of  types  of  design  in  internal-combustion-engine 
cylinders. 

Chairman  Li'tle: — What  about  the  relative  advan- 
tages of  the  integral  and  the  brazed-on  fin? 

Mr.  Heron: — The  integral  fin  is  decidedly  a  better 
production  proposition  than  the  attached  fin,  whether 
brazed-on  or  cast-in. 

Chairman  Litle: — How  about  performance? 

Mr.  Heron: — The  limit  in  output  with  integral  fins 
has  yet  to  be  reached.  To  date,  it  has  been  found  possible 
with  integral  fins  to  secure  all  the  cooling  needed  on  any 
cylinder  size  tried  yet. 

That  the  cooling  air  in  the  car  he  represents  has  twice 
the  temperature  rise  that  occurs  in  a  water-cooled  car 
is  claimed  as  an  advantage  by  Mr.  Grimes.  Mr.  Grimes 
states  also  that  the  heat-loss  to  the  cooling-air  is  equal 
in  air  and  in  water-cooled  engines.  I  do  not  know  what 
the  average  heat  dissipation  per  brake  horsepower  is  in 
a  water-cooled  car-engine.  Prof.  E.  H.  Lockwood  spoke 
of  50  to  70  B.t.u.  per  b.hp. 

That  an  engine  causes  a  large  temperature-rise  in  the 
cooling-air  is  by  no  means  an  advantage,  necessarily.  It 
may  mean  merely  that  a  large  amount  of  heat  is  rejected 
to  the  cooling-air  when  it  might  more  usefully  be  given 
out  through  the  crankshaft.  From  Mr.  Grimes'  figures 
in  his  recent  paper  on  Air-Cooling  of  Automotive  En- 
gines2, it  appears  that  the  minimum  heat-loss  from  the 
cylinder  walls  to  the  cooling-air  in  the  engine  he  de- 
scribes is  88  B.t.u.  per  b.hp.,  which  is  at  least  three  times 
as  great  as  it  is  in  an  air  or  water-cooled  aircraft  engine. 

While  standard  service-type  aircraft-engines  will  at 
times  run  300  hr.  in  flight  without  overhauling  of  the 
exhaust-valves  being  necessary,  it  may  be  well  to  point 
out  that  such  a  test  is  much  less  severe  than  a  100-hr. 
full-throttle  test  on  a  single-cylinder  engine.  I  agree 
with  Mr.  McDewell  that  excellent  cooling  can  be  obtained 
with  tulip  valves  having  thick  rims ;  the  thick  rim  is, 
however,  as  explained  in  the  paper,  a  safeguard  against 
local  overheating  if  the  valve  should  start  to  blow  and, 
in  any  case,  it  has  a  tendency  to  reduce  the  temperature 
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craft ago  when  I  was  an  apprentice.  The 
rcas  ed  the  Royal  Aircraft  Establishment  to 
adoj.  -  may  sound  amusing  at  this  date;  while 
•  very  hot-running  air-cooled  engines,  it 
found  that  flat-head  exhaust-valves  always  assumed 
tulip  form  after  a  period  of  running.  This  led  to  the 
obvi  .asion  that  the  tulip  shape  might  well  be 
adopted  for  the  initial  form  of  the  valve.  Neither  gre 
gas-passing  capacity  or  more  efficient  cooling  relative  to 
the  mushroom  type,  now  generally  considered  to  be  at- 
tributes of  the  tulip  type,  had  any  bearing  on  its  adoption. 

I  think  that  an  engine  of  the  B.  S.  A.  type,  thai 
without  a  fan,  would  not  prove  satisfactory  under  con- 
ditions of  constant   low-gear  operation   for  many   miles 
either  through  deep  sand  or  on  steep  mountain  grades, 
design  has  given  excellent  results  on  climbs  of  2 
miles  of  1  in  8  grade  in  low  gear.     Under  these  condi- 
tions, an  excessive   temperature-rise  of  the  cylinder   is 
prevented  by  heat  storage  and  radiation;  and  the  first 
factor,  of  course,  is  subject  to  a  time  limit.    The  cooling 
of  this  car  and  other  British  types  lacking  a  fan  is  really 
surprising  and  demonstrates   the   capability   of   an   air- 
cooled  car-engine.     The  road  conditions  in  this  Country 
>f  course,  very'  much  more  severe  than  in  the  United 
ere  the  lengthy  mountain  grades  and  long 
of  deep  mud  and  sand  found  in  this  Country 
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large  engine  capacities  required  by  the  domestic  market 
large  extent,  balance  the  superior  road 
conditions  that  these  small-capacity  two-cylinder  fanless 
.-•is  enjoy,  and  that  an  air-cooled  engine  that 
will  literally  go  anywhere  in  this  Country  will  need  but 
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eration of  the  cast-iron  cylinder  when  the  very  high  wall- 

temperatures  are  considered.  Probably  the  smooth  out- 
line of  the  hemispherical  combustion-chamber,  with  the 
resultant  smooth  gas-flow  over  the  hot  surfaces  is,  in 
conjunction  witli  the  lack  of  large  red-hot  areas,  mainly 
responsible  for  the  results  obtained,  when  the  cooled 
valve  is  used. 

Oil-cooling  in  air-cooled  engines  was  not  deal!  with  in 
the  paper,  as  this  was  stressed  in  my  paper  on  Some 
Aspects  of  Air-Cooled  Cylinder  Design  and  Develop- 
ment*. The  efficiency  of  the  internally  cooled  valve  is  not 
dependent  on  oil  for  the  external  abstraction  of  heat 
from  the  stem,  although  the  oil  assists  this  as  it  does  with 
a  normal  valve.  The  type  of  internally  cooled  valve 
developed  by  the  Engineering  Division  was  evolved  on 
an  air-cooled  cylinder  with  an  open  valve-gear  and  un- 
lubricated  valve-stems  and  guides. 

Uniform  distribution  of  air-flow  to  V-type  circum- 
ferential-fin air-cooled  engines  has  not  proved  to  be  diffi- 
cult to  secure,  although  of  course  experiment  is  necessary. 
The  R.A.E.  and  Renault  V-type  engines,  having  scoop 
cowls  with  a  propeller  directly  in  front  of  the  entrance 
to  the  cowl,  needed  but  little  in  the  way  of  directional 
baffling.  The  most  suitable  form  of  cowling  is  determined 
readily  by  a  mock-up  of  the  engine,  the  air  being  driven 
into  the  cowling  by  a  fan  and  the  air  distribution  checked 
with  a  small  pitot-head. 

While  the  exhaust  turbine-driven  fan  is  probably  vision- 
ary, it  is  nevertheless  a  possibility  and  was  mentioned 
on  that  account.  While  the  early  exhaust  turbine  used  at 
the  Engineering  Division  gave  considerable  trouble  with 
overheating,  this  is  no  longer  true  of  the  present  designs 
in  which  the  wheel  apparently  does  not,  under  any  condi- 
tions, reach  anything  near  a  red  heat.  The  whole  gas- 
turbine  itself  is  now  extremely  reliable. 

I  should  like  to  take  this  opportunity  of  expressing  my 
regret  at  the  death  of  Mr.  McDewell  and  my  sympathy 
for  his  family.  By  his  death,  the  industry  loses  a  very 
powerful  influence  toward  progress.  He  was  an  example 
of  that  unfortunately  very  rare  being,  the  extremely  prac- 
tical engineer  who  has  a  thorough  knowledge  of  pure 
science. 

While  there  is  possibly  no  reason  why  there  should  be 
any  doubt  about  the  junction  between  a  cast-iron  barrel 
and  cast-in  steel  fins,  nevertheless,  in  practice,  there  is 
considerable  uncertainty.  Ringing  the  fins  to  detect  un- 
soundness is  an  elaborate  proceeding.  To  admit  that  it  is 
necessary  is  just  another  way  of  stating  that  the  bond 
is  uncertain.  Mr.  Dicksee's  methods  of  testing  merely 
add  to  my  opinion  that  cast-in  pieces  or  inserts  of  any 
description  are  a  nuisance  in  any  foundry.  Any  foundry- 
man  is  well  aware  that  even  cast-in  chaplets  are  likely  to 
be  poorly  bonded  to  the  casting,  and  that  their  use  results 
in  danger  of  leakage  under  pressure  where  they  are  used. 
I  may  say  that  Mr.  Dix  concurs  with  my  opinion  regarding 
the  use  of  cast -in  pieces,  both  of  us  having  had  extensive 
and  rather  unpleasant  experience  with  cast-on  cylinder- 
heads  and  cast-in  valve-seal  inserts.  With  reference  to 
cleaning  axial  fins,  the  matter  is  not  as  simple  as  Mr. 
Dicksee  states;  for  instance,  in  most  overhead-valve  en- 
moval  of  the  (in  jacket  involves  the  detachment  of 
the  intake  and  exhausl  pipe  and  usually  of  pari  of  the 
valve-gear.     In  ai  the  very  presence  of  the  jacket 

means  that  the  presence  of  dirt  is  not  at  once  evident  on 
al  Inspection. 
While  the  presence  of  a  considerable  coating  of  dust  and 
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The  Use  of  Acetone  in  Composite 

Engine-Fuels 


By  H.  F.  Remler1 


INFORMATION  regarding  the  use  of  acetone  in  composite 
fuels  is  not  extensive  in  technical  literature.  Most  of  it 
is  found  in  recent  patents,  the  majority  of  which  have  been 
issued  in  foreign  countries.  This  is  due  to  the  higher  price 
of  motor  fuel  in  those  countries,  which  has  stimulated  the 
search  for  substitutes  for  gasoline.  In  these  inquiries  engi- 
neers have  turned  to  the  first  possible  solution  that  would 
permit  the  use  of  the  present  design  of  engine,  that  is,  a 
composite  fuel."  In  selecting  the  ingredients  of  this  type  of 
fuel,  they  have  aimed  to  utilize  the  various  fuel  components 
obtainable  in  their  particular  localities,  with  the  result  that 
the  ones  available  have  not  always  been  miscible;  or,  if 
miscible,  they  have  possessed  properties  that  are  not  con- 
ducive to  good  results.  To  overcome  these  difficulties,  the 
engineers  have  been  obliged  to  find  a  fuel  that  will  act  as 
a  common  solvent  for  the  various  ingredients  and  to  add 
other  desirable  properties  that  are  sometimes  lacking  in  the 
mixture.  It  appears  from  some  of  the  recent  patents  on 
composite  fuels  that  acetone  has  been  chosen  to  fulfill  this 
purpose. 

The  chemical  structure  of  acetone  differs  somewhat  from 
that  or  ethanol,  or  ethyl  alcohol,  being  of  ketonic  formation. 
Its  chemical  composition,  however,  differs  only  in  that  it 
contains  one  more  carbon  atom  than  ethanol,  their  respective 
empirical  formulas  being  OHO  and  C?H..O.  The  extra  carbon 
atom  gives  acetone  a  higher  B.t.u.  value,  per  pound  or  per 
gallon,  than  ethanol,  since  their  specific  gravities  are  approx- 
imately the  same,  0.792  and  0.789,  respectively,  at  20  deg. 
cent.  (68  deg.  fahr.). 

Comparative  Heating  Values  of  Acetone  and  Ethyl 
Alcohol 

B.t.u.  Per  Lb.        B.t.u.  Per  Gal. 
13,476  89,477 


13,028 


85.985 


Acetone 
Ethyl  Alcohol 

Acetone  is  a  clear,  mobile  liquid  having  an  agreeable  odor 
and  a  peppermint-like  taste,  It  is  inflammable  and  burns 
with  a  white  smokeless  flame.  Concentrations  of  acetone 
vapor  with  air  up  to  2.3  per  cent  will  not  flash.  Above  this 
point,  there  is  a  slight  flash,  increasing  to  and  reaching  a 
maximum  violence  at  a  concentration  of  5.5  per  cent  of  ace- 
tone vapor,  and  settling  down  to  a  quiet  flame  at  10.2  per 
cent.3  Acetone  has  a  boiling-point  of  56.5  deg.  cent.,  or 
approximately  133  deg.  fahr.,  and  is  miscible  in  all  propor- 
tions with  the  various  fuels  used  in  motor  cars. 

Acetone  may  be  manufactured  by  a  number  of  different 
processes.  Prior  to  the  war,  it  was  made  on  a  commercial 
scale  only  by  the  dry-distillation  of  calcium  acetate.  The 
great  demand  created  by  the  war  for  this  chemical  in  the 
manufacture  of  smokeless  powder  and  as  a  vehicle  for  air- 
plane "dope,"  was  the  direct  cause  of  the  developing  of  a 
number  of  new  processes  on  a  commercial  basis.     The  pro- 


1  Industrial  fellow.  Mellon  Institute  of  Industrial  Research.  Uni- 
versity of  Pittsburgh. 

-See  Bulletin  de  I'Association  des  Chemiates  de  Sucrerie  ct  de 
Distillerie  de  France  et  des  Colonies,  vol.  39,  p.   215. 

•See  Journal  of  the  Indian  Institute  of  Science,  vol.  4.  p.  1  :  see 
also  Transactions  of  the  Chemical  Society  of  London,  vol.  111.  p. 
2S7 

4  See  The  Automobile  Engineer,  February.  1921,  o.  51  :  and  March. 

1921.  p.  92. 

5  See  United  States  patents.  Nos.  1,158,367:  1.331.054:  and 
1,360,872:    see    also    British    patents.    Xos.    140.797.    1920:    176.329. 

1922.  addition  to  174.360.  1922;  183,577.  1922:  and  1S5.449.  1922. 

6  See  Berichte  der  Deutschen  Chemischen  Gesellschaft  zu  Berlin, 
vol.  43.  p.  2S21  :  see  also  Bulletin  de  la  Societe  de  la  Chimique  de 
Paris,  vol.   46.  part  2,  p.  268. 


duction  of  acetone  by  the  dry  distillation  of  calcium  acetate, 
however,  is  still  the  leading  method  of  manufacture.  With 
the  acetone  obtained  by  this  process  a  number  of  higher 
ketones  also  are  obtained,  namely  ethyl-methyl  ketone,  and 
light  and  heavy  acetone  oils  that  are  not  secured  from  any 
of  the  other  processes,  and  that  find  an  extensive  use  as  in- 
dustrial solvents. 

At  the  close  of  the  war  there  was  a  far  greater  capacity 
for  the  manufacture  of  acetone  than  was  necessary  to  meet 
any  possible  commercial  demands,  and  consequently  a  number 
of  manufacturers  ceased  to  produce  it,  while  others  were 
compelled  to  operate  their  plants  at  a  reduced  capacity.  The 
present  market  for  this  chemical  is  probably  about  50  per 
cent  of  that  prior  to  the  end  of  the  war. 

Acetone  is  an  excellent  engine  fuel  and  in  fact  ap- 
proaches the  ideal  in  a  number  of  its  properties.  Its  low 
boiling-point  and  the  resulting  high  vapor-pressure  at  ordi- 
nary temperatures  facilitate  the  starting  of  the  engine. 
Its  homogeneity  permits  uniform  evaporation  and  distribu- 
tion, and,  therefore,  it  is  conducive  to  smooth  running.  Its 
low  freezing-point,  — 94.6  deg.  cent.  ( — 138.3  deg.  fahr.), 
prevents  its  solidification  at  the  coldest  winter  temperatures. 

Acetone  will  not  detonate  and  can  be  used  in  an  engine 
with  a  compression-ratio  as  great  as  7  to  1,  or  with  a  com- 
pression-pressure up  to  180  lb.  per  sq.  in.4  It  burns  with  a 
smokeless  flame,  does  not  deposit  carbon  in  the  cylinder, 
and,  as  far  as  can  be  ascertained,  has  no  corrosive  action  on 
the  cylinder  or  the  various  parts  of  the  car  with  which  it 
comes  into  contact. 

To  compete  with  the  other  fuels,  however,  it  would  be 
necessary  to  sell  acetone  at  one-half  the  price  of  gasoline, 
because  of  the  difference  in  the  mileage  obtainable.  It  is  not 
my  idea  even  to  suggest  acetone  as  an  individual  fuel  for 
motor  cars,  as  the  present  price  and  supply  would  not  per- 
mit such  utilization. 

Acetone  is  an  excellent  blending  agent  in  reducing  detona- 
tion.1 It  is  miscible  in  all  proportions  with  all  the  liquid 
fuels  used  in  motor  cars,  and  in  many  instances  the  addition 
of  a  small  percentage  of  acetone  combines  two  immiscible 
liquids  into  a  homogeneous  solution. 

Ethyl  alcohol,  95  per  cent,  as  well  as  methanol,  or  methyl 
alcohol,  are  not  miscible  with  gasoline  in  all  proportions. 
As  the  boiling-point  range  of  gasoline  is  raised,  the  range 
of  miscibility  of  these  fuels  is  decreased,  thereby  making  it 
more  difficult  to  add  liquids  of  a  higher  vapor-pressure  to  the 
heavier  hydrocarbon  fuel  and  thus  increase  its  volatility  and 
distribution  in  the  engine.  These  particular  mixtures  as  well 
as  others  become  miscible  in  all  proportions  on  the  addition 
of  acetone  in  various  amounts,  enabling  also  the  use  of  the 
higher  petroleum  hydrocarbon  fuels. 

The  chief  problems  of  the  present-day  motor  fuel  question 
regarding  the  use  of  heavy  hydrocarbons  are  "fuel-knocks," 
carbon  and  starting.  These  troubles  can  be  reduced  greatly 
by  the  use  of  acetone  in  various  percentages,  depending  upon 
the  boiling-point  range  of  the  hydrocarbon  complex  used  and 
the  compression-ratio  of  the  engine. 

That  acetone  reduces  detonation  when  it  is  used  in  com- 
posite fuels  is  probably  due,  first,  to  the  fact  that  it  reduces 
the  deposition  of  carbon  in  the  cylinders,  and,  secondly,  to 
the  thermolytic  decomposition  that  takes  place  between  600 
and  1000  deg.  cent.  (1112  and  1832  deg.  fahr.),  with  the  for- 
mation of  methane,  ethylene  and  carbon  monoxide.'  This 
reaction  is  endothermic  and  thus  tends  to  lower  the  temper- 
ature in  the  cylinders.  Acetone  also  will  hold  in  solution 
various  percentages  of  water,  depending  upon  the  amount  of 
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.    to    which    acetone    sat  mated    with    acetylene    had    been 
added,    that    a    smoother-running    fuel    was    had,    making    it 
■    to  start  the  engine  and  allowing  a  leaner  mixture  to 
ised. 

\.  etone  is  the  most   economical  solvent  for  acetylene,  as  it 
Ivea    approximately    25    times    its    volume    in    the    gas    at 

16  deg.  cent.    (59  deg.   tahr.),  while  ethyl  alcohol  dissolves 
only  six  times  its  volume.     Numerous  patents  have  indicated 

the  addition  of  acetone  for  this  purpose, 

C  F.  Junta,"  in  reviewing  the  different  methods  of  manu- 
facture of  engine  fuel  by  bacterial  processes,  finds  that 
<<\."  a  fuel  consisting  of  alcohol  and  acetylene,  owes  it> 
properties  largely  to  the  fact  that  the  addition  of  acetone 
to  the  alcohol  raises  the  absorption  of  the  gas,  thus  increas- 
ing the  volatility   and  calorific  value  of  the  mixture. 

Summary. 

Prom  what   has  been  said  it   is  evident  that 

(1)  alone  is  an  excellent  fuel,  easy  to  start. 
does  not  freeze  at  the  coldest  winter  temperature 
and  will  not  detonate  under  a  pressure  of  180  H). 
per  sq.  in. 

(2)  It  is  not  only  miscible  in  all  proportions  with  the 
various  fuels  used  in  motor  cars,  but  produce-  ., 
uniform  mixture  when  it  is  added  in  varying 
amounts  to  a  number  of  immiscible  liquids 

(3)  When  it  is  added  in  small  amounts  to  heavy  hydro- 
carbon fuels,  it  minimizes  the  deposition  of  carbon 
and  tends  to  prevent  "fuel-knocks" 

i  1 1  Acetone  is  the  most  economical  solvent  of  acetylene 
and,  if  saturated  with  this  gas  and  added  to  com- 
posite engine  fuels,  will  produce  a  smoother-run- 
ning mixture,  facilitate  starting  and  permit  run- 
ning on  a  leaner  mixture 


SERVICE1 


I  am  Service.     But  I  am  more  than  a  name,  more  than  a 
bloodless  definition  between  dry  dictionary  covers. 
I  am  energy,  motion,  speed. 
I  am  foresight. 
I  am  .«>-<••  m. 
I  am  common  sense. 

I  am  Alexander  Bell,  lengthening  the  tongues  of  men. 
I  am  harmony. 

I  am  Morgan,  standing  between  panic  and  prosperity. 
I   am  cooperation. 

I   .  •  ghouse,  stopping  trains  with  wind. 

I   am   patier. 

I  am  Morton,  making  th<  i  -  knife  a  blessing  in- 

stead 

I  am  ?■ 

I  am  analy- 

I  am  .V  .  :ng    "The    Customer    is    always 


I  am 


men. 

a'  wealth  from  the  plai 
•it;  I  am  the  grea- 


if  a  continent. 
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I  am  Pasteur,  a  whole  life  one  long  luminous  trail  of  ser- 
vice. 

Ay,  I  am  Service! 

I  run  through  life,  a  golden  thread  with  the  strength  of 
steel. 

I  speak  all  tongues. 

I  am  the  German  in  the  laboratory,  the  American  in  the 
market  place. 

I  am  Smith,  Jones,  Brown,  whoever  you  please  that  moves 
forward,  adjusts  himself  to  the  hour,  the  place  and  the 
master. 

I  am  the  donkey-engine,  I  am  the  shining  rails  of  a  Harri- 
man,  I  am  the  racing  camel  of  the  desert. 

I   am   salesmanship  incarnate. 

I  am  the  practical  idealist  of  commerce. 

I  am  progn- 

I  am  the  child  of  necessity,  fathered   by  demand. 

I  pass   swiftly  01  .vollen  plains  and   make  the  epic 

of  the  wheat;  I  bring  the  sullen  iron  from  its  beds  of  fire. 

I   fill  the  warehouse  with  gold  and  the  home  with  content. 

I  am  ' be  chemistry  of  action. 

I  was  born  with  the  world,  1  have  made  possible  the  ages, 
I  am   the  most    vital,  im,  element   of  modern 

life. 

I   am   the  mother  of  effort,  the  genius  of  industry,  the  mate 

Of  life   it-elf. 

I   am  the  ambassador  of  pli 

And  I  am  at  your  i ;.  B.  (  larkson. 
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Importance  of  Better  Automobile  Head 
Lamps  and  Proper  Adjustment 


By  R.  X.  Falge1  and  W.  C.  Browx1 


Semi-Annual  Meeting  Paper 


Illustrated  with  Photographs  and  Diagram 


THE  accurate  construction  and  easy  adjustability  of 
automobile  head-lamps,  though  they  have  received 
much  attention,  are  still  susceptible  of  further  improve- 
ment. If  motorists  realized  that  the  road  would  be 
illuminated  better,  objectionable  glare  could  be  avoided 
and  a  better  and  safer  head-lamp  would  be  secured 
by  properly  adjusting  the  head-lamps  now  in  service, 
an  immediate  and  far-reaching  improvement  would  be 
effected. 

Views  are  given  of  tests  made  with  the  common  type 
of  head-lamp  with  a  parabolic  reflector  to  show  the 
effects  produced  by  placing  the  source  of  light  at  the 
focal  point,  by  moving  it  forward,  backward,  above  and 
below  this  point,  and  also  by  cylindrical  flutes  in  the 
glass  and  by  horizontal  prisms.  The  head-lamp  is 
shown  to  be  very  sensitive  inasmuch  as  the  distances 
from  the  filament  to  the  reflector  are  very  short  when 


sary  to  strengthen  the  laws,  the  fact  that  the  Society  is 
willing  to  devote  an  entire  evening  to  the  problem,  all  in- 
dicate that  this  matter,  which  has  so  direct  a  bearing  on 
the  safety  of  the  motorist,  has  not  been  handled  so  ef- 
fectively as  have  others  of  less  importance  that  have  to 
do  merely  with  road  performance  and  repair  bills. 

Without  question,  if  motorists  generally  could  be  made 
to  realize  two  facts,  an  immediate  and  far-reaching  im- 
provement in  head-lamps  would  result.     These  are  that 

(1)  It  is  entirely  possible  to  get  better  road  illumina- 
tion, and  at  the  same  time  prevent  objectionable 
glare,  by  properly  adjusting  the  majority  of  the 
head-lamps  now  in  service 

(2)  A  driver,  who  makes  the  proper  adjustments  now, 
without  waiting  for  others  to  make  them,  not  only 
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compared  with  those  to  which  the  light  is  projected. 
A  type  of  lens  is  described  that  will  compensate  for  the 
commercial  variations  in  the  position  of  the  filament 
and  at  the  same  time  distribute  the  light  effectively. 
converging  or  diverging  the  rays  laterally  while  main- 
taining the  top  or  cut-off  substantially  at  the  level  of 
the  head-lamp.  As  the  maximum  intensity  should  be 
placed  as  near  to  the  top  as  possible  to  illuminate  the 
road-bed  most  effectively,  and  as  the  eye  accommodates 
itself  slowly  to  changes  of  intensity,  the  lens  takes  ad- 
vantage of  these  characteristics  by  spreading  and  bend- 
ing the  light  in  each  zone  by  different  amounts. 

The  requirements  are  given  for  the  uniform  and  sat- 
isfactory service  of  lamps  and  of  such  parts  as  fila.- 
ments,  sockets,  reflectors,  lenses,  doors  and  mountings, 
the  underlying  idea  being  the  use  of  devices  that  will 
obviate  the  necessity  for  focusing  and  leave  to  the 
motorist  only  the  simpler  adjustment  of  aiming. 

DESPITE  the  progress  that  has  been  made  in  the 
last  few  years  in  improving  automobile  head- 
lamps, the  conditions  prevalent  on  the  main 
highways  of  the  Country,  particularly  those  near  large 
cities,  remain  unsatisfactory.  The  genuine  concern  that 
is  apparent  everywhere,  the  fact  that  State  legislatures 
in  attempting  to  improve  conditions  are  finding  it  neces- 


1  Engineering  department.  National  Lamp  Works.  General  Electric 
Co..  Cleveland. 


will  remove  the  annoyance  he  is  causing  everyone 
else,  but  also  will  provide  himself  with  a  head-lamp 
that  is  better  and  safer  and  that  will  make  it 
easier  for  him  to  pass  cars  with  glaring  head- 
lamps 

The  erroneous  idea  that  headlamp  adjustments  are 
made  for  the  sole  benefit  of  others  would  more  easily  be 
dispelled  and  the  cooperation  of  motorists  in  improving 
conditions  would  be  obtained  more  readily,  if  motorists 
were  provided  with  accurate  equipment,  simply  adjust- 
able, and  with  instructions  so  clear  and  so  comprehensive 
that  they  might  easily  be  followed  and  intelligent  allow- 
ance be  made  for  such  commercial  variations  in  the 
equipment  as  would  affect  the  distribution  of  light. 

Underlying  Principles 

Good  head-lamps  without  objectionable  glare  may  be 
obtained  by  concentrating  the  rays  emitted  in  all  direc- 
tions from  the  filament  of  the  lamp  into  a  shallow  band 
of  light  having  a  candlepower  hundreds  of  times  greater 
than  that  of  the  lamp,  directing  this  band  of  light 
straight  ahead  of  the  car  and  tilting  it  so  that  the  top 
edge  or  cut-off  of  the  beam  is  at  the  level  of  the  head- 
lamp. The  beam  should  spread  to  the  sides  far  enough 
to  illuminate  the  ditches  and  turns.  A  diffused  light  of 
low-intensity    sufficiently    strong   to   reveal    pedestrians, 
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overhanging  obstructions  and  the  like,  hut  not  enough  to 
blind  approaching  drivers,  is  desirable  above  the  cut-off. 

Engineers,  who  have  given  the  subject  of  automobile 
head-lamp  illumination  careful  study  supplemented  by  ex- 
tensive road  tests,  have  found  that  good  driving-light 
without  objectionable  glare  will  be  obtained  when  the 
rays  of  light,  directed  toward  certain  points  on  the  road 
ahead  of  the  car,  as  shown  in  Fig.  1,  fall  within  certain 
limits  that  can  be  specified.  Point  A  is  directly  ahead 
he  car  and  at  the  level  of  the  head-lamps.  Points  C 
and  D  are  glare  points  at  the  level  of  the  approaching 
driver's  eyes,  100  ft.  ahead.  Points  B,  P.  Q  and  S  are 
road-illumination  points.  When  the  head-lamps  are  36 
in.  above  the  road,  point  B  is  172  ft.  ahead  of  the  car;  P, 
1 14  ft.  ahead  of  the  car  and  6  ft.  to  either  side  of  the  car 
axis;  Q,  57  ft.  ahead  and  6  ft.  to  either  side;  and  S,  43 
ft.  ahead  and  9  ft.  to  either  side.  The  same  points  are 
shown  in  Fig.  2  as  they  appear  to  the  driver. 

The  most  common  type  of  head-lamp  equipment  con- 
sists of  a  highly  polished  parabolic  reflector  using  a  21- 
cp.  gas-filled  lamp  in  a  socket  that  may  be  moved  forward 
or  backward  along  the  reflector-axis  to  compensate  for 
variations  in  the  position  of  the  filament  in  commercial 
lamps,  with  means  for  spreading  the  beam  toward  both 
sides  and  in  many  cases  for  bending  it  downward. 

The  parabolic  reflector  may  )>e  visualized  as  being  com- 
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posed  of  a  multitude  of  small  flat  mirrors,  each  of  which 
is  so  placed  that  a  ray  of  light  from  one  point,  known  as 
the  focal-point,  will  be  reflected  in  a  direction  parallel 
to  the  axis  of  the  reflector.  When  all  the  reflected  rays 
are  parallel,  the  diameter  of  the  beam  at  any  distance 
would,  of  course,  be  the  same  as  that  of  the  reflector- 
opening.  When  the  rays  of  light  come  from  any  other 
point,  the  angles  at  which  they  strike  will  be  changed, 
and  only  such  rays  as  happen  to  be  in  line  with  the  focal- 
point  will  be  reflected  parallel  to  the  reflector-axis. 

The  filament  of  an  automobile  lamp  must  have  some 
size,  and  it  cannot,  therefore,  all  be  located  exactly  at  the 
focal-point.  Rays  that  come  from  points  on  the  filament 
not  at  the  focal-point  are  not  reflected  exactly  parallel  to 
the  reflector-axis.  The  farther  from  the  point  they  hap- 
pen to  be,  the  more  will  they  diverge.  Actually,  an  image 
of  the  filament  is  reflected  from  every  point  on  the  re- 
flector. These  filament  images  increase  in  size  with  the 
distance  and,  at  a  point  20  or  30  ft.  ahead  of  the  car, 
when  the  filament  is  properly  placed  about  the  focal- 
point,  they  overlap  and  intermingle  in  a  manner  so  as  to 
produce  a  fairly  uniform  intensity  over  the  cross-section 
of  the  beam.  In  the  upper  half  of  Fig.  3  and  in  the  view- 
in  the  upper  right  corner  of  Fig.  4,  one  side  of  an  auto- 
mobile head-lamp  reflector  has  been  cut  away  to  show 
the  light-rays  passing  through  holes  in  a  nearly  opaque 
coating  applied  to  the  bulb  of  a  6  to  8-volt  21-cp.  lamp 
and  being  redirected  by  the  reflector.  The  rays  were 
made  visible  and  photographed  in  a  smoky  atmosphere. 

The  upper  left  portion  of  Fig.  3  shows  wThat  will  hap- 
pen to  the  light-rays  when  the  lamp  filament  is  centered 
accurately  about  the  focal-point,  while  the  lower  left  view 
shows  a  cross-section  of  the  beam  as  thrown  on  a  screen 
20  ft.  ahead.  The  two  superimposed  images  of  the  fila- 
ment were  obtained  by  first  exposing  the  entire  beam  and 
then  placing  over  the  reflector-opening  an  opaque  shield 
with  two  small  holes  in  it,  one  above  and  the  other  below 
the  axis,  to  allow  only  such  light-rays  as  come  from  the 
small  areas  back  of  the  openings  to  escape.  The  images 
referred  to  are  barely  discernible  in  this  illustration ; 
they  show  clearly  in  the  other  two  lower  views.  Focusing 
cards  based  on  this  princople  are  sometimes  furnished  to 


Fig.   ". — A  Lens   Design   That  Simplifies  Head-Lamp  Adjustment 
bt  Eliminating  the  Necessity  foe  Focusing 

The    Photograph    from    Which    This    Illustration    Was    Hade    Was 
Taken   at    an    Angle   To   Emphasize    the    Prisms 

assist  in  making  adjustments.  Obviously,  inaccurate  re- 
flectors cannot  be  expected  to  give  satisfactory  results. 

The  upper  central  and  right  views  of  Fig.  3  show  how 
the  reflected  rays  change  in  direction  when  the  light 
source  is  placed  ahead  and  back  of  the  focal-point*  The 
corresponding  lower  views  show  that  the  beams  are  less 
concentrated  than  when  the  source  of  light  is  about  the 
focal-point  and,  since  the  light  is  distributed  over  a 
larger  area,  the  candlepower  is  correspondingly  less. 

The  two  views  at  the  left  of  Fig.  4  show  the  effect 


Fig.   6 — Light  Distribution   Provided  by  Accurately   Constructed   Head-Lamp  Equipped   with   the   Non- 
Focusing  Lenses  Shown  in  Fig.  5 
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beam  on  account  of  axial  variation 

filament  is  in  a  direction  opposite 

h  the  filament  is  moved  from  the  axi-. 

Th-  le  head-lamp  have  al- 
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'iieet 
these   requir- •• 
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be  wide  enough.    Furthermore,  the  increase  in  width  will 
be  accompanied  b  -ponding  increase  in  the  depth 

aid  when  the  head-Ian  avoid 
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Th-  »-ntral  view  of  Fig.  •!  shows  the  bending  ef- 

ntal  prisms  in  the  glass.    The  entire  beam 

:  uniformly  to  strike  below  the  point  A,  as 

-  upper  right  corner,   by  tilting  the  entire 
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head-lamp  or  the  reflector  alone,  or  by  using  simple  hori- 

al  prisms  of  uniform  bending-power  over  the  entire 
of  the  lens.  The  advantage  of  horizontal  prisms 
occurs  when  the  lens  is  designed  so  that  the  light  from 
different  sections  of  the  reflector  is  bent  and  spread  by 
varying  amounts  to  improve  the  distribution,  as  shown  in 
the  lower  right  corner  of  Fig.  -1. 

It  is  evident,  from  this  discussion  of  the  fundamental 
principles  underlying  the  operation  of  the  head-lamp. 
that  it  is  a  very  sensitive  device.  The  distances  from  the 
filament  to  the  reflector  and  the  lens  arc  so  short  as  com- 
pared with  the  distances  ahead  of  the  car  to  which  the 
light   is  projected  that  satisfactory   results  cannot  be 

i  with  inaccural ■  poorly  adjusted  equipment. 

Even  when  the  equipment  is  good,  the  problem  of  se- 
curing proper  adjustment  still  remains.  Greater  sim- 
plicity will  help  in  its  solution.  The  proper  adjustment 
dl  devices  in  general  use  today  necessitates  both 
sing  and  aiming.  [1  appears  impossible  to  eliminate 
the  aiming  adjustment;  to  design  redirecting  equipment 
that  will  eliminate  the  focusing  adjustment  is  both  pos- 
sible and  practicable. 

Lens  Design  That  Eliminates  Focusing 

A  design  of  lens  that,  with  accurate  equipment,  will 
compensate  for  commercial  variations  in  the  position  of 
the  filament  in  the  lamp  and  at  the  same  time  distribute 
the  light  effectively  in  the  beam  is  shown  in  Fig.  5.  It 
takes  advantage  of  the  fact  that  rays  reflected  from  a 
parabolic  surface  converge  or  diverge  as  the  light  source 
is  moved  ahead  or  back  of  the  focal-point,  as  is  illustrated 
in  the  upper  central  and  right  portion  of  Fig.  3.  The 
light-rays  passing  through  the  middle  zone  are  titled 
downward  slightly  and  form  the  upper  part  of  the  beam. 
As  the  filament  is  moved  forward  or  backward,  the  rays 
in  this  zone  converge  or  diverge  laterally  and  maintain 
the  top,  or  cut-off,  of  the  beam  substantially  at  the  level 
of  the  head-lamp.  The  rays  of  light  from  the  upper  and 
lower  zones  tend  to  rise  or  fall  as  the  lamp  is  moved, 
but  they  are  deflected  downward  sufficiently  by  prisms 
so  that  they  will  not  rise  above  the  top  of  the  beam  from 
the  middle  zone  when  the  filament  is  moved  forward  or 
back  of  the  focal-point  through  predetermined  and  rela- 
tively wide  limits.  Incidentally,  beams  from  reflectors 
that  are  surfaces  of  revolution  but  not  truly  parabolic  in 
contour  ordinarily  will  have  a  sharper  cut-off  at  the  top 
with  this  design  of  lens  than  with  others  that  spread  the 

'IIS. 

To  illuminate  the  road-bed  most  effectively,  the  maxi- 
mum intensity  should  be  placed  as  near  the  top  of  the 
beam  as  possible,  whence  it  will  be  projected  farthest 
down  the  road.  Since  the  eye  accommodates  itself  rather 
slowly  to  changes  of  intensity,  the  candlepower  should 
fall  off  toward  the  bottom  and  side-  of  the  beam  to  illum- 
inate the  road  Led  evenly  and  to  eliminate  the  bright 
-  that  reduce  the  visibility  of  points  beyond  them. 
These  characteristics  have  been  incorporated  into  the 
lens  shown  iii  Fig.  ■">.  bj  spreading  and  bending  the  light 
in  each  zone  by  different  amounts.  The  middle  zone 
bends  the  light   pi  trough  it  very  slightly  and  the 

preading  effect    is   hardly  more   than    is   necessary  to 

oth  the  beam.    The  lower  prism   bends  the  light  con- 
ably   more  and   spreads   it  sufficiently  to  illuminate 
the  sides  of  the  road   near  the  car  and  assist    in   making 
i         upper  zone  has  an  intermediate  spread  and 
tilt.    When    focused    to   give    thi  ills,   the   beam 

the    form   shown    in    Fig.   7,    from   which   it   will   be 
:  thai   its  boundaries  follow  fairly  closely  the  test 
'hat  the  ietermined  upon  in  specify- 
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ing  desirable  road  illumination.  The  design  is  such  that 
there  is  sufficient  stray  light  above  the  horizontal  to 
illuminate  pedestrians,  overhanging  obstructions  and 
similar  objects. 

This  lens  can  be  designed  to  compensate  for  variations 
of  position  of  the  filament  of  various  magnitudes  within 
the  commercial  limits  ordinarily  accepted  in  lamp  manu- 
facture. The  distribution  of  light  becomes  less  desirable 
as  the  tolerances  are  increased.  The  most  satisfactory 
compromise  between  light  distribution  and  accuracy  in 
lamp  assembling  appears  to  result  when  the  lens  is  de- 
signed to  compensate  for  variations  of  3  64  in.  ahead  or 
back  of  the  focus;  in  other  words,  for  the  tolerances  to 
which  tipless  precision  lamps  are  now  being  manufac- 
tured. 

The  permissible  axial  variation  of  3/64  in.  to  which 
these  same  tipless  precision  lamps  are  manufactured  is 
also  acceptable.  Axial  variations  tend  mainly  to  raise  or 
lower  the  entire  beam  without  seriously  distorting  it. 
They  may  be  compensated  for  with  a  fair  measure  of 
success  by  aiming  the  head-lamps. 

Constructional  Features  Demanding  Attention. 

Lamps  should  be  uniform  and  efficient  in  performance 
throughout  their  life.  They  should  have  highly  concen- 
trated filaments  to  give  the  minimum  beam-divergence. 
The  filaments  should  be  placed  accurately  with  respect  to 
the  locking-pins  and  to  the  axis  of  the  base  to  minimize 
beam  distortion.  Thev  should  not  sag  in  service  (See 
Fig.  8). 

Sockets  should  grip  the  bases  firmly  and  fit  the  re- 
flector sleeves  closely  so  that  the  lamps  shall  not  be 
jarred  out  of  adjustment  when  the  car  passes  over  rough 
spots  in  the  road.  The  socket  and  the  reflector  axes 
should  coincide.  The  electrical  resistances  at  the  con- 
tacts should  be  low  to  minimize  the  loss  of  light. 

Reflectors  should  be  highly  efficient  and  should  not 
warp  or  tarnish  in  service.  Inaccurate  contour  causes 
glare  and  unsatisfactory  road  illumination  (See  Fig.  9). 

Lenses  should  be  free  from  hills  and  hollows  caused 
by  the  careless  polishing  of  the  glass  molds.  Their  de- 
sign should  be  based  on  sound  engineering  principles. 


Fig.    9 — How   Inaccuracies   in  the   Contour   of   Reflectors   Fre- 
quently  Render   Otherwise   Good   Equipment  Ineffective 

The  View  ai  tlie  Left  Shows  the  Cross-Section  of  the  Beam  from 
an  Accurately  Made  Reflector.  While  That  at  the  Right  Is  the  Cross- 
Section  of  the  Beam  from  a  Reflector  That  Was  Inaccurately  Manu- 
factured. Both  Reflectors  Were  Taken  from  the  Regular  Production 
of  the  Two  Factories  and  the  Photographs  Were  Reduced  to  the 
Same  Extent 

Doors  should  be  easy  to  remove  and  to  replace.  Means 
should  be  provided  to  prevent  the  lens  from  rotating. 

Universal  mountings  should  be  provided  to  facilitate 
aiming.  The  importance  of  proper  aiming  cannot  be  over- 
emphasized. 

Adjustments  should  be  carefully  made  before  the  car 
is  delivered  to  the  owner  and  simple  but  adequate  in- 
structions for  readjusting  should  be  given  in  the  instruc- 
tion book. 

The  fact  that  a  few  of  the  parts  manufacturers  are 
able  to  furnish  equipment  that  will  meet  most  of  the 
requirements  discussed  above  at  little  if  any  increase  in 
price  is  proof  that  it  is  today  commercially  possible  and 
practicable  to  attain  the  required  standards  of  accuracy. 
Satisfactory  performance,  however,  is  unquestionably  of 
sufficient  importance  to  justify  the  small  additional  cost 
of  thoroughly  satisfactory  equipment  when  it  is  neces- 
sary. 

The  use  of  devices  that  will  obviate  the  necessity  for 
focusing  and  that  will  leave  to  the  motorist  only  the  sim- 
pler adjustment  of  aiming  should  increase  the  number  of 
cars  with  properly  adjusted  head-lamps  and  should  assist 
materially  in  regaining  the  cooperation  of  car-owners  in 
improving  head-lamp  conditions  throughout  the  country. 


FEDERAL  AID  ROAD  CONSTRUCTION 


FEDERAL  aid  road  construction  reached  a  new  high 
water  mark  in  1922,  when  the  mileage  of  new  road  added 
to  the  growing  system  of  Government-aided  highways  ex- 
ceeded 11,000  miles.  The  exact  length  was  11,374.7  miles. 
This  was  almost  twice  as  much  as  the  mileage  constructed 
in  1921,  the  best  previous  year,  which  added  only  5943  miles; 
and  it  was  more  than  seven  times  as  great  as  the  mileage 
completed  in  the  first  4  years  of  operation  under  the  Federal 
Aid  Road  Act. 


Federal   Aid   Projects    Completed 

December,    1922, 

by  Types  of  Construction 

Mileage 

Type 

Completed 

Graded  and  Drained 

3,286.4 

Sand-Clay 

2,235.1 

Gravel 

7,621.3 

Water-Bound  Macadam 

473.4 

Bituminous  Macadam 

666.4 

Bituminous  Concrete 

681.8 

Portland  Cement  Concrete 

3,542.8 

Brick 

310.6 

Bridges 

31.4 

Total 


18,849.2 


The  total  cost  of  the  roads  completed  in  1922  was  over 
$216,000,000,  of  which  the  Federal  Government's  contribution 
was  more  than  $90,000,000.  This  record,  both  as  to  total 
cost  and  Federal  aid  payment,  was  nearly  twice  as  great 
as  the  accumulated  totals  for  the  6  preceding  years. 

The  total  of  Federal  funds  appropriated  up  to  the  end  of 
the  year,  less  the  deduction  for  administration,  was  $388,- 
625,000.  Of  this  amount,  $139,227,437.80  had  been  paid  for 
completed  projects.  An  additional  amount  of  $70,269,119.08 
had  been  paid  in  the  form  of  progress  payments  on  projects 
under  construction  as  part  payment  of  the  $149,663,762.92 
allotted  to  such  projects,  a  further  sum  of  $49,984,248.44  had 
been  allotted  to  definite  projects  that  had  not  yet  been 
placed  under  construction  and  a  balance  of  $49,749,550.84 
was  entirely  unobligated.  Including  the  newly  approved 
projects,  projects  for  which  plans  were  under  way  and  all 
projects  in  the  pre-construction  stages  the  total  mileage  of 
projects  initiated  and  approved  for  Federal  aid  and  in  vari- 
ous stages  of  completion  or  completed  was  45,185.7  miles. 

The  table  in  the  adjoining  column  shows  that  the  mileage 
of  gravel  roads  is  the  greatest. 

The  average  cost  of  all  types  per  mile,  exclusive  of  bridges, 
for  the  whole  period  of  operation  is  $16,800.  For  the  year 
1922  the  cost  was  $18,500.— H.  S.  Fairbank  in  The  Con- 
structor. 
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ABSTRACT 

THK  '-ing   properties   of  three   types   of 

rad::;  nave  been  investigated  at  the  Mason 

Laboratory.  N.  lity.   These  include  the  fin-and- 

tube,  the  ribbon  and  the  air-tube  groups,  so  classified 
rding  to  the  flow  of  the  water  and  the  air.     The 
•oling  surface  to  the  volume  is  shown  to 
be  nearly  the  same  in  the  fin-and-tube  and  the  air-tube 
that    of    the    ribbon    core    is    somewhat 
gre.i'  rmula  is  derived  for  computing  the  heat- 

oefficient,  which  is  defined  as  the  number  of 
heat  units  per  hour  that  will  pass  from  one  square 
foot  of  surface  per  degree  of  temperature-difference 
between  the  air.  and  the  water  and  is  the  key  to  radiator 
performance,  as  by  it  almost  any  desired  information 
can  be  obtained.  When  the  heat-transfer  coefficients 
have  been  found  for  a  sufficiently  wide  range  of  water 
and  ■  :he  cooling  capacity  of  a  radiator  can  be 

any  desired  condition.     In  an  appendix 
:\mental  and  six  derived  formulas  are  given, 
jch  topics  as  pump  circulation,  thermo- 
lyph  limiting  depth  of  core  required,  final 

.nt  of  water-flow  and  the  like.     The 
formulas  to  six  cores  that  were 
■elected  as  representative  of  the  three  main  types  are 
• 

n  the  radiator  when  the  engine 

.    ning  at  full  load,  are  stated  to 

I'.h.     A  new  rule 

itor  that  con- 

j.    in.   of   core-volume    for   each 

•  m.p.h.     < 

:    from   dyna;< 

which  shows  that 

•<-d. 

final 
•  han 


Radiator  Capacity  and  Engini  Horsepower 

An  interesting  point  in  radiator-design  is  to  find  the 

car-speed  at  which  the  cooling  ability  of  the  radiator  will 

taxed  most  severely.     The  limiting  Bpeed  is  not  the 

high  luse  the  horsepower  falls  off  rapidly  at  high 

Is;  nor  is  it  the  lowest,  because  the  fan  helps  out  the 
radiator  at  low  speeds.  This  discussion  relates,  of  course, 
only  to  the  full  power  while  running  in  high  gear. 

The  determining  factors  are  the  power-curve  of  the 
engine  and  the  cooling-capacity  of  the  radiator,  both  be- 
ing laid  out  on  the  car-speed  as  the  base  line.  An  exam- 
ple is  given  in  Fig.  6,  where  these  curves  are  plotted  for 
a  well-known  light  six-cylinder  engine,  the  radiator  of 
which  is  known  to  give  satisfactory  cooling.  The  power- 
curve  in  the  figure  was  taken  from  dynamometer  tests  at 
wide-open  throttle.  The  cooling-capacity  curve  was  com- 
puted from  formulas  given  in  the  paper,  in  which  the 
average  values  for  ribbon  cores  were  used.  Conservative 
values  were  taken,  such  as  a  summer  temperature  of  80 
deg.  fahr.,  and  a  jacket-heat  of  4000  B.t.u.  per  hr.  per  en- 
gine-hp.  The  latter  figure  is  very  liberal,  since  3000 
B.t.u.,  or  even  less  is  used  frequently  for  this  item. 

It  will  be  observed  that  the  cooling-curve  thus  plotted 
cuts  the  power-curve  in  two  points,  and  slopes  in  the  same 
general  direction.  Where  the  horsepower-curve  lies 
above  the  cooling-curve,  it  indicates  deficiency  of  cooling. 
This  is  seen  to  be  a  maximum  at  about  25  m.p.h.  on  the 
peed  scale,  which  is,  accordingly,  the  speed  sought; 
that  is,  the  speed  at  which  the  radiator  will  be  taxed  most 
in  cooling  the  engine.  It  follows,  that  if  the  radiator 
will  just  cool  the  engine  at  a  speed  of  25  m.p.h.,  it  will 
haw  icity  at  either  higher  or  lower  speeds. 

A  simple  and  logical  rule  for  radiator  design  is  to  pro- 
portion the  core  for  a  car-speed  of  25  m.p.h.,  with  a  ca- 
pacity equal  to  the  maximum  horsepower  that  the  engine 
can  develop  ai  that  speed.  When  this  rule  is  applied  to 
the  engine  of  fig.  6,  it  yields  the  result  thai  50  cu.  in.  of 
for  each  horsepower,  or  50  x  26  =  1300 
cu.  in.  for  the  whole  core. 
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Radiator  Sizes  in  Practice 

If  the  conclusions  drawn  in  the  last  section  are  true,  it 
follows  that  the  maximum  cooling  demands  occur  at  a 
car-speed  of  25  m.p.h.,  and  that  a  core-volume  of  50  cu. 
in.  for  each  horsepower  developed  at  that  speed  with 
open-throttle  should  cool  the  engine  properly.  It  will  now 
be  in  order  to  discover  whether  the  radiators  used  in 
modern  automobiles  confirm  these  conclusions. 

Considerable  evidence  is  at  hand  bearing  on  this  sub- 
ject from  the  drum-dynamometer  records  at  the  Mason 
laboratory  at  Yale  University.  Upward  of  100  vehicles 
have  been  subjected  to  power  tests  on  the  drums,  repre- 
senting more  than  40  makes  of  automobile.  In  most 
cases,  the  radiator-core  volume  was  measured  and  re- 
corded at  the  time  of  the  test.  Excluding  the  cases  where 
the  records  were  incomplete  as  to  core-type  or  size,  17 
tests  have  been  selected  in  which  ribbon  cores  with  pump 
circulation  were  used. 

Some  particulars  of  the  17  tests  are  recorded  in  Table 
2.  Column  1  contains  a  serial  number  for  identification. 
The  successive  columns  give  piston-displacement,  maxi- 
mum horsepower  developed  at  25  m.p.h.,  total  core-vol- 
ume, core-volume  per  cubic  inch  of  displacement  and  core- 
volume  per  maximum  horsepower  at  the  assigned  speed. 
In  addition  to  the  figures  in  the  body  of  the  table,  the 
average  of  each  column  is  given  on  the  bottom  line.  The 
figures  in  Column  6  represent  the  core-volume  in  pro- 
portion to  horsepower.  Although  the  figures  vary  from  a 
minimum  of  41  to  a  maximum  of  71,  the  average  is  51, 
or  very  nearly  the  value  of  50  that  was  deduced  in  the 
last  section  for  this  type  of  core. 

The  core-volume  can  also  be  computed  from  the  piston- 
displacement,  as  well  as  from  the  horsepower;  and  this 
rule  may  have  occasional  application.  This  rule  can  be 
deduced  from  the  average  at  the  bottom  of  Column  5, 
and  may  be  stated  thus:  The  core  volume  should  be  5 
cu.  in.  for  each  cubic  inch  of  piston-displacement.  There 
is  a  close  relation  between  piston-displacement  and  horse- 
power, but  it  is  better  to  use  the  latter  in  proportioning 
a  radiator,  if  possible. 


TABLE   3 — SUMMARY  OF  AVERAGES  FOR   FIN-AND-TUBE    CORES 
AND  THERMO-SYPHON  SYSTEMS 


TABLE    2— 

-DATA   FOR 

RIBBON    CORES   WITH    PUMP   CIRCULATION 

Column 

Column 

Column 

Column 

Column 

Column 

1 

2 

3 

4 

5 

6 

Core  Vol- 

Core Vol- 

Maxi- 

ume per 

ume  per 

Piston 

mum 

Total 

Cubic 

Maxi- 

Serial 

Displace- 

Power at 

Core 

Inch  of 

mum 

Number 

ment, 

25 

Volume, 

Displace- 

Horse- 

Cu. In. 

M.P.H. 

Cu.  In. 

ment, 

power, 

Hp. 

Cu.  In. 

Cu.  In. 

100 

224 

22 

1,440 

6.4 

65 

112 

424 

45 

2,300 

5.4 

51 

125 

228 

30 

1,330 

5.7 

44 

143 

224 

23 

1,110 

5.0 

48 

147 

340 

34 

1,390 

4.1 

41 

162 

247 

28 

1,940 

7.8 

69 

173 

226 

21 

1,500 

6.6 

71 

176 

298 

28 

1,590 

5.3 

57 

179 

171 

17 

850 

5.0 

50 

193 

525 

54 

2,250 

4.3 

42 

197 

361 

32 

1,620 

4.5 

51 

212 

191 

23 

1,010 

5.3 

44 

214 

289 

28 

1,360 

4.7 

49 

222 

242 

25 

1,200 

5.0 

48 

224 

572 

42 

2,270 

4.0 

54 

228 

242 

27 

1,280 

5.5 

48 

229 

525 

41 

2.210 

4  2 

54 

Average. . 

312 

31 

1,570 

5  0 

51 

Circulation                  Type  of 
System                       Core 

Number 

of 
Examples 

Cubic 
Inches 
per  Horse- 
power 

Ribbon. .  . 

17 

6 

23 

51 

Pump \ 

Fin  and  Tube  . .  . 
Roth 

43 

47 

Ribbon. .  . 

3 
5 
8 

Thermo-Svphon.  J 

Fin  and  Tube  . .  . 
Both 

55 
55 

Table  2  relates  only  to  ribbon  cores,  but  similar  tables 
have  been  made  for  fin-and-tube  cores,  and  for  the 
thermo-syphon  system  of  circulation.  These  tables  will 
not  be  presented  here,  but  a  summary  of  their  averages 
is  given  in  Table  3.  The  results  in  Table  3  can  be  said 
to  represent  fairly  the  average  practice  in  radiator  sizes. 
They  can  be  supplemented  by  facts  drawn  from  individual 
tests. 

The  largest  core-volume,  relatively,  was  found  in  a 
four-cylinder,  sleeve-valve  engine,  having  71  cu.  in.  per 
maximum  horsepower  at  25  m.p.h.  The  smallest  core- 
volume  was  found  in  a  V-type,  eight-cylinder  engine,  hav- 
ing 33  cu.  in.  per  maximum  horsepower  at  25  m.p.h. 
Curiously  enough,  both  engines  were  cooled  with  fin-and- 
tube  radiators  with  thermo-syphon  circulation.  The 
smaller  radiator  is  said  to  be  satisfactory,  and  the  larger 
one  is  known  to  cool  indefinitely  at  full  power  in  low 
gear. 

From  the  above  results  of  the  examination  of  the 
radiators  used  in  various  automobiles,  it  appears  that 
radiators  for  the  thermo-syphon  system  usually  are  made 
about  15  per  cent  larger  than  for  pump  circulation,  and 
that  the  different  types  of  core  give  about  equal  cooling. 

Little  attention  has  been  paid  in  this  paper  to  the  en- 
gine fan  as  an  adjunct  to  the  cooling  of  the  radiator. 
Without  doubt,  a  powerful  fan,  well-housed-in  to  draw 
air  from  the  core,  will  increase  greatly  the  capacity  of 
any  radiator. 

THE  DISCUSSION 

PROF.  E.  H.  Lockwood  : — My  paper  naturally  falls  into 
three  parts;  first,  the  mathematical  theory  of  radiator 
testing,  as  developed  in  the  mechanical  laboratory  of 
Yale  University  in  cooperation  with  local  manufacturers ; 
second,  the  application  of  the  theory  to  several  classes  of 
radiator,  using  data  obtained  from  a  wind-tunnel  ap- 
paratus, to  determine  what  differences  existed  in  the 
various  types  of  core  for  heat  dissipation;  and  third,  an 
examination  of  existing  automobiles  to  see  whether  the 
radiator  supplied  by  the  builders  confirmed  the  conclu- 
sions drawn  from  the  laboratory  experiments.  The  third 
part  was  not  included  in  the  paper  as  printed  in  the  Janu- 
ary, 1923,  issue  of  The  Journal,  as  this  material  was 
collected  after  the  paper  was  written.  It  was  made  pos- 
sible by  the  records  of  the  rear-wheel  dynamometer  in 
the  Mason  Laboratory,  where  many  chassis  tests  have 
been  conducted  during  the  past  5  years,  including  meas- 
urements of  the  radiator  as  well  as  engine  horsepower. 

The  mathematical  theory  is  embodied  in  11  formulas 
given  in  the  Appendix.  Formulas  (3),  (4)  and  (5),  ex- 
press the  heat  radiated  by  the  core  in  different  forms,  de- 
pending on  the  quantity  of  water,  the  quantity  of  air  or 
the  extent  of  surface.  By  combining  formulas  (3),  (4) 
and  (5)  and  eliminating  terms,  formulas  (6)  and  (7) 
are  derived.     Formula  (6)   is  of  importance,  because  it 
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of  the  core  with  two  trouble- 
some variabi-  of  water  and  air, 

".  formal  in  be 

ned  or  determined  in  ad  rithout  great  diffi- 

..    The  ■  -ough  On  an  be  computed  by 

g  formula  (.2^.  after  measuring:  the  free-air  area  ami 
the  \  •■  air  through  the  free-air  area  by  wind- 

tunnel  experiment.  The  latter  velocity  can  be  expressed 
in  *  •  nt  to  a  given  car-speed. 

a    car-speed   and    air    velocity 
through  the  'ill  apparently  one  of  the  unsettled 

poir.-  .itor  testing,  a  few  words  on  this  point  are 

in  order  ven  car  speed  in  miles  per  hour,  S,  a 

-ure  against  a  flat  plate  normal  to  the  airflow,  ex- 
pressed in  inches  of  water  column,  h.  will  be  produced. 
The  theoretical  relation  between  the  speed  and  the  p 
sure  in  this  i  — ed  by  h  = S~'  2070.    In  a  spe- 

cific example  if  the  car  speed  is  25  ni.p.h.,  the  water- 
column  pressure  by  the  formula  is  0.302  in.  Duplication 
of  f  ;*ed   in  the  test   apparatus  will   be  accom- 

plished by  a  total  pressure  difference  on  the  opposite 
sides  of  the  radiator  equal  to  0.302  in.  of  water  column. 
The  air  velocity  through  the  core  is  known  in  terms  of 
the  pressure  difference;  hence,  it  is  known  also  in  terms 
of  car-speed. 

A  description  of  the  test  apparatus  was  omitted  from 

;..aper:  hence  a  diagrammatic  drawing  is  shown  in 
The  radiator  is  sealed  in  an  opening  in  the  side 


*1* 

Hbfer 
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mmatic  Drawing  op  the  Apparatus   Employed   is' 
Making  tub  Radiator  Tests  Described  in  the  Paper 

of  an  air-tight  chamber  that,  in  turn,  is  connected  to  a 
suction  fan.  After  the  air  has  passed  through  the  radi- 
ator, it  is  confined  in  a  short  tunnel  for  temperature 
measurement.  The  pressure  difference  is  measured  be- 
tween the  suction  chamber  and  the  room  from  which  the 
entering  air  flows.  The  water  supply  is  heated  by  a 
closed  steam-coil  heater;  thence,  it  flows  to  an  elevated 
tank  where  its  level  is  maintained  by  a  float  and  a  valve. 
The  metered  by  an  orifice  below  the  constant- 

•ank;  thence,  it  flows  through  a  pipe  to  the  radiator, 
in  the  radiator  is  maintained  by  a  needle-valve 
rtlet  pipe.     The  water  temperatures  are  meas- 
mercurial  thermometers  immersed  in  the  water 
near  the  radiator.    The  loss  of  head  in  friction  of 
and    pipe    connections    is    measured    by    gage 
'<  the  pipes  leading  to  the  radiator. 
Ir>  etna  to  measure  the  heat-transfer 

;ieen  to  select  three  orifices 

will  give  water-tempera- 

fahr.,  approximately.    In 

thi.«  Monate  amount  of  water-flow  for  each 

will    he  obtained,   covering   a    range    from 

■'■-  pump  circulation.    With  each 

to  give  air- 

I  0.20,  0.50  and  0.90  in.  of  water  on 

•   of  the  ponding  to  car-speeds 

'.  m.p.h. 

Chabmam  T.  J.  LIti.k.  Jr.:     [i  Professor  Loekwood 

familiar  with  the  design  of  radiators  that  are  used  in 


connection  with  the  steam-cooling  of  automobile  engines? 
m-cooling  has  been  discussed  at  some  length  lately 
and  I  understand  the  radiator  has  to  modified  somewhat; 
some  baffling  is  necessary.  When  an  engine  is  cooled 
with  steam,  a  slightly  different  problem  is  placed  on  the 
radiator  than  when  it  is  cooled  with  water. 

J.  J.  CrcuRELLO: — The  passages  for  the  circulation 
of  steam  in  the  cellular-type  core  are  so  narrow  that  they 
are  easily  clogged  by  sediment  in  the  system,  so  that  in 
time  the  radiator  as  a  whole  would  drop  down  in  con- 
densing capacity  and  burst  and  leak.  The  only  type  we 
found  that  gave  good  results  was  the  fin-and-tube  type, 
consisting  of  3s-in.  outside-diameter  tubes  with  rela- 
tively small  fins,  the  projected  area  of  which  is  possibly 
about  50  per  cent  of  the  total  surface-area.  The  size 
of  the  fin  was  ".(-in.  square,  and  the  best  results  were 
secured  when  the  fins  were  spaced  about  six  to  the  inch. 
We  are  satisfied  that  the  only  type  of  core  that  will 
handle  the  steam-condensing  proposition  for  automotive 
use  is  a  core  like  that  used  at  present  in  the  condenser 
on  a  certain  steam  automobile. 

Professor  Lockwood's  paper,  as  applied  to  the  passen- 
ger car,  motor  truck  and  tractor,  gives  a  direct  method 
of  computing  radiator-core  proportions  when  the  heat- 
transfer  coefficient,  atmospheric  temperature  and  other 
conditions  are  known.  Theoretically,  his  formulas  take 
into  account  all  the  variables  affecting  the  ultimate  re- 
sults, but  a  question  arises  as  to  whether  it  is  possible  to 
obtain  correct  results  with  practically  any  size  of  core. 
Most  test  cores  are  made  comparatively  small  to  meet  the 
laboratory-equipment  limits  of  capacity  and  for  con- 
venience in  handling,  especially  when  a  large  number  of 
cores  is  to  be  tested.  Therefore,  although  the  heat- 
transfer  coefficients  used  for  core  sizes  not  differing  in 
height  by  more  than  plus  or  minus  20  to  100  per  cent  of 
the  test-core  height  are  well  within  the  limits  of  correct- 
ness, when  we  are  called  upon  to  more  than  treble  the 
height  of  the  test  core,  we  may  find  that  some  types  will 
not  give  the  same  results  as  others  and  as  computed. 

One  of  the  drawbacks  encountered  is  that,  occasionally, 
the  amount  of  water  requisite  to  handle  the  heat  is  un- 
able to  pass  through  the  core,  thus  upsetting  the  tem- 
perature-drop and  the  ultimate  result.  Another  draw- 
back is  that,  if  the  core  is  very  high,  we  find  that  the 
water  has  suffered  a  large  drop  in  temperature  despite 
the  rapidity  of  its  flow,  giving  an  abnormally  cool  con- 
dition at  the  bottom  of  the  radiator,  from  which  it  is 
difficult  to  extract  heat.  It  is  apparent  that,  after  we 
have  determined  the  size  of  the  core,  we  shall  have  an- 
other task  confronting  us,  that  of  making  it  work. 

We  had  an  experience  with  a  high  airplane-radiator  in 
which  we  had  to  divide  the  core  into  halves  to  reduce  the 
water-temperature  drop.  We  obtained  the  best  results 
by  running  part  of  the  water  through  the  top  half  of  the 
core  and  drawing  it  out  from  a  tank  vertically  dividing 
the  core  halves;  the  remainder  of  the  water  from  the 
engine  wi  -sed   directly  to  the  lower  half  of  the 

core  and  thence  it  emptied  into  the  bottom  tank.  In  this 
way  we  were  able  to  keep  the  radiator  core  at  the  bottom 
comparatively  hot  and  efficient. 

Dr.  H.  C.  Dickinson: — Professor  Lockwood's  inter- 
esting paper  gives  data  on  radiator  practice  that  should 
be  of  value  as  a  guide  to  preliminary  design.  The  prac- 
ticability, however,  of  depending  upon  the  final  figures 
of  5  cu.  in.  of  radiator  per  cubic  inch  of  displacement,  or 
50  cu.  in.  per  hp.  is  somewhat  questionable,  because  the 
individual  requirements  of  different  engines  and  car  de- 
signs may  differ  from  this  average  value  by  amounts  far 
too  great  to  be  neglected  in  practice.     The  author  gives, 
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for  instance,  extreme  figures  of  41  and  71  cu.  in.  per 
hp.,  respectively,  in  two  designs  that  were  tested  in  the 
laboratory.  It  seems  doubtful  whether  such  differences 
are  due  merely  to  differences  of  judgment  as  to  satisfac- 
tory cooling  capacity  or  to  actual  differences  in  the  ca- 
pacities required.  Radiators  cost  too  much  to  be  used 
too  generously;  on  the  other  hand,  overheating  is  too 
serious  a  defect  to  be  tolerated.  It  seems  more  probable 
that  some  of  the  following  factors  are  responsible  for 
much  of  this  difference: 

(1)  Engine  design  has  much  to  do  with  the  propor- 
tion of  heat  that  goes  to  the  exhaust.  In  fact, 
this  proportion  may  vary  from  a  minimum  of  about 
60  per  cent  of  the  engine  power  to  perhaps  150 
per  cent  of  it,  at  normal  loads.  While  there  are, 
probably,  no  such  large  differences  between  con- 
ventional passenger-car  engines,  the  differences 
are  by  no  means  negligible 

(2)  The  hood  and  the  engine  mounting  determine  the 
freedom  of  the  circulation  through  the  radiator; 
hence,  to  a  considerable  extent,  its  cooling  capac- 
ity. In  some  car  designs  little  provision  is  made 
for  the  exit  of  the  air  that  enters  through  the 
radiator  while,  in  other  designs,  the  passage  is  not 
restricted ;  in  still  others,  louvres  in  the  hood  prob- 
ably produce  a  certain  amount  of  suction  that 
assists  the  fan  in  drawing  air  through  the  radiator 

(3)  Size,  speed  and  design  of  the  cooling-fan  are  im- 
portant, as  the  author  mentions,  and  it  is  more 
than  likely  that  differences  in  the  fan  alone  might 
modify  the  radiator  requirement  considerably 

Statistical  averages,  such  as  are  developed  in  this 
paper,  are  very  important.  The  technique  of  securing  re- 
liable results  in  this  manner  is  far  too  little  developed 
and  the  author  deserves  much  credit  for  the  results  he 
has  obtained.  There  are  some  problems  that  can  be  at- 
tacked in  no  other  way,  as,  for  instance,  the  probable  ton- 
mileage  per  gallon  of  fuel  in  service  operation,  or  the 
demand  of  the  average  driver  for  any  particular  feature 
of  car  performance,  such  as  acceleration. 

N.  S.  DlAMANT: — Consider  a  radiator  core,  20  in.  high, 
20  in.  wide  and  3  in.  deep,  or  20  x  20  x  3  =  1200  cu.  in. 
Suppose  that  the  total  cooling  or  radiating  surface  of 
this  core  is  100  sq.  ft.,  or  14,400  sq.  in.  Further,  suppose 
that  this  core  when  tested  at  an  air-velocity  of  20  m.p.h. 
and  a  water-flow  of  50  gal.  per  min.,  dissipates  1500  B.t.u. 
per  min.,  with  the  average  water-temperature  equal  to 
190  deg.  fahr.  and  the  average  air-temperature  equal  to 
90  deg.  fahr.  Then  for  this  core,  the  coefficient  of  heat- 
transfer  will  be  1500  divided  by  100  sq.  ft.,  divided  by 
100  deg.  fahr.  (=  190—90)  ;  that  is,  0.15  B.t.u.  per  min. 
per  deg.  fahr.  per  sq.  ft.,  or,  0.15  x  60  =  9.0  B.t.u.  per 
hr.  per  deg.  fahr.  per  sq.  ft.  This  is  the  coefficient  given 
by  Professor  Lockwood  in  Figs.  2  and  3. 

Suppose  we  want  to  compare  with  this  radiator  another 
one  similar  to  it  in  every  way  except  that  it  is  4  in. 
deep  or  2  in.  deep;  what  water-flow  shall  we  use,  50  gal. 
per  min.  as  before?  Professor  Lockwood  tells  us  noth- 
ing about  this  important  point.  If  the  water-flow  were 
proportional  to  the  core-depth,  then  the  proper  abscissas 
for  the  curves  given  by  him  would  have  been  gallons  per 
minute  per  inch  of  depth  of  core.  In  any  case,  I  hope  it  is 
clear  that  test  results  will  be  meaningless  unless  proper 
consideration  is  given  to  the  relation  between  the  water- 
flow  and  the  depth  of  the  core. 

Professor  Lockwood  covers  a  range  of  water-flow  of 
1000  to  4000  lb.  per  hr.  or,  in  the  more  usual  units,  about 
17  to  67  lb.  per  min.,  or  2  to  8  gal.  per  min.  The  curves 
given  in  his  paper  are  nearly,  or  at  least  roughly,  straight 
lines,  and  thus,  with  many  others,  he  seems  to  think  or 


to  give  the  impression  that  the  cooling-capacity  of  a  core 
is  nearly  proportional  to  the  water-flow.  This  is  wrong, 
as  the  excellent  and  creditable  work  done  by  the  Bureau 
of  Standards  under  Dr.  H.  C.  Dickinson  has  shown  that 
this  is  true  for  a  water-flow  up  to  2  to  3  gal.  per  min.  per 
in.  of  depth  of  core;  but  beyond  this,  increasing  the 
water-flow  does  not  appreciably  increase  the  cooling- 
capacity  of  a  core.  I  was  rather  surprised  to  find  in  the 
paper  nothing  with  reference  to  this  prevalent  misunder- 
standing to  which,  apparently,  the  author  also  subscribes. 
I  have  not  investigated  this  question  as  carefully  as  has 
the  Bureau  of  Standards,  but  I  have  found  in  my  work 
also  that  increasing  the  water-flow  to  more  than  6  or  9 
gal.  per  min.  for  a  3-in.  core,  and  in  proportion  for  other 
depths,  does  not  increase  the  cooling-capacity  or  the  heat- 
transfer  coefficient  of  a  given  core. 

Let  us  return  to  the  example  just  given  and  try  to  com- 
pare it  with  the  radiator-cores  given  by  Professor  Lock- 
wood.  As  already  stated,  this  radiator  dissipates  1500 
B.t.u.  per  min.  per  100-deg.  fahr.  difference  between  the 
average  water  and  air-temperature ;  that  is,  1500  x  60  = 
90,000  B.t.u.  per  hr.  per  100  deg.  fahr.  is  its  cooling-ca- 
pacity. Referring  to  Fig.  4,  we  find  that  90,000  is  on  the 
chart;  but  how  can  we  use  Professor  Lockwood's  chart 
when  we  do  not  know  what  temperature-difference  he  has 
used.  We  used  100  deg.  fahr.  (=  190  —  90),  but  he  may 
have  used  100,  105,  95  or  what  not.  The  only  reference 
is  in  the  second  paragraph  under  "Cooling  Capacity 
Charts,"  where  it  is  stated  that  the  "water-tempera- 
tures were  taken  as  200  to  180  for  pump-circulation,  and 
200  to  140  deg.  fahr.  for  thermo-syphon  circulation."  The 
air-temperature  was  assumed  to  be  80  deg.  fahr.  Thus, 
it  would  appear  that,  in  the  chart,  reproduced  as  Fig.  5, 
the  temperature-differences  were  taken  as  190  —  80  = 
110  deg.  fahr.,  and  [(200  +  140) /2)]  —  80  =  170  —  80 
=  90  deg.  fahr.  for  pump  and  thermo-syphon  systems 
respectively. 

Again,  before  we  could  use  Fig.  4,  or  in  fact  before 
Fig.  4  can  convey  any  intelligent  meaning,  it  will  be 
necessary  that  we  know  the  size  of  the  radiators.  In  the 
example  given  above,  I  took  a  core  20  in.  high  and  20  in. 
wide;  in  all  my  special  testing  work  for  several  years  I 
have  adopted  a  standard  core,  17  x  17  in.  in  size,  because 
this  is  nearly  equal  to  2  sq.  ft.  of  frontal  area.  If  Pro- 
fessor Lockwood  had  given  us  the  size  of  the  radiators, 
including  their  depth,  or  if  he  had  expressed  cooling- 
capacity  in  British  thermal  units  per  minute  per  square 
foot  of  frontal  area  per  certain  number  of  degrees  of 
temperature-difference  between  the  water  and  the  air; 
or  if  he  had  done  anything  equivalent,  then  Figs.  4  and  5 
would  have  meant  something.  It  is  not  possible  to  com- 
pare radiators  on  the  basis  of  British  thermal  units  per 
hour  without  giving  the  above  information  in  one  form  or 
another. 

Another  point  worthy  of  attention  is  the  method  of 
expressing  airflow.  Consider  the  same  example  given 
above  and  suppose  that  the  air-velocity,  as  measured  a 
few  inches  in  front  of  the  radiator,  at  a  section  20  x  20 
in.,  is  20  m.p.h.  Assume  that  the  airflow  is  fairly  uni- 
form, or  that  20  m.p.h.  is  the  average  velocity.  Then  20 
x  880  x  [(20  x20)  /  144]  x  0.075  =4890  x  0.075  =367  lb. 
per  min.  of  airflow  at  the  average  temperature  and 
barometric  pressure.  It  has  been  found  independently 
by  the  Bureau  of  Standards,  by  myself  and  by  others  that 
heat-transfer  depends  upon  the  mass-flow  of  air;  the 
Bureau  of  Standards  in  its  work  has  expressed  this 
mass-flow  in  pounds  per  second  per  square  foot  of  frontal 
area.  This  is  the  correct  way  to  express  mass-flow ;  how- 
ever, in  all  my  work  I  always  have  expressed  it  in  miles 
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;■  of  individual  seamless  copper  tubes. 
In  figuring  the  surface  required  to  cool  an  engine  prop- 
erly with  the  thermo-syphon  system.  1  have  used  a  factor 
for  cubic  contents  per  horsepower  that  never  exceeds  16, 
Our  core-  are  giving  extremely  gratifying  results  in  the 
J  car  of  this  class,  namely,  the  Ford, 
by  using  a  factor  of  4:;  cu.  in.  per  hp.    These  figures  are 

■  i  i>n  the  horsepower  developed  by  the  engine  at  a  road 
speed  of  25  m.p.h.:  in  the  above  case,  very  close  to  L6, 

As  I  understand  Professor  Lockwood's  charts.  Figs. 
.".  and  1.  he  bases  his  calculations  on  the  assumption, 
which  is  probably  true  for  certain  types  of  core,  that 
speeds  of  22  and  44  m.p.h.  correspond  to  air-velocities 
through  the  core  of  1500  and  ."WOO  ft.  per  min.,  respec- 
tively. Professor  Lockwood  probably  assumes  that  these 
figure-  are  approximately  correct  for  all  types  of  core  for 
the  reason  that,  in  Table  1.  he  finds  that  the  free  areas 
of  all  types  are  approximately  equal.  We  have  found  in 
testing  various  cores  that  although  the  free  area  of  any 
.  especially  one  of  the  fin-and-tube  type,  or  of  a  cer- 
tain ribbon  cellular  type,  might  be  close  to  that  of  an  in- 
dividual tube  type,  yet  the  resistance  to  airflow  of  the 
first  two  types  greatly  exceeds  that  of  the  last.  This  is 
explained,  to  my  mind,  only  by  the  fact  that  the  eddy  cur- 
rents set  up  in  the  first  two  create  an  extra  high  resist- 
ance that  we  do  not  encounter  in  our  core.  Because  of 
the  lower  resistance  to  airflow  of  our  core,  we  are  able 
to  use  a  lower  factor,  or  a  higher  heat-transfer  coeffi- 
cient, than  is  ordinarily  used  in  common  practice. 

I  believe  that  Professor  Lockwood  also  makes  the 
statement  that  the  radiating  surface  might  be  considered 
proportional  to  the  cubic  displacement  of  an  engine,  or 
in  other  words,  to  its  nominal  horsepower.  If  this  is 
so,  I  have  never  been  able  to  explain  satisfactorily  why 
it  is  that  we  can  cool  such  engines  as  the  Ford,  the 
.Maxwell  and  the  Chevrolet  properly,  all  of  which  are 
syphoned  by  using  a  factor  of  1%  sq.  ft.  of  radiating- 
surface  per  nominal  horsepower,  yet  we  find  it  necessary 
•  ■  '_'  \  sq.  ft.  per  hp.,  or  more,  when  figuring  other 
-  that  have  a  regular  pump  system.  Perhaps  it  may 
be  on  account  of  the  obstruction  to  the  airflow  in  the 
large  cores  that  is  caused  by  the  smaller  clearance  be- 
tween the  engine  and  its  accessories  and  the  hood,  or 
louvres;  but  of  this  point  I  am  not  certain. 

In  conclusion,  has  Professor  Lockwood  ever  reduced 
his  calculations  to  the  form  of  British  thermal  units 
dissipated  per  pound  of  core?  To  me  this  seems  to  be 
the  logical  procedure  for,  while  it  is  admitted  that  a 
larger  amount  of  radiating  surface  can  be  created  in 
any  core  by  the  addition  of  various  fins,  inserts  and  the 
like,  yet  the  type  of  core  that  will  emerge  superior  will 
be  represented  by  the  core  that  can  dissipate  the  largest 
number  of  heat  units  with  tl  weight. 

L.  C.  JOSEPHS,  JR.: — Professor  Lockwood's  paper  is 
of  particular  interest  to  anyone  connected  with  the 
motor-truck  industry,  as  it  will  be  a  long  time,  if  ever, 
before  rnotor-truck  builders  will  be  able  to  get  away  from 
water-cooling.  Laboratory  tests  of  radiators  are  of  con- 
siderable value,  but  great  care  mu.-t    be   taken   in   u 

•    results  to  determine!  the  probable  performance  of 
some  new  design.     At  the  plant  with  which   I  am  con- 
t'd considerable  work  has  been  done  along  these  lines. 
ta  were  made  on  small  and  on  full-size  sections 
of  core  mounted  in  a  wind-tunnel,  to  determine  the  rela- 
tive efficiency  of  the  various  designs  of  core;  and  a  large 
amount  of   interesting  data  was   found   with   regard  to 
oi    coefficients.     Figs.  8  to  10  show  some 
of  the  results  of  this  work. 

The  several  point-  of  view  from  which  to  judge  the 
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efficiency  of  an  automobile  radiator  in  regard  to  the 
amount  of  heat  removed  are  (a),  per  cubic  foot  occupied 
by  the  cooling  system;  (b),  per  horsepower  consumed 
in  air  and  water  circulation;  and  (c),  per  pound  of  core 
material.  The  same  type  of  core  will  not  be  the  best 
when  viewed  from  all  three  angles.  When  a  cooling- 
system  of  a  definite  design  is  to  be  considered,  a  com- 
promise among  these  three  points  of  view  will  be  neces- 
sary. 

For  this  reason,  we  discontinued  wind-tunnel  tests 
some  2  years  ago  and  have  made  all  the  tests  since 
then  on  a  test-stand  on  which  a  complete  cooling-system 
is  set  up,  exactly  as  it  would  be  on  a  motor  truck.  The 
power  is  absorbed  in  a  dynamometer  and  complete  data 
can  be  secured  as  to  temperature,  water-circulation  rate, 
air-circulation  and  the  like.  The  test  is  made  in  a 
closed  compartment  so  that  any  desired  room-tempera- 
ture can  be  secured,  even  as  high  as  135  deg.  fahr., 
which  corresponds  to  the  conditions  in  the  Imperial 
Valley  in  California.  It  is  possible  with  this  set-up  to 
test  not  only  radiator  cores,  as  a  part  of  a  cooling- 
system,  but  the  equally  important  items  of  pumps,  fans, 
nature  of  the  flow  in  the  water-jackets,  restrictions  in 
the  outlet  of  the  air  and  many  other  seemingly  minor 
points  that  actually  have  a  great  effect  on  a  cooling- 
system.  As  a  result  of  tests  of  this  kind,  our  com- 
pany has  developed  a  very  simple  cooling-system  recently, 
which,  without  boiling,  will  take  care  of  the  heat  losses 
of  the  engine  continuously  at  full  load  at  any  speed,  at 
a  still-air  temperature  from  100  to  110  deg.  fahr. 

In  describing  the  air-cooling  system  developed  by  his 
company,  C.  P.  Grimes  made  some  similar  claims, 
qualifying  them  by  stating  that  a  quantity  of  air  should 
be  blowing  against  the  crankcase.  It  is  interesting 
also  to  note  that  in  the  system  that  we  have  recently 
developed  we  have  secured  an  air-temperature  rise  as 
great  as  60  per  cent  of  the  air-water  temperature- 
difference,  which  is  equal  to  the  results  claimed  by  Mr. 
Grimes. 

Professor  Lockwood: — Mr.  Diamant's  comments  and 
criticisms  are  interesting,  if  only  to  prove  that  radiator 
testing  is  still  an  unorganized  science,  where  fellow 
workers  have  difficulty  in  understanding  each  other.  It 
would  be  a  happy  outcome  of  this  discussion  if  a  better 
agreement  could  be  reached  on  some  of  the  fundamentals 
of  the  subject. 

Let  us  look  first  at  Mr.  Diamant's  example  of  a  core 
20  x  20  x  3  in.;  water-flow,  50  gal.  per  min.;  air  velocity 
20  m.p.h. ;  and  radiating  surface  100  sq.  ft.    This  core  is 
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Fig.   10 — Heat-Convection   Coefficient  Curves  for  a  Streamline 
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supposed  to  dissipate  1500  B.t.u.  per  min.  with  a  mean 
water-temperature  of  190  deg.  fahr.  and  mean  air-tem- 
perature of  90  deg.  fahr.,  where  the  heat-transfer  co- 
efficient is  found  to  be  9.0  B.t.u.  per  hr.  per  sq.  ft.  per 
deg.  fahr. 

To  compare  this  radiator  with  another  one  similar 
to  it  in  every  way  except  that  the  depth  is  changed  to 
4  in.,  it  will  be  necessary  to  make  three  new  assump- 
tions. First,  the  surface  must  be  increased  in  propor- 
tion to  the  depth,  or  in  the  ratio  of  4  to  3.  Second,  the 
water-flow  must  be  increased  to  make  the  water  tem- 
perature drop  the  same  in  both  cores.  Third,  the  heat- 
transfer  coefficient  will  be  slightly  less  for  the  deeper 
core.  The  claim  that  my  paper  gives  no  directions  for 
water-flow  in  this  case  is  not  well  taken,  since  the 
paragraph  on  Limiting  Values  of  Core  Depths  states 
clearly  that  the  water-flow  is  to  be  changed  to  produce 
the  same  temperature  drop. 

In  applying  formula  (7)  to  this  case,  it  is  not  neces- 
sary to  know  the  rate  of  water-flow,  as  the  temperature 
drop  gives  the  same  information.  To  illustrate  this 
point  and  incidentally  to  show  the  utility  of  formula 
(7),  the  heat  radiation  for  the  4-in.  core  will  be  com- 
puted with  all  other  conditions  unchanged.  The  sur- 
face will  be  increased  from  100.0  to  133.3  sq.  ft.  The 
water-temperature  drop  will  be  90,000  divided  by  50  x 
8  x  60,  or  3.75  deg.  fahr.  The  heat-transfer  coefficient 
will  be  reduced  from  9.0  to  8.5,  an  arbitrary  figure  in 
the  lack  of  experimental  data  on  this  point.  The  air- 
flow will  be  computed  from  the  3-in.  core,  as  this  value 
must  hold  for  the  4-in.  core  also.  It  will  be  assumed 
that  the  air  velocity  of  25  m.p.h.  relates  to  the  air 
approaching  the  radiator  being  reduced  to  65  per  cent 
of  the  original  velocity  when  passing  through  the  free- 
air  area.  With  this  velocity  and  a  free-air  area  that  is 
70  per  cent  of  the  frontal  area,  the  air-flow  by  formula 
(2)  is  found  to  be  9500  lb.  per  hr.  The  temperature 
of  the  air  approaching  the  radiator  will  be  assumed  as 
the  same  for  both.  The  air-temperature  rise  for  the 
3-in.  core  is  90,000  divided  by  0.24  x  9500,  or  39.5  deg. 
fahr.  Accordingly,  if  the  mean  temperature  is  90  deg. 
fahr.,  the  entering  temperature  must  be  90 — 19.7,  or 
practically  70  deg.  fahr. 

Substituting  the  values  in  formula  (7),  the  heat 
radiated  is  found  to  be  108,000  B.t.u.  per  hr.  for  the 
4-in.  core.  Special  attention  is  called  to  the  facility 
with  which  this  problem  is  solved  by  formula  (7).  The 
rate  of  water-flow  was  not  required  in  formula  (7),  but 
it  can  now  be  computed  by  formula  (3)  as  29,000  lb. 
per  hr.,  or  60  gal.  per  min.,  as  compared  with  50  gal. 
per  min.  for  the  3-in.  core.     The  final  air-temperature 
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Pa-  he  problem  just  considered  of  water- 

let  us  consider  the  variation 
■:ie  radiator  i  fifed  on  the  heat 

transfer  and  I  apacity.    The  diagrams  of  my 

paper  ai  (    the   hi  t"er  with 
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wat>  ertain  value  of  say  S  gal.  per  min. 

per  •  pth   and   a    1-ft.    width    of   core,    the    heat 

transfer  per  radically  constant.     There 

pancy  between  my  results  and 
those  of  the  Bureau.  My  experiments  have  been  carried 
on  oi  ■  r-flow  from  0.5  to  2.0  gal.  per 

min.  per  in.  of  depth  and  a  1-ft.  width  of  core.  Over 
anafer  varies  with  the  water-flow, 
as  all  experimenters  know.  These  velocities  were  chosen 
as  covering  the  ground  between  thermo-syphon  on  the 
one  hand,  and  pump  circulation  on  the  other. 

iff  of  heat  transfer  at  low  water-velocities 
has  been  charged  to  a  lack  of  turbulence  in  the  stream. 
A  more  natural  explanation  is  that,  at  low  velocities,  the 
water  chooses  certain  channels  or  tubes  that  offer  least 
-,  while  the  remaining  channels  have  practically 
no  circulation,  hence  rendering  parts  of  the  core  in- 
operative, or  :  • 

g.  4.  that  Mr.  Diamant  has  criticised. 
it  may  be  sufficient  to  say  that  this  diagram  was  pre- 
pared solely  to  compare  different  tyj  re  with 
each  other,  I  conclusions  as  to  their  value  for 
cooling.  For  that  reason  the  size  of  core  used  in  the 
comparison  was  not  given.  On  the  other  hand,  Fi 
is  intended  to  apply  to  one  kind  of  core  of  any  frontal 
area  or  depth  within  the  limits  stated.  This  diagram 
can  be  prepared  for  a  give  conditions,  which  are 
prescribed  in  advance.  If  different  conditions  are  pre- 
scribed, am  must  be  prepared.  The  con- 
diti>  ig.  5  were  a  constant  car-speed  of  25  m.p.h., 
approaching  air  at  80  deg.  fahr.  water-circulation  suf- 
;>erature  drop  of  from  200  to  180 
deg  of  core,  and  a  good  type  of  ribbon 
cellu  •  ;uired  water-flow  for  each  core  is 
given  at  the  bottom  of  the  chart  in  two  different  units. 
In  a  solve  the  problem  proposed  by  Mr. 
this  chart,  the  conditions  differ  so  widely 
that  the  chart  cannot  be  used. 

rig  air-flow,  Mr.  Diamant  and 

I  ar-  :.  we  appear  to  have  little  common 

gro^  I     ■    •  xample,    he    refers    to    an 

as*-  of  ■  with  a  given  air 


velocity  in  front,  for  which  he  figures  a  mass  ilow  of 
861  ll>.  per  min.  1  have  figured  the  air  flow  for  the 
same  data  and  arrive  at  the  result  of  170  lb.  per  min. 
Apparently,  we  are  computing  something  different  and 
are  calling  it  by  the  same  name.  Mr.  Diamant  is  plainly 
unable  to  understand  my  method  of  handling  air  velocity, 
and  I  confess  to  inability  to  understand  how  he  uses 
mass-flow   in   hk>  computations. 

It  is  interesting  to  learn  from  Mr.  Foisy  thai  manu- 
facturers of  air-tube  cellular-cons  are  obtaining  satis- 
factory cooling  with  core  volumes  of  -13  cu.  in.  per  hp. 
at  26  m.p.h.,  and  thermo-syphon  circulation.  Pump  cir- 
culation is  always  assumed  to  give  better  cooling  than 
thermo-syphon.  yet  the  paradoxical  fact  exists  that  some 
engines  cool  better  with  thermo-syphon  than  others  with 
a  pump.  The  reason  is  to  be  found  among  the  several 
things  mentioned  by  Mr.  Foisy,  such  as  influence  of  the 
engine  fan  and  the  restrictions  in  the  outlet  of  the  air 
from  under  the  hood.  I  have  not  made  the  comparison 
suggested  by  Mr.  Foisy,  of  cooling  capacity  based  on 
the  weight  of  core  used.  This  comparison  is  closely 
bound  up  with  another  of  the  same  kind,  the  cooling 
capacity  per  cost  of  core. 

Mr.  Josephs  has  referred  to  a  practical  method  of 
testing  radiators  used  by  his  company,  employing  ap- 
paratus exactly  equivalent  to  the  truck  on  which  the 
radiator  will  be  used.  As  no  mention  was  made  of  a 
separate  blower,  I  assume  that  the  engine  fan  circulated 
the  air  for  cooling.  We  have  made  a  few  experiments 
on  the  rear-wheel  dynamometer  of  a  similar  kind.  With 
the  rear  wheels  resting  on  the  drums,  the  engine  was 
run  with  a  gradually  increasing  load  until  the  radiator 
boiled,  with  no  air  cooling  except  that  given  by  the  fan. 
At  the  ordinary  room  temperature,  the  Ford  radiator 
boiled  with  only  4  hp.  on  the  engine.  Under  the  same 
conditions,  a  Willys-Knight  radiator  cooled  the  engine 
when  developing  28  hp.  with  no  evidence  of  excessive 
heating.     Both  engines  had   thermo-syphon  circulation. 

Chairman  Litle  has  mentioned  the  problem  of  steam 
cooling  and  how  the  radiator  is  dealt  with  in  this  case. 
It  is  safe  to  say  that  the  heat  dissipation  with  steam 
in  the  radiator  is  exactly  similar  to  that  for  water. 
The  steam-heated  surfaces  will  be  at  a  higher  tempera- 
ture than  the  water-heated  surfaces;  hence,  they  are 
more  effective  for  heat  removal.  The  thermal  formulas 
for  cooling  capacity  apply  equally  to  water  or  steam. 

Mr.  Cucurello  raises  a  point  in  radiator  construction 
that  is  rarely  mentioned,  the  limiting  height  of  the 
core.  He  cites  the  case  of  an  airplane  radiator  that 
was  divided  into  two  parts,  with  a  water  header  sup- 
plying hot  water  to  the  top  and  the  bottom  parts,  with 
a  marked  gain  in  cooling. 


IMPURITIES  IN  STORAGE-BATTERY  ELECTROLYTES 


TH ;  .ncerning  the 

ytes  arises 
'  thi-m  produce  on 
and  life  of  the     toratfe-battery. 

of  ipecift  .  iphuric  acid  f  ;iatteries. 

!ate»  wn  ed  at  the  Bureau  of  Stand- 

■d  and  apparatus  ha  toyed 

Itioiu,  and  the 

•ffec*.»  of    -n  .  iron,  manjfanene,   platinum   and 


copper  have  been  determined.  It  was  found  that  the  presence 
of  1  part  in  10,000,000  of  platinum  in  the  electrolyte  increases 
the  local  action  at  the  negative  plates  50  per  cent;  the  effect 
of  copper  is  much  less,  while  the  effect  of  iron  is  of  unusual 
i.ecause  of  it-  accelerating  action  at  the  negative 
plates.  Manganese  depo  its  upon  the  positive  plates  In  the 
form  of  manganen  which  covers  the  active  material, 

clones  the  pores  and  causes  a  lar^e  amount  of  charging  cur- 
rent to  be  wasted  a    ga  .     Work  is  being  extender!  to  include 
(feet  of  the  other  impurities  that  are  frequently  pre  enl 
in  thi 
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Two  Kinds  of  Engineering 


By  F.  E.  Moskovics1 


Indiana  Section  Paper 


MR.  MOSKOVICS  pays  tribute  to  the  motor-car  en- 
gineer as  being  one  of  the  great  benefactors  of 
humanity,  and  bfelieves  that  two  definite  kinds  of  en- 
gineering, theoretical  and  empirical,  are  essential  in 
designing,  developing  and  building  the  truly  great 
motor-car.  He  enlarges  upon  the  requirements  of  em- 
pirical engineering  and  emphasizes  the  necessity  for  it, 
since  empiricism  is  founded  upon  fact,  experiment  and 
experience,  the  last  being  inclusive  of  the  essential 
element,  time,  without  which  no  car  can  be  proved 
great. 

The  service  department  is  stated  to  be  the  only  de- 
partment in  the  automotive  industry  that  can  digest 
the  empirical  data  that  are  obtainable  from  the  actual 
experience  of  the  public  while  operating  cars  and  pre- 
sent it  in  an  understandable  form  to  the  engineer,  the 
agent  being  the  service-manager,  and  a  plea  is  made 
that  he  function  as  the  eyes  and  ears  of  the  automotive 
engineer. 

I  YIELD  to  no  man  in  my  conception  of  the  magnitude 
and  importance  of  the  position  of  the  engineer  in 
our  industry.  What  he  has  accomplished  in  the 
past,  almost  unaided  by  any  historical  data,  is  but  a 
greater  tribute  to  his  genius  and  sheer  ability.  I  believe 
that  the  motor-car  engineer  has  been  one  of  the  greatest 
benefactors  of  humanity  in  general,  and  of  our  own 
generation  in  particular.  Our  present-day  motor-car, 
with  its  combination  of  excellence  and  low  price,  is  a  tri- 
bute to  him.  The  rise  of  the  engineer  as  a  leader  in 
thought  and  development  in  all  social  endeavors  has  been 
extremely  rapid,  and  it  has  come  through  sheer  proof 
of  his  ability  to  analyze,  deduce  and  conclude,  and  then 
put  his  findings  into  action  to  express  energy  in  terms 
of  fact. 

The  technical  man  alone  is  responsible  for  this  early- 
stage  development  of  the  modern  motor-car  as  a  trans- 
portation unit.  After  all,  this  is  only  an  elementary 
stage;  the  stage  wherein  it  has  been  proved  definitely 
that  motor-cars  can  be  made  to  operate  over  a  fairly  wide 
range  of  conditions  and  to  perform  their  functions  with 
a  reasonable  degree  of  consistency  and  of  comfort  to 
their  users.  The  industry  is  rapidly  approaching,  if, 
indeed,  it  has  not  already  reached,  a  more  mature  stage. 
And  especially  is  this  true  on  the  mechanical  side. 

The  reaping  of  the  best  rewards  of  this  stage  will 
require  a  different  kind  of  engineering,  and  I  have  no 
hesitancy  in  saying  that  anything  less  than  the  very 
best  results  will  reap  no  rewards.  So,  any  remarks  that 
follow,  I  beg  will  not  be  taken  as  a  reflection  upon  the 
accomplishments  of  the  engineer,  but  rather  as  sug- 
gestions as  to  how  he  can  approach  more  easily  and 
accomplish  a  little  more  fully  the  more  wonderful  things 
that  open  before  him  for  tomorrow. 

Future  Engineering  Accomplishment 

As  I  view  the  mechanical  structure  of  our  industry, 
to  design,  develop  and  build  the  truly  great  motor-car, 
two  definite  kinds  of  engineering  are  essential.  Nay, 
I  would  say  absolutely  imperative.  The  first  I  shall  call 
technical.     Theoretical,  if  you  please.     Here  the  techni- 
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cally  educated  and  trained  engineer  is  supreme  and  alone. 
Here  the  technician,  the  physicist,  the  metallurgist,  the 
mathematician,  the  chemist,  combine  to  design  the  com- 
ing car  theoretically.  But,  after  all  is  said  and  done,  a 
car  designed  by  the  best  of  these  elements  is  only  an 
unbaked  shell.  No  truly  great  motor-car  was  ever  de- 
veloped only  on  paper.  I  even  venture  the  statement 
that  no  new  engine  was  ever  great  during  the  first  years 
of  its  existence.  So,  the  technical  man  may  design  and 
experiment.  He  may  drive  and  experiment  with  engines 
to  his  heart's  content.  But,  until  the  car  has  gone  through 
the  varying  crucible  of  the  untrained,  untried  public's 
hands,  it  will  never  be  really  great.  Theoretically,  it 
may  have  every  element  of  soundness.  Metallurgically, 
it  may  be  ideal.  But  until  it  has  gone  throught  the  mil- 
lions of  miles  in  the  hands  of  the  more  or  less  unskilled 
Mr.  and  Mrs.  General  Public,  it  is  untried  and  unfinished. 

And  here  comes  in  my  second  kind  of  engineering, 
which  I  will  call,  for  want  of  a  better  name,  empirical 
engineering.  The  definition  of  an  empiricism  is  a  con- 
clusion founded  on  fact,  on  experiment,  on  experience. 
The  engineer  must  put  his  motor-car  through  the  ex- 
periments and  experience  in  the  hands  of  Mr.  Everybody ; 
and,  add  to  that,  the  always  essential  element  without 
which  no  car  can  be  proved  great,  time. 

Under  this  form  of  engineering,  consideration  must 
be  given  to  every  possible  factor;  varying  climatic  and 
road  conditions  over  the  entire  area  in  which  the  car 
is  to  be  used.  I  submit  to  you  that  the  confines  of  our 
own  Country  plus  Canada  offer  in  themselves  a  most 
fruitful  field  of  study  on  this  one  subject.  In  the  matter 
of  the  effect  of  altitude  on  both  mixtures  and  pressures; 
the  type  of  owner  whom  your  particular  car  appeals  to; 
the  chauffeur  in  the  case  of  a  car  of  the  higher  grade; 
the  maximum  abuse  the  car  can  encounter,  which  will 
vary  with  its  flexibility  and  speed;  fuels,  good,  bad  and 
indifferent ;  lubricants,  their  uses  and  abuses.  After 
taking  into  consideration  only  these  few  points,  without 
endeavoring  to  cover  the  field,  deliberate  for  a  moment 
upon  maximum  possible  stresses  the  car  can  be  subjected 
to  by  the  greatest  combination  of  all  these  elements. 
Empirical  engineering  must  watch  and  study  the  cars 
in  the  hands  and  haunts  of  those  great  bosses  of  all 
of  us,  Mr.  and  Mrs.  Ultimate  Consumer.  It  must  see, 
hear  and  understand  and,  when  all  the  evidence  is  at 
hand,  act  intelligently. 

Data  for  Empirical  Engineering 

Now  the  true  data  for  this  second  kind  of  engineering 
cannot  be  supplied  by  the  engineering  department,  due 
to  the  inherent  limitations  of  its  own  peculiarities,  its 
forms  of  organization  and  the  fact  that,  after  all,  the 
engineer  cannot  make  himself  omniscient  and  cover  the 
entire  universe.  Moreover,  the  engineer  is  entirely  too 
personal  in  viewing  the  child  of  his  brain,  and  cannot 
look  fairly  on  the  actions  and  results  of  that  child  when 
it  gets  out  into  the  wide,  cruel  world. 

In  the  modern  motor-car  factory,  there  is  only  one 
department  that  can  digest  this  information  properly  and 
present  it  in  understandable  form  to  the  engineer,  the 
service  department.  I  will  not  attempt  here  to  analyze 
the    meaning    of    service,    but    I    will    say    that    in    the 
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.    depart- 

rtical 

and-night, 

For  the  pur: 
of  t:  the  work 

of  the  * 

Tk  Manager 

H«  be  in  touch  with  the 

dealt  :epartments    throughout    the    Country. 

He     '  he    individual   complaints   from 

the  i  bo  come  into  contact  with  the  well-equipped 

and  poorly  equipped  -  The  value  of  his 

work  I   by   the  accuracy   and  clearness  with 

to  the  engineering  de- 
partment .i  he  collects.     He  is  charged  with  the 

rtra  ing  just  what  the  product 
is  doing.  He  must  interpret  the  public's  approval  or 
disapproval  of  the  mechanical  operation  of  the  car;  and, 
•ut  abuse  or  personal  rancor,  distill  the  seething 
mass  of  information  he  secures  into  intelligible,  usable 
data.  This  is  a  mighty  problem,  a  great  duty.  It  is 
second  only  in  importance  to  the  design  of  the  car  itself. 
j  will  remember  that  there  has  always  been  grave 
argi.  no  accomplished  the  greatest  good  for 

Country;  George  Washington,  the  founder,  the  be- 
ginner, or  Abraham  Lincoln,  the  savior.     I  view  the  re- 
lations of  the  engineer  and   the  service  department   in 
much  the  same  light.     The   service   manager  must  be 
diplomatic  enough  in  the  moments  of  stress,  when  a  par- 
ticular t  -)ing  "bad,"  to  present  the  case  to  the 
•.eering  department  in  purely  mechanical  terms.    He 
venture  an  opinion  as  to  a  cure,  especially  if  it  is  the 
..:  of  contact  with  a  number  of  service-men.     He  can 
even  arrange  matters  so  that  trusted   service-men   who 
tome  into  direct  contact  with  the  owners  will  be  brought 
for  a  confidential  conference.     All  this 
-ting  any  reflections  on  the  en- 
••ring    department,    without    any    rancor   or    feeling, 
-fold  ability.     The  service  de- 


is  it  can  be  done  is  invaluable 
to  the  engineering  department,  and  no  great  engineer 

will  ever  refuse  to  welcome  and  use  information  obtained 
in  this  w 

If  department   functions   in  this  manner, 

.1  be  the  eyes  and  ears  of  the  engineer.  It  will  in- 
form him  as  to  where  throughout  the  Country  casing- 
head  fuels  are  being  used;  where  engine  pounds  are  de- 
ed due  to  blended  fuels;  where  crankcase-oil  dilution 
and  its  attendant  difficulties  are  most*  prevalent.  The 
service  department  that  does  that  to  the  greatest  ad- 
vantage will,  in  my  opinion,  perform  its  other  more 
routine  duties  with  little  effort. 

In  a  properly  organized  company,  the  chief  executive 
will  see  that  the  service  department  has  a  voice  in  bring- 
ing these  topics  before  a  properly  constituted  authority, 
preferably  the  engineer.  If,  after  enough  repetitions 
have  occurred  to  constitute  a  history,  the  mistakes  have 
not  been  rectified,  a  clear  channel  should  be  established 
through  which  the  service  manager  can  present  the  dif- 
ficulties to  a  higher  authority.  The  right  kind  of  service 
manager  does  not,  I  believe,  need  this  channel,  but  will 
force  the  matter  to  an  early  conclusion. 

Transportation  Is  the  Commodity  Sold 

After  all  is  said  and  done,  we  are  selling  transporta- 
tion. We  are  not  selling  a  mass  of  steel,  aluminum,  rubber, 
glass  and  leather  called  a  motor-car.  That  is  not  what 
we  are  designing.  It  is  the  ability  of  this  impersonal 
thing  to  perform  acts  of  transportation  that  is  important. 
And  the  service  manager  is  the  one  man  in  the  organiza- 
tion who  can  translate  in  substantial  form  what  the 
engineer  should  know,  whether  the  mechanism  is  de- 
livering the  form  of  transportation  that  our  sales  de- 
partments glibly  promised  to  the  ultimate  consumer. 

As  the  motor-car  approaches  more  nearly  the  stage 
of  mechanical  perfection,  this  work  becomes  more  and 
more  important,  because  our  public  will  become  more 
and  more  critical;  the  little  things  we  overlooked  before 
become  more  and  more  aggravating,  and  can  be  elimi- 
nated only  by  the  closest  attention  to  detail  and  ascer- 
taining the  real  results  in  the  owner's  hands.  It  is  the 
irrefutability  of  basic  facts  that  gives  the  modern  engi- 
neer leadership. 
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about  12  tons  per  sq.  in.,  compared  with  7  tuns  for  a  1-per 
cent  copper  alloy  that  was  used  to  a  very  great  extent 
few  years  ago. 

Cases  occurring  of  burnt  aluminum  pistons  show  the 
upper  side  of  the  piston-head  pitted  like  a  sand-eatc 
probably  due  to  either  faulty  design  or  defective  lubrication, 
lurgically,  the  fault  appears  to  lie  with  the  fusion  and 
the  migration  of  the  copper-aluminum  eutectic  with  the 
ultimate  the    whole    metal.     T< 

the  occurrence  of  large  connected  masses  of  copper-aluminum 
•ic,   the  casting   temperature   must    be   kept  as   low   as 
Ible.     Experiments  show  that  the  clearance  should  i-x- 
by   BO  per   cent  that  of  a   cast-iron    piston.     The 
ms   are   subjected   to   a    temperature   of   about   716   deg. 
fahr.   for  at  least  f,  hr.,  but   preferably  24,  in  order  to  bring 
r-aluminum  compound.  C'uAl.,  into  solid  solution. — 
I  •  •   Mi  Uii  Industry. 
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Testing  Materials  for  Automotive  Parts1 


By  R.  J.  Allen5 
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IN  the  production  of  any  complicated  machine  such  as 
the  automobile  considerable  attention  is  paid  to  the 
dimensional  inspection  of  all  parts  while  but  little 
attention,  comparatively,  is  paid  to  the  inspection  of  the 
quality  of  the  material  used  other  than  to  see  that  its 
surface  is  of  the  desired  hardness  and  free  from  seams 
or  cracks.  The  reason  for  this  is  two-fold:  First,  inac- 
curately machined  parts,  aside  from  being  non-inter- 
changeable, cause  trouble  in  assembly  and  also  prevent 
the  smooth  operation  demanded  by  sales,  while  unsound  or 
improperly  heat-treated  parts  do  not,  in  most  cases,  cause 
trouble  until  after  they  have  been  in  service  for  some 
time;  second,  instruments  for  checking  the  dimensions 
of  any  machined  surface  have  been  developed  to  a  much 
greater  extent  than  have  those  for  peering  into  the  in- 
terior of  metals,  so  that  the  inspection  of  the  latter  is 
necessarily  more  troublesome  and  uncertain. 

The  magnetic  analysis  and  the  X-ray  offer  possibilities 
for  the  future,  but  at  present,  aside  from  the  simple 
surface-hardness  test,  all  forms  of  physical  tests  are  more 
or  less  destructive  in  nature  and  hence  cannot  be  applied 
readily  to  the  part  intended  for  service.  The  usual 
practice  therefore  is  to  select  representative  samples 
from  the  lot  of  material  received  from  the  mill,  make 
tests  on  these  and  assume  the  remainder  of  the  stock  to 
be  of  the  same  nature.  Material  accepted  by  these  tests 
is  then  passed  for  use  to  be  worked  into  forgings  or  ma- 
chined parts.  If  the  tests  are  numerous  enough  and  the 
results  uniformly  good,  it  is  perhaps  logical  to  assume 
that  the  material  is  satisfactory,  but  subsequent  to  these 
tests  carelessness  on  the  part  of  the  forge-man  through 
improper  hammering  or  excessive  overheating,  or  on  the 
part  of  the  heat-treater  may  leave  some  of  the  pieces  in 
such  condition,  not  revealed  by  the  final  Brinell  hardness 
test,  that  ultimate  failure  in  service  must  result.  The 
representative  tests  on  the  original  stock  therefore  cannot 
be  regarded  as  a  true  criterion  of  the  finished  part. 

Prolongation  Tests 

To  the  company  whose  reputation  is  built  on  the  con- 
tinuity of  service  of  each  individual  car  over  long  periods 
of  time  without  replacement  or  adjustment  because  of 
breakage  or  excessive  wear  it  is  essential  that  the  sound- 
ness of  each  important  or  highly-stressed  part  be  assured 
before  it  is  passed  for  service.  On  vital  parts,  such  as 
steering  members,  where  failure  may  result  in  serious 
accident,  this  is  doubly  important.  With  present  facil- 
ities the  only  reliable  and  at  the  same  time  practical 
way  of  obtaining  this  assurance  is  by  the  individual 
fracture-test.  This,  while  not  made  on  the  material 
actually  used  in  the  part,  can  be  carried  so  close  to  the 
actual  part,  with  the  aid  of  a  properly  attached  pro- 
longation, that  the  possibility  of  variation  is  indeed 
slight. 

Fig.  1  shows  a  few  of  the  parts  of  the  Rolls-Royce 
chassis  provided  with  test  prolongations.  These  exten- 
sions are  left  undisturbed  until  the  pieces  have  passed  all 
stages  of  heat-treatment  and  final  hardness  inspection. 
Then  they  are  nicked,  broken  off  and  examined.     It  will 

1  Prom  an  address  delivered  before  the  Providence,  R.  I.,  chapter 
of  the  American  Society  for  Steel  Treating.  * 

*  Metallurgist,  Rolls-Royce  of  America,  Inc.,  Springfield,  Mass. 


-Method  of  Attaching  Test  Prolongations,  Indicated  bt 
Arrows,  to  Highly  Stressed  Parts 


be  noted  that  the  prolongations  are  located  so  that  when 
fractured  they  expose  a  transverse  section  of  the  central 
portion  of  the  metal  being  used.  Attention  is  called  to 
the  ball-end  for  the  steering  piece,  a  part  machined  from 
bar  stock,  with  its  double  prolongation.  The  upper  one 
reveals  the  depth  and  refinement  of  case,  when  fractured ; 
the  lower  one,  bent  through  an  angle  of  90  deg.,  reveals 
the  ductility  of  the  core. 

From  the  appearance  of  the  fracture  one  can  tell 
whether  the  material  is  sound  and  in  the  structural  con- 
dition desired,  and  also  predict  with  considerable  ac- 
curacy the  results  that  would  be  obtained  on  a  physical 
test.  The  prediction  as  to  physical  results,  however, 
like  the  file  test  for  hardness  or  the  color  observation  for 
temperature,  is  not  absolute,  and  recourse  must  be  had 
frequently  to  some  standard  form  of  physical  test,  just 
as  the  feel  of  the  file  must  be  checked  against  the  sclero- 
scope  and  the  color  against  the  pyrometer. 

Dynamic  Tests 

Excluding  the  hardness  test,  which  is  non-destructive, 
the  forms  of  physical  test  against  which  fracture  may  be 
checked,  vary.  The  tensile  test  is  undoubtedly  funda- 
mental, but  its  static  form  of  loading  does  not  approxi- 
mate with  sufficient  accuracy  the  condition  under  which 
most  material  is  stressed  in  service;  other  forms  of  test, 
dynamic  in  nature,  have  therefore  been  devised  to  aug- 
ment the  tensile,  each  intended  to  check  some  particular 
condition  or  form  of  service  stress.  Among  these  may 
be  mentioned  the  Izod  impact,  Upton-Lewis  alternate- 
stress  and  the  Stanton  alternate-impact. 

The  Stanton  machine,  of  English  origin  and  until  very 
recently  relatively  unknown  in  this  country,  has  been 
used  with  satisfactory  results  by  the  company  with  which 
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ALTTa.VATX-IllPACT     Testing     Machinb 

I  am  connected  in  conjunction  with  the  tensile  test  on 
individual  crankshafts,  front  axles,  rear-axle  tubes  and 
on  representative  pieces  selected  from  small  batches  of 
other  parts,  such  as  steering  members,  that  in  service 
are  subjected  to  impact  and  reversed  forms  of  stress. 
The  machine  is  unique  in  that,  first,  the  conditions  of 
test  are  nearly  similar  to  those  encountered  by  the  ma- 
terial in  service,  such  as  a  front  axle  bounding  over  a 
rutty  road;  second,  reliable  test-results  can  be  obtained 
in  the  abort  time  of  about  1  hr. ;  and,  lastly,  results  can 
be  duplicated  with  considerable  accuracy.     It  is  interest- 


inn  to  note  that  the  principle  of  the  test  is  being  copied 
some  of   the  American   instrument   manufacturers; 
the  machine  is  being  offered  for  use  in  slightly  modified 
forms.    The  machine  is  illustrated  in  Fig.  2. 

\nton  Machine 

The  test  piece,  which  is  VS  in.  in  diameter,  has  a  0.05  in. 
square  groove  cut  around  its  periphery  near  the  center  to 
localize  the  stresses.  The  piece,  placed  on  two  anvil  sup- 
-  4%  in.  apart,  is  set  with  the  groove  midway  be- 
tween  the  supports  and  directly  under  the  4-lb.  hammer. 
The  hammer  is  raised  by  a  cam  to  the  desired  height, 
usually  2  in.,  from  which  it  falls  by  gravitation  onto  the 
test-piece.  Each  time  the  hammer  is  elevated,  which  is 
at  the  rate  of  90  times  per  min.,  the  test-piece  is  rotated 
one-half  turn  so  that  successive  blows  are  delivered  on 
opposite  sides.  Failure,  in  the  form  of  a  fatigue,  pro- 
gresses from  the  opposite  sides  toward  the  center  until 
finally  the  section  paralleling  a  diameter  becomes  so  re- 
duced that  it  snaps  off  in  tension.  An  automatic  switch 
stops  the  machine  when  failure  occurs  and  a  recorder 
totals  the  number  of  blows.  The  number  of  blows  ob- 
tained on  the  piece  under  test  is  compared  with  those 
previously  obtained  on  other  pieces  of  the  same  type  of 
material  which  have  stood  up  well  in  service,  and  judged 
accordingly. 

Experience  has  shown  that  by  purchasing  steel  from 
a  reliable  source  where  every  precaution  is  taken  to  pro- 
duce sound  stock,  by  making  suitable  physical  tests 
on  representative  specimens  after  forging  and  heat- 
treating,  by  Brinelling  each  piece  and  finally  reading  the 
individual  test-fracture,  one  can  hold  failures  to  a  neg- 
ligible quantity. 


THE  WAR  ON  THE  LOCOMOTIVE 


JN  rnplainta  now  being  made  by  the  railroad 

officials  that  the  motor  vehicles  are  robbing  their  lines  of 
a  large  [  i  of  the  short-haul  freight  and   passenger 
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■hat  appeared  in  .'.'  March,  1903, 
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■  is  has  fallen  off  i  ,_',000,000  in   7 

year  explanation  is  implied  in  the  curious 
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results  were  satisfactory,  and  swiftly  the  electric  lines 
flung  their  spider  filaments  from  town  to  town,  until 
now  great  sections  of  the  country  are  cobwebbed  with 
them.  The  trolley  map  of  eastern  Massachusetts  looks 
as  complete  as  the  steam  railroad  map.  If  you  have  a 
little  time  to  spare  you  can  go  on  an  electric  car  to 
almost  any  part  of  southern  New  England  that  you 
could  reach  by  a  locomotive,  and  to  a  good  many  parts 
that  you  could  not. 

In  Massachusetts  last  year  four  times  as  many  pas- 
sengers were  carried  by  electric  cars  as  on  the  steam 
roads.  Of  course  that  was  due  chiefly  to  the  dense  city 
traffic,  but  still  the  city  street-c.;  ire  pretty 

complete  ago  and  the  trolley   passenger   busi- 

ness has  doubled  since  that  time,  while  the  steam 
passenger  business  has  actually  declined.  The  electric 
mileage  of  the  State  has  increased  by  from  9  to  18  per 
cent  ince  1894.     In  1901  the  increase  was 

242.7  miles.  In  the  same  year  the  length  of  steam  lines 
was  reduced  by  1.39  miles. 

The  paragraphs  quoted  above  show  that  to  a  certain  extent 
ng  itself.     The  trolley  systems  of  20 
,   have   not   only  been   superseded  as  a   rival  of  the 
railroads  by    tl  bus  as  a  means  of  passenger  trans- 

portation  but  arc  theni  their  turn   feeling  the  I 

tion  at  the  newer  vehicle  that  has  invaded 
the  field  in  which  formerly  they  were  supreme. 
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Shoeing  a  Car  with  Low- Pressure  Air 


By  J.  E.  Hale1 


Semi-Annual  Meeting  Paper 


Illustrated  with  Photographs  and  Diagrams 


THE  author  describes  the  results  of  a  deliberate 
attempt  to  make  motor  vehicles  ride  on  air  that  is 
at  a  low  pressure,  through  the  usage  of  an  air-cushion 
tire  having  greater  carcass  flexibility  than  is  usual  and 
by  enlarging  the  size  of  the  tire  section  so  as  to  pro- 
vide a  greater  area  of  contact  between  the  tire  and 
the  pavement.  The  goal  tried  for  was  to  increase  the 
area  of  contact  sufficiently  so  that  air  pressures  rang- 
ing from  20  to  35  lb.  per  sq.  in.  could  be  employed  in 
actual  practice. 

Fundamental  conditions  are  considered  first,  fol- 
lowed by  statements  as  to  what  advantages  the  air- 
cushion  tires  containing  air  at  low  pressure  give  to  a 
car.  The  effects  on  car  operation  are  presented  at 
some  length,  inclusive  of  considerations  regarding  car 
speed,  steering  ability,  front-wheel  shimmy,  traction, 
braking  control,  blow-outs,  side-sway,  and  other  factors 
of  influence. 

Durability  and  tire  cost  are  treated  in  some  detail, 
specific  applications  of  air-cushion  tires  to  automobiles 
are  considered  and  a  discussion  of  their  desirability  is 
invited.  In  conclusion,  recommendations  are  made  for 
a  new  tire-size  nomenclature,  in  regard  to  oversizing 
and  to  tire-deflection  limitation;  and  specific  tire-size 
recommendations  for  air-cushion  tires  on  stated  makes 
of  car  are  advocated  in  the  Appendix  and  tabulated. 
Numerous  illustrations  and  diagrams  accompany  the 
paper. 

THERE  are  good  reasons  for  believing  that  the 
automobile  industry  is  on  the  threshold  of  the  third 
great  development  in  pneumatic-tire  construction. 
The  motor-car  industry  grew  and  expanded  through  its 
development  years  on  square-woven  fabric-tires  of  rather 
small  cross-section.  The  art  of  building  tires  was  new 
and  our  best  constructions  in  those  days  were  the  small, 
stiff  carcasses  that  naturally  called  for  high  air-pressures. 
Their  shortcomings  are  too  well  remembered  to  need  re- 
calling, to  say  nothing  of  the  range  of  sizes  and  the 
struggle  for  ascendancy  between  clinchers  and  straight- 
sides. 

The  employment  of  cord  fabric  in  carcass  construction 
was  the  second  step  in  advance  in  pneumatic-tire  struc- 
ture. By  virtue  of  this  change  in  carcass  construction, 
together  with  the  realization  of  the  importance  of  more 
ample  sections,  tire  mileages  were  increased  greatly, 
with  a  corresponding  reduction  in  cost.  There  was  not 
only  a  mileage  increase,  but  the  tires  were  much  more 
reliable  and  not  subject  to  such  exasperating  failures. 
It  is  possible  that,  with  the  consummation  of  the  improve- 
ments and  changes  under  development  at  present,  the 
third  step  is  ready  to  be  taken.  In  this  move  we  will 
take  advantage  of  the  cord  construction  that  has  proved 
its  durability  and  reliability,  combine  this  with  a  much 
larger  section  and  a  thinner  wall  and  make  it  possible 
to  ride  on  low-pressure  air  for  the  protection  of  the  car 
and  the  greater  comfort  of  the  passengers,  without  any 
sacrifice  in  economy. 

Someone  has  facetiously  said  that  Goldberg,  the  car- 
toonist, in  portraying  doughnuts  for  wheels  in  his  pic- 
tures, was  the  originator  of  the  idea  but,  while  he  de- 


•M.S.A.E. — Manager  of  the  development  department,  Firestone 
Tire  &    Rubber   Co..   Akron.    Ohio. 


Fig.    1 — Passenger  Car   Equipped   with    Four-Ply   Air-Cushion 

Tlres 

pitted  large-section  tires  truly  enough,  the  large  section 
is  not  the  whole  story  necessarily.  On  the  other  hand, 
of  his  own  volition  many  an  automobile  owner  has 
allowed  his  tires  to  be  run  under-inflated  for  his  own  per- 
sonal comfort,  explaining  in  a  casual  way  that  he  did  not 
intend  to  be  shaken  to  pieces  by  the  air  pressures  which 
the  tire  companies  recommended,  and  that  he  was  willing 
to  sacrifice  tire  economy  if  necessary  to  secure  this 
greater  comfort;  that  is,  he  wanted  to  ride  on  low- 
pressure  air.  Also,  a  few  cases  are  known  of  6  or  7-in. 
thick-walled  pneumatic  truck-tires  and  truck  rims  having 
been  applied  to  passenger  cars  and  run  at  low  pressure, 
notably  by  tire  experimenters;  this  is,  presumably,  more 
in  the  nature  of  a  stunt,  since  it  does  not  appear  that 
they  had  any  serious  thought  of  pushing  the  idea  for 
actual  commercial  application  to  passenger  cars. 

This  newest  development,  the  air-cushion  tire,  is  the 
result  of  a  deliberate  attempt  to  make  riding  on  low- 
pressure  air  possible.  It  is  the  natural  consequence  of 
a  strong  conviction  on  my  part  that  there  ought  to  be  a 
way  to  accomplish  it  that  led  the  company  I  represent  to 
take  the  bold  step  in  going  to  an  extreme  and  providing 
carcass  flexibility  and  a  section  size  sufficient  to  give  the 
tire  a  larger  area  of  contact  with  the  pavement.  Fig.  1 
shows  my  car  as  it  appeared  when  equipped  with  the 
original  set  of  these  tires  in  October,  1922;  they  were 
constructed  with  four  plies  of  cord  fabric,  molded  to 
T^-in.  section,  had  a  20-in.  wheel  diameter  and  were  in- 
flated to  a  pressure  of  18  lb.  per  sq.  in. 

Fundamentals  Considered 

The  fundamentals  of  this  movement  are  comparatively 
simple.  If  we  are  to  have  greater  cushioning  for  com- 
fort and  protection  against  vibrations  of  the  car,  the 
combination  of  a  low  air-pressure  and  a  large  area  of 
contact  must  be  provided,  and  by  employing  such  tire 
constructions  that  the  tire  durability  will  not  be  im- 
paired. The  goal  aimed  at  was  to  increase  the  area  of 
contact  sufficiently  so  that  air  pressures  ranging  from 
20  to  35  lb.  per  sq.  in.  could  be  employed  in  actual 
practice. 
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In  a  general  way,  the  contact  area  of  the  tread  with 
the  road,  expressed  in  square  inches,  multiplied  by  the 

internal  air-pressure  will  give  a  figure  that  apprOXJ 
mates  the  load  resting  on  the  tire.  This  is  as  it  should 
be.  It  is  evident  that  if  a  1000-Ib.  load  is  to  be  imposed 
on  the  tire,  and  due  to  the  limitation  in  the  amount  of 
vertical  deflection  not  more  than  20  sq.  in.  of  contact  can 
ibtained,  it  will  require  a  50-lb.  per  sq.  in.  pressure 
of  air  to  carry  the  load.  If,  however,  we  can  devise  some 
way  of  increasing  the  area  and  still  not  exceed  the  proper 
degree  of  deflection;  for  instance,  if  we  can  increase  the 
area  to  50  sq.  in.,  it  will  require  very  much  less  pressure; 
in  this  case  a  pressure  of  only  20  lb.  per  sq.  in.  is  needed 
irry  the  same  load.  Fig.  2  shows  the  tread  imprint  of 
30-in.  air-cushion  tire  compared  with  that  of  the 
:',">  \  Vm.  high-pressure  pneumatic-tire,  each  tire  having 
been  loaded  to  1700  lb.;  but  with  an  air  pressure  of  16 
lb.  per  sq.  in.  in  the  air-cushion  tire  and  G5  lb.  per  sq.  in. 
in  the  33  x  5-in.  tire.  The  vertical  deflection  of  these  two 
tires  is  shown  in  Figs.  3  and  4,  which  are  drawn  to  the 
same  scale  to  enable  one  to  visualize  the  cross-sectional 
difference. 
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10 
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9 
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14 
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0.99 

10.0 

K7.0 

11.20 

10 

11.00 

16 

6, 

1.10 

10.0 

79.5 
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One  of  the  fundamental  conditions  of  conservative  tire 
use  that  we  recognize  is  the  limitation  of  the  actual  verti- 
cal deflection  of  the  tire  expressed  as  a  percentage  rela- 
tion of  the  sectional  diameter.  It  has  been  found  that  if 
thi.^  percentage  of  deflection  is  exceeded,  the  tires  are 
likely  to  fail  prematurely  from  two  causes:  First,  tread 
separation  and  ply  separation  are  likely  to  be  excessive; 
second,  the  flexing  localizes  half-way  up  the  side-wall 
and  may  cause  fabric  failure  on  the  inside  plies.  It  can 
be  appreciated  readily  that,  in  the  case  of  a  thick-walled 
tractive  effect  of  this  flexing  will  be  much 
more  pronounced  than  in  the  case  of  a  thin-walled  tire. 
Cut,  if  we  use  low-pressure  air,  the  bursting  stresses  on 
the  carcase  are  low  enough  so  that  only  a  few  plies  are 
necessary  and  this,  in  turn,  makes  it  possible  to  increase 
the  deflection  percentage.     Table  1   lists  the  percentage 
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deflection  limitations  of  high-pressure  pneumatics;  also, 
other  fundamentals  for  comparisons  to  be  referred  to 
later. 

Our  tentative  air-cushion-tire  schedule  offers  four 
section  sizes  for  passenger-car  use,  each  size  to  be  made 
of  no  more  than  six  plies,  constructed  so  as  to  permit 
their  normal  use  with  pressures  between  20  and  35  lb. 
per  sq.  in.  and  to  be  used  on  rims  the  width  of  which  is 
approximately  45  per  cent  of  the  tire  section.  Table  2 
shows  figures  comparative  to  those  of  the  high-pressure 
pneumatic-tire. 

What  Air-Cushion  Tires  Do  For  a  Car 

As  to  the  effect  that  these  tires  have  on  the  riding  of 
the  car,  the  first  reaction  to  the  occupants  is  the  greater 
degree  of  comfort.    Road-surface  irregularities  are  toned- 


Fig.  5 — A  7.30  Air-Cushion  Tike  with  ax  Inflation-Pressure  of 

18   Lb.  Absorbing  the  Inequality   in  the   Road   Surface  Due   to 

Heaved-Up  Brick 

down  and,  in  most  cases,  obliterated.  Of  course,  the 
"ups-and-downs"  in  the  road  are  still  there  and  the  cai- 
goes  up  and  down  with  them,  but  everything  is  cushioned 
so  that  there  are  no  sharp  shocks  or  jolts;  one  does  not 
need  to  wratch  the  road  to  put  his  body  in  tense  condition 
to  get  over  the  rough  places,  nor  to  be  worried  about 
being  tossed  up  from  the  seat.  Furthermore,  the  driver 
does  not  need  to  pick  out  all  the  good  places  in  a  rough 
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with   Air-Cushion   Tikks 
Railroad  Crossing 


Passing   Over  a 


road,  because  it  makes  little  or  no  difference  whether  he 
takes  them  in  or  not. 

It  is  remarkable  how  a  car  equipped  with  7.30-in.  tires 
will  negotiate  a  frozen  road.    As  an  extreme  example,  I 


-How  Air-Cushion  Tirf.s  React  against  the  Curb 


Fig-  S — Comparative  Actions  of  a  High-Pressure  Pneumatic   Tire    (at  the   Left)    and   an  Air-Cushion   Tire    (at   thq 

Right)    Rolling  Out  of  the   Same  Chuck-Hole 
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and   mechanical   depreciation,   but   there   is   no  question 

abou  factor:  this  is  due  to  the 

-hioned.     Compared  with  high- 
o£  the  si 
■nple.  one  of  our  new  •■ 
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-atisfactory  instruments  for  meas- 
:iing  qualities  of  air-cushion  tires.  I 
have  resorted  to  a  series  of  pictures,  Figs.  5  to  9,  which 
ke  it  possible  to  visualize  how  the  air- 
cushion  tires  function.  Manifestly,  a  thin-walled  tire  hav- 
ing '•  and  large  cross-section,  with 
a  big  area  o:  will  roll  over  and  envelop  any  pro- 
ject: much  less  tendency  to  elevate  the  axle  than 
will  a  tire  having  a  thick  carcass  with  half  the  area  of 
contact  and  high  air-pressure.     Figs.  5  to  9  show  very 

-Unary  degree  the  bricks,  rails, 
and  the  like  rbed  into  the  tires. 

Regarding  ridge.~  and  holes  in  the  road  which  must  be 
negotiated,  the  tire,  the  wheel  and  the  axle  must  be 
lowered  ed  bodily,  as  the  case  may  be  and,  par- 

ticularly. ;rp  drop  as  into  a  chuck- 

These  •-  among  the  most  aggravating  of 

.nter.     In  the  case  of  dropping  into  a 
f.-hole,  the  air-cushion  tires,  having  a  much  greater 
permissible  actual  deflection  in  falling  through  the  dis- 
rest  more  gradually;  in  fact,  they 
•/rought  '  .dually  that  the  effect  is  more 

i  rolling  action. 

if   ultra-rapid   motion-picture 
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ing the  appi.  'ion  tires  and  their  efl 
on                                          rally,   we   have  taken  all  these 
i  very  f  I  manifestly  would  be 
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of  tires  that  has  no  prospect  o(  being  commercially  ap 
elieve  we  have  reasonable  answers  for  all 
of  the  practical  operating  aspects  that  arise. 

questions  on  the  various  phases  of  practical  car- 

ation,  probably   the  most   frequent  is  in  regard  to 

fuel  consumption.     In  general,  the  air-cushion  tires  cause 

neither  more  nor  less  fuel  to  be  consumed  than  do  the 

high-pressure  pneumatics,     tin  actual  fuel-consumption, 

a  number  of  private  owners  have  found  that,  by  keeping 

.nt  of  the  fuel  used,  they  noticed  a  slightly  greater 

mileage    per    gallon    with    air-cushion    tires.      Our   most 

authoritative  information,  however,  is  derived  from  our 

rvations  on  six  taxicabs  that  ran  a  total  of  20,000 

miles  during  April.   192;?.  on  7.80-in.  air-cushion   tires; 

the  fuel  consumption  averaged  LS.6  miles  per  gal.     Th;s 

compares  with  a  fuel  consumption  of  12.6  miles  per  gal. 

a  larger  number  of  similar  cabs  that  covered  many 

times  that  amount  of  mileage  on  33  X  4'j-in.  six-ply  tires 

having  an  air  pressure  of  70  lb.  per  sq.  in. 

From  the  viewpoint  of  fuel  economy,  so  far  as  tire 
technique  is  concerned,  it  appears  that,  in  the  case  of 
the  regular  pneumatic  tires  with  a  smaller  tread-contact, 
it  is  the  internal  carcass-friction  rather  than  the  tread 
rolling-resistance  that  absorbs  energy.  On  the  other 
hand,  in  the  case  of  the  air-cushion  tires,  the  carcass  be- 
ing so  thin  as  to  have  practically  negligible  carcass  fric- 
tion, the  large  area  of  contact  occasions  a  much  greater 
degree  of  road  friction  than  in  the  case  of  the  regular 
pneumatic  tires,  and  it  is  probable  that  these  effects 
would  just  about  balance  each  other  in  the  two  classes 
of  tire.  With  air-cushion  tires,  the  cars  coast  just  as 
freely  and  accelerate  practically  in  the  same  degree  as 
with  high-pressure  pneumatic-tires. 

Fig.  10  shows  the  acceleration  and  coasting  observa- 
tions made  on  a  car  equipped  alternately  with  7.30-in. 
air-cushion  tires  having  an  air  pressure  of  25  to  28  lb. 
per  sq.  in.  and  with  33  x  41  L-in.  tires  having  an  air 
pressure  of  50  to  55  lb.  per  sq.  in.  The  comparative  tests 
were  made  without  disturbing  the  brakes  or  bearing  ad- 
justments, since  the  wheel  changes  were  made  simply  by 
switching  disc  wheels  that  are  demountable  at  the  hub. 

Effects  on  Speed  and  Steering 

The  question  has  been  raised  as  to  whether,  with  air- 
cushion  tires,  the  top  speed  will  be  cut  down ;  that  is, 
speeds  of  60  m.p.h.  and  upward.  While  the  evidence  is 
not  positive,  the  indications  are  that  there  may  be  a 
slight  difference.  Very  likely,  any  appreciable  slackening 
of  these  higher  speeds  can  be  attributed  to  the  windage 
resistance  of  the  tire.  Unquestionably,  tires  with  such 
large  section  covered  with  non-skid  projections  would 
make  this  a  notable  factor. 

The  question  next  frequently  raised  is  in  regard  to 
how  the  steering  is  affected.  This  is  perfectly  natural, 
because  most  drivers  have  discovered  that,  when  the 
front  tires  are  soft,  there  is  a  slightly  increased  resist- 
ance to  steering.  From  laboratory  tests,  we  have  found 
the  area  of  contact  of  the  air-cushion  tires  with  the  road 
surface  to  be  about  twice  that  of  the  high-pressure  pneu- 
matic tires,  and  under  these  conditions  one  can  detect 
a  slight  difference  in  turning  the  wheel.  In  ordinary- 
driving  this  effect  i-  .,f  such  minor  consequence  that 
it  cannot  be  considered  a  serious  handicap.  However, 
we  find  that,  when  the  car  is  in  close  quarters,  such  is 
being  parked  by  a  curb,  it  is  more  difficult  to  pull  the 
wheels  around  when  the  car  has  little  or  no  headway. 

In    some    <■■■  larger    tires    actually    favor    the 

steering.    For   instance,   on   streets  having  trolley-lines, 
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the  front  wheels  are  not  deflected  at  all  in  making  a  cross- 
over from  one  side  of  the  street  to  the  other,  even  though 
the  angle  at  which  the  car  makes  the  crossing  over  the 
rails  be  the  next  thing  to  parallel  driving.  Another  fa- 
vorable feature  is  that,  when  dropping  into  chuck-holes 
or  off  the  edge  of  the  pavement,  the  reaction  tending  to 
deflect  the  car  is  much  less  pronounced.  In  fact,  in  the 
latter  case,  the  control  is  infinitely  better  in  regaining  the 
pavement.  It  seems  to  me  very  probable  that  as  car  de- 
signers study  the  problem  of  fitting  air-cushion  tires  to 
their  different  models,  changes  in  steering-gear  may  be 
entirely  plausible  to  compensate  for  any  minor  effects  in- 
troduced by  the  tires. 

A  reference  to  the  steering-gear  brings  to  mind  our 


TABLE   3- 


-DISTANCE   THE    WHEEL    DROPS    WHEN    THE    TIRE 
BECOMES  DEFLATED 


Fig.  9 — Two  Similar  Cars  on  a  Rough  Dirt  Road  Showing  How 
the  Occupants  of  the  Car  at  the  Left,  Which  Is  Equipped  with 
High-Pressure  Pneumatic  Tires,  Are  Thrown  Up  from  Thelr 
Seats,  While  Those  in  the  Car  at  the  Right,  Which  Is 
Equipped  with  Air-Cushion  Tires,  Ride  in  Comfort 

unsolved  mystery,  the  front-wheel  shimmy.  This  has 
been  observed  and  commented  upon  by  certain  car  en- 
gineers in  connection  with  the  application  of  air-cushion 
tires.  Just  how  far  we  should  go  in  assigning  the  cause 
of  this  front-wheel  shimmy  to  the  application  of  the 
large-section  low-pressure  tires  is  not  clear.  I  have  en- 
countered some  cases  of  front-wheel  shimmy  on  both 
high-pressure  and  low-pressure  pneumatic  tires  and,  in 
each  case,  the  trouble  has  been  taken  care  of  by  such 
methods  of  adjustment  and  replacing  of  the  parts  as  the 
ordinary  repair-shop  has  at  its  command.  However, 
judging  from  the  prominence  that  the  subject  of  front- 
wheel  shimmy  has  been  given  from  a  design  point  of 
view,  it  is  not  unlikely  that  the  low  air-pressure  may  be 
a  factor  that  will  justify  the  industry  in  considering  it 
a  joint  problem  for  the  tire  and  the  car  engineers  to 
solve. 

Traction  and  Braking  Control 

The  traction  and  braking  control  of  the  car  in  driving 
is  probably  of  equal  importance  with  the  fuel  consump- 
tion and  the  ease  of  steering.  I  have  not  found  any  way 
to  make  comparative  measurements  of  this  effect,  but  can 
report  my  own  experience  which  checks  with  that  of 
every  other  user  of  the  properly  designed  air-cushion 
tires.  On  wet  pavements,  with  the  brakes  equalized 
properly,  I  have  tried  every  way  that  I  could  think  of  to 
make  my  car  skid  but,  so  far,  the  only  thing  which  hap- 
pens is  that  the  car  stops.    In  the  most  ticklish  traffic 


Air-Cushion  Tires 

Pneumatic  Tires 

Size,  In.     Wheel  Drop,  In. 

Size,  In.     Wheel  Drop,  In. 

4.40                    2% 

3 y2  (Clincher)            1% 

5.25                    2 15/16 

4                     2% 

6.20                    3% 

4%                 2% 

7.30                    4% 

5                     37/8 

I  have  no  fear  about  what  I  can  do  in  an  emergency. 
The  large  area  of  contact,  with  the  greatly  increased 
linear  total  of  non-skid  edges  that  gives  a  squeegee  effect, 
undoubtedly  is  the  combination  that  gives  such  excellent 
non-skid  results. 

In  contrast  to  wood  block  or  asphalt  are  cases  of  un- 
even pavement  surfaces  where  the  actual  area  and  the 
button-edge  contact  is  cut  down  by  the  road-surface  irreg- 
ularities. In  the  case  of  the  air-cushion  tires,  the  area 
is  so  large  and  the  carcass  is  so  flexible  that  it  folds  and 
rolls  over  the  dips  and  hollows  in  the  road  surface  so  as 
to  maintain  a  uniformly  large  area  of  contact  at  all  times. 
This  is  not  true  in  the  case  of  the  high-pressure  tires, 
which  are  inflated  so  hard  that  they  lose  a  great  amount 
of  their  contact;  the  result  is  that  the  air-cushion  tires 
hold  much  better  on  rough  pavements.  On  snow  and  ice, 
the  control  of  the  car  with  air-cushion  tires  is  noticeably 
better  than  with  high-pressure  pneumatic  tires.  This  is 
true  particularly  in  eliminating  the  tendency  to  skid  side- 
wise  in  applying  the  brakes  and  rounding  corners.  In 
applying  the  brakes  for  a  quick  stop,  one  has  to  be  very 
cautious  lest  the  wheels  become  locked  and,  should  this 
happen,  the  result  is  much  the  same  as  with  the  regular 
pneumatic  tires. 

Since  front-wheel  brakes  are  being  considered  so  ser- 
iously by  designers,  I  think  they  will  do  well  to  investi- 
gate thoroughly  the  capacity  of  air-cushion  tires  to  con- 
trol the  car.  From  this  point  of  view,  it  may  be  that  this 
new  type  of  tire  offers  sufficient  improvement  in  braking 
control  to  obviate  the  necessity  for  front-wheel  brakes. 

Tire  Blow-Outs 

The  question  of  danger  from  a  flat  tire  has  come  up. 
If  one  were  driving  at  40  to  45  m.p.h.  and  had  a  blow-out 
on  the  right  front  tire,  what  would  happen?  We  are  nor 
in  a  position  to  make  any  very  positive  assertions  on  this 

Acceleration,  sec. 
15 20 


100  90  80  10    60    50  40  30   70    10    0 
Coasting  Time,  sec. 

Fig.  10 — Results  of  Acceleration  and  Coasting  Tests  Made  on  a 
Passenger  Car  Equipped  Alternately  with  34  x  7-In.  (Size  7.30) 
Ads-Cushion  Tires  Having  Inflation-Pressures  of  from  25  to  28 
Lb.  per  Sq.  In.  and  33  x  4Vi-lN.  Pneumatic  Tires  Having  an  In- 
flation-Pressure of  from   50  to   55  Lb.   per   Sq.   In. 
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Some  people  are  apprehensive  lest  the  side-sway  be 
objectionable..  This,  in  my  opinion,  is  a  point  of  view.  1 
presume  that  a  little  more  side-sway  can  be  detected  and 
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measured  with  the  air-cushion  tires  than  with  the  high- 
-ure  pneumatic  tires;  but  it  is  my  observation  that, 
after  becoming  accustomed  to  the  car,  all  thought  about 
this  feature  disappears  from  the  mind. 

.-.trifugal  force  deforms  the  cross-section  of  the  tire, 
changing  it  from  mtiafly  circular  to  an  elliptical 

shape.  The  standing  diameter  is  increased  and  the  section 
diameter  is  diminished.  The  figures  given  in  Fig.  11  were 
ned  simply   by   revolving  the  tire  on   a  shaft   and 
measuring  with  an   indicator  that  was  arranged  to  roll 
be  tread. 
Another  feature  of  control  in  driving  is  the  new  atti- 
tude the    driver    toward    the    roadway 
ahead  of  him,  particularly  if  he  does  much  driving  after 
dark.    He  won  finds  that  whereas   formerly  he  slowed- 

•hest  places  in  the  street 
a*  a  ma"  ie,  this  is   not  necessary   with  air- 

cushion  If  course,   the   very   worst   chuck-holes 
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this  higher  average  speed  without  suffering  damage? 
Naturally,  the  conclusions  on  this  point  will  need  to  be 
drawn  by  those  skilled  in  observing  such  things  and  par- 
ticularly by  making  direct  comparisons  with  tires  on  the 
old  equipment  It  is  my  opinion  that  the  increased  speed 
will  amount  to  somewhere  between  10  and  SO  per  cent. 

Galloping  and  Front-Wheel  Toe-In 

For  some  reason  that  is  not  very  clear  to  me,  cars 
equipped  With  air-cushion  tires  develop  a  violent  gallop- 
ing when  they  are  not  equipped  with  shock-absorbers. 
This  is  BO  noticeable  that  I  can  predict  disappointment  to 
any  one  equipping  a  car  without  the  use  of  shock- 
absorbers.  Possibly  spring  designers  can  furnish  some 
explanation   for  this  situation. 

At  present,  it  appears  that  the  amount  of  gather  or 
toe-in  on  the  front  wheels  will  have  to  be  adjusted  very 
delicately  to  prevent  the  excessive  wear  that  appears  with 
improper  alignment.  Our  observations  point  clearly  to 
the  fact  that  air-cushion  tires  are  more  sensitive  to  im- 
proper alignment  than  are  the  high-pressure  pneumatic 
tires. 

Two  features  of  car  operation  that  register  against 
air-cushion  tires  are  their  mud-splashing  and  dust-raising 
propensities.  The  larger-section  tires  with  the  greater 
area  of  contact  spatter  mud  much  more  than  any  other 
tires  heretofore  brought  out  and,  as  for  dust-raising  on 
country  roads,  it  is  terrible.  I  believe  that  a  motor-truck 
convoy  could  not  raise  more  dust  in  traveling  along  a 
dry  country  road  in  summer  than  my  own  car  raises. 
While  this  may  be  a  minor  point,  it  may  develop  into  an 
objection. 

Durability  and  Tire  Cost 

All  our  development  work  on  air-cushion  tires  has  been 
carried  out  under  actual  road-test  conditions.  To  date, 
we  have  run  a  total  of  850,000  tire-miles  under  test  ob- 
servations, and  evidence  points  to  average  mileages  at 
least  as  high  as  those  enjoyed  with  regular  pneumatic 
tires.  The  character  of  the  failures  unquestionably  will 
be  somewhat  different.  For  instance,  ply  separation  and 
tread  separation  will  be  minimized  in  air-cushion  tires 
and,  with  these  eliminated,  the  most  prominent  troubles 
will  be  fabric  breaks  in  the  carcass;  also,  punctures  and 
rapid  tread-wear  on  the  front  wheels  when  they  are  not 
aligned  properly.  Many  people  have  questioned  whether, 
with  such  a  thin  tire,  punctures  will  not  be  sufficiently 
numerous  to  be  of  considerable  annoyance.  There  are  no 
grounds  for  concern  on  this  score.  In  50,000  car-miles 
of  operation  of.  our  test  fleet  there  were  seven  punctures, 
and  in  100,000  miles  of  operation  in  taxicab  service  there 
was  an  average  of  one  puncture  for  each  3700  taxicab- 
miles.  The  explanation  is  found  in  the  fact  that  the  tire, 
g  not  so  taut  and  hard  and  drum-like,  yields  rather 
than  becomes  pierced  by  the  puncturing  object. 

The  light  carcass-structure  necessary  in  these  tires  also 
S  the  question  as  to  whether  they  have  the  stamina 
to  withstand  the  rough  usage  to  which  the  heavier  cars 
are  often  put.    A  large  measure  of  our  road-testing  de- 
velopment  was    on    tires    of   the    four-ply    construction. 
Their  performance   under  test  conditions   is   repeatedly 
showing  great  ruggedness.   One  of  these  four-ply  7.30-in. 
tires  gave  out  after  having  worn  through  the  breaker 
and  three  of  the  four  plies,  as  shown   in   Fig.   12.    The 
interesting  point  is  that  it  continued  to  run  on  this  single 
ply  for  a  considerable  distance  before  finally  blowing-out 
by  bursting  open  at  this  point,  as  can  be  seen  clearly  in 
12.    When  one  considers  that  this  was  on  the  front 
wheel  of  one  of  our  heaviest  cars,  which  was  touring  in 
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the  South,  it  emphasizes  the  part  that  low  inflation- 
pressure  plays  in  making  the  casing  so  soft  and  yielding 
that  the  destructive  reaction  of  ordinary  driving  largely 
is  eliminated.  In  other  words,  no  part  of  the  tire  is  sub- 
ject to  high  intensity  of  stress  at  any  one  point,  which 
is  contrary  to  the  condition  that  applies  to  the  high- 
pressure  pneumatic  tires.  There  is  no  doubt  that  this 
lessened  intensity  of  pressure  is  responsible  for  the 
almost  complete  absence  of  tread  and  ply  separation.  By 
dwelling  on  Figs.  5  to  9,  showing  the  tires  rolling  over 
obstructions  in  the  road,  one  can  more  or  less  sense  that 
the  tire,  instead  of  resisting  the  blow  that  the  road  gives, 
yields  with  no  destructive  effect.  For  instance,  one  in- 
teresting point  is  the  fact  that  air-cushion  tires  run 
their  life  with  no  tread-cuts  whatever.  I  have  seen  many 
tires  that  have  covered  more  than  7500  miles  which  were 
so  free  from  tread-cuts  that,  had  they  been  washed-up, 
they  could  be  taken  for  new.  The  same  thing  applies  to 
the  side-wall  of  the  tire;  that  is,  in  running  in  ruts  or 
against  curbs  or  loose  rocks  in  the  road,  an  ordinary 
pneumatic  tire  is  apt  to  have  the  side-wall  scraped  or 
abraded.  With  air-cushion  tires,  however,  the  tire  yields 
to  the  blow,  thereby  protecting  itself  and  escaping  injury. 

Misalignment  of  the  front  wheels  manifests  itself  very 
quickly  by  rapid  tread-wear.  In  the  few  cases  that  we 
have  observed,  however,  we  have  had  no  trouble  in  elim- 
inating this  by  prompt  attention  to  the  realignment. 

With  long  tire  life,  protection  of  the  car  against  de- 
structive vibration  effects  and  favorable  fuel-consump- 
tion,  I  believe  the  cost  of  car  operation  will  be  lower. 


Pig.    12 — One    of    the    Four-Ply    7.30    Test-Tires 

That   Failed   after   Having   Worn   through   the 

Breaker  and  Three  of  the  Plies 

At  present,  it  is  not  possible  to  give  any  comparative  tire 
costs  because  we  have  not  had  an  opportunity  to  get  vol- 
ume production  figures.    The  manufacturing  details  will 
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0.78 

3.89 

43+ 

28.4 

7.50 

7.30 

35''* 

3.12 

20 

0.67 
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Fig.  13- 


-Tentative  Proposal  of  Air-Cushion  Tire  and  Rim  Sizes 
for   Passenger   Cars 


be  sufficiently  different  from  those  of  regular  pneumatic 
tires  to  have  a  slight  influence  tending  to  increase  the 
tire  cost. 

Other  factors  that  have  a  larger  influence  on  the  cost 
element  than  the  manufacturing  processes  are  the  section 
size  of  the  tire  and  the  number  of  plies  to  be  used.  Com- 
ments are  made  and  comparisons  are  drawn  on  section 
measurements  and  the  number  of  plies,  later  in  the  paper. 
In  a  general  way,  as  a  result  of  our  development  work, 
I  have  concluded  that  the  amount  of  cotton  and  rubber 
used  in  air-cushion  tires  need  not  be  much  greater,  if 
any,  than  that  in  the  tires  which  they  replace.  There- 
fore, if  we  increase  the  section,  we  can  make  a  corre- 
sponding decrease  in  the  thickness  of  the  walls  of  the 
tire.  However,  until  the  actual  sectional  sizes  to  be  put 
on  the  market  are  decided  upon,  it  is  not  expedient  to 
attempt  to  forecast  precise  cost  figures. 

Low-Pressure  Tires  Applied  to  Automobiles 

The  foregoing  covers  our  research  development-work 
on  the  fundamental  air-cushion  idea.  The  result  of  all 
these  activities  since  early  in  the  fall  of  1922  has  been 
to  confirm  our  judgment  that  we  are  working  on  a  sound 
basis.  The  next  logical  move  is  to  translate  the  low- 
pressure  principles  into  practical  application  to  motor 
cars,  with  the  aid  of  the  motor-car  engineers. 

To  provoke  discussion  and  drawn  forth  constructive 
criticism,  I  know-  of  no  better  way  than  to  propose  what 
appears  to  me  to  be  an  ideal  line-up  of  tires  and  rims. 
This  was  suggested  earlier  in  the  paper  and  is  now  pre- 
sented more  in  detail  in  Fig.  13,  which  shows  an  outline 
drawing  of  a  tire  and  a  rim  and  gives  the  principal 
dimensions.    The  4.40-in.  air  cushion  tires  of  either  two 
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and  it  is  our  t  receive  comments  on  how  sua 

ful  we  ha-.  rking  up  this  specific  prop 

which  is  based  on  our  ex- 
perience in  road  tests  combined  with  experimental  appli- 
•  i    motor  Ae    believe    that,    when    finally 

worked  oat  1  te  where  it  is  suitable  for  commer- 

cial use.  air-pressure  recommendations  ranging  from  20  to 
35  lb.  per  sq  in.  will  be  satisfactury.  Also,  our  •■ 
have  shown  that  the  45-per  cent  ratio  of  rim  width  to 
-  of  tire  design,  while  being  some- 
what of  a  radical  departure  from  the  10  t"  12-year-old 
criterion  of  66  per  cent,  is  practicable  so  far  as  tire  per- 
formance is  concerned,  has  the  exceptionally  meritorious 
advantage  of  making  a  substantial  reduction  in  the  un- 
sprung weight   and.   finally,    is   the   most   efficient   corn- 


ion  of  the  number  of  plies  and  tire  section  to  result 
in  t::  that  will  not  In'  burdensome  to  the  industry. 

It  si  me  that  the  car  designers  must  view  this 

lem  from  two  aspects:  first,  whether  there  is  any- 
thing inherent  in  the  application  of  such  tires  to  tin- 
car  that  makes  them  undesirable;  second,  the  specific 
changes  in  the  body,  the  axles,  the  fenders  and  the  other 
BI  design  that  the  designer  would  need  to 
undertake    to    accommodate    some    changes    in    physical 

asurements. 

Dwelling  for  the  moment  on  the  fundamentals  under- 
lying this  movement,  1  ask:  Does  the  motor-car  industry 
wish  to  go  as  far  as  this  proposal?  Does  the  industry 
wish  to  have  narrower  rims  and  a  light  carcass-structure 
in  the  tire,  or  would  it  rather  go  to  some  half-way  point? 
For  instance,  whereas  I  propose  a  7.30-in.  four  or  six- 
ply  tire  on  a  4%-in.  rim  for  cars  having  a  130-irJ  wheel- 
.  would  it  be  along  a  line  of  less  resistance  and  more 
appeal  to  the  car  builders  to  use  a  smaller  section,  say  a 
6-in.  six-ply  tire  on  a  5-in.  rim,  or  would  the  7.30-in. 
section  tire  be  suitable  if  it  were  on  a  wider  rim;  and 
so  on  down  the  list  of  sizes?  Bearing  in  mind  always 
that  this  ideal  line-up  employs  the  rim  of  lightest  weight, 
the  lowest  air-pressure  and  the  least  costly  tire  construc- 
tion, how  should  we  modify  the  proposal '.' 

To  take  advantage  of  low-pressure  air,  a  large  area  of 
contact  is  necessary  and  a  large  area  of  contact  cannot 
be  had  without  a  high  percentage  of  deflection;  this-  in 
turn,  calls  for  a  thin  carcass  and  a  large  section.  What 
are  the  problems  of  practical  application  that   the  car 
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designer  must  recognize  and  master?  Are  they  funda- 
mental and  far-reaching,  or  are  they  merely  clearance 
and  gear-ratio  alterations? 

Changes  in  fender,  body  and  brake-drum  clearances 
and  also  changes  in  the  width  of  tread  of  the  car,  in 
fitting  air-cushion  tires,  bring  up  a  very  complex  situa- 
tion. But  it  must  be  accepted  as  a  foregone  conclusion 
that  any  change  in  tire  equipment  that  results  in  the  use 
of  larger  sections  and  smaller  rim-diameters  is  very- 
likely  to  bring  about  interferences  and  changed  relations 
of  the  parts,  which  must  be  provided  for.  It  is  hoped  that 
the  automobile  industry  will  not  requisition  more  than 
one  standing  diameter  for  each  section.  The  tire  manu- 
facturers have  always  been  dreaming  of  the  time  when 
they  would  not  need  to  make  a  series  of  standing  diam- 
eters for  each  section  and,  whatever  the  final  disposition 
of  this  matter  may  be,  I  bespeak  for  the  tire  industry 
a  serious  attempt  to  carry  out  some  such  program. 

Table  4  gives  weights  of  tires,  tubes  and  two-piece 
rims  such  as  are  used  for  dfsc  or  wire  wheels,  and  with 
the  standing  diameters  of  the  tires  to  furnish  a  direct 
comparison  of  the  air-cushion  with  the  pneumatic  tires. 

Tire-Size  Nomenclature 
Reverting  to  the  schedule  as  proposed,  it  will  be  noted 
that  a  new  size-nomenclature  is  included.  It  has  always 
seemed  to  me  that  the  sizes  of  the  tires  are  so  far-fetched 
that  I  could  not  resist  the  temptation  to  propose  a  new 
disposition  of  this  matter.  I  think  everybody  is  aware 
that  a  34  x  7-in.  tire,  for  instance,  has  no  part  of  the  tire 
that  measures  34  in.  and,  likewise,  no  part  of  the  tire 
that  measures  7  in.  I  propose  that,  when  we  finally  work 
into  air-cushion  tires,  the  true  section-size  be  used  as  the 
name  size.    It  does  not  strike  me  as  necessary  to  give  a 


standing  diameter,  since  there  will  be  only  one  standing 
diameter  for  each  section. 

It  is  my  belief  that,  in  introducing  the  air-cushion  tire 
the  industry  should  start  with  the  firm  determination  10 
make  oversizing  unnecessary  and  even  that  it  should  not 
provide  for  it.  Years  ago,  two  factors  made  oversizing 
a  very  desirable  thing.  I  refer  to  our  positive  lack  ef 
knowledge  of  how  to  make  good  tires  in  the  early  days 
and  to  the  fact  that  car  builders  did  not  appreciate  the 
desirability  of  ample  sections.  That  day  has  long  since 
passed  and,  at  present,  the  instances  in  which  the  owner 
needs  to  put  on  an  oversize  tire  are  extremely  rare  I 
wish  we  might  say  the  same  thing  about  pneumatic 
equipment  for  motor  trucks! 

Limitation  of  Tire  Deflection 
Earlier  in  the  paper,  I  pointed  out  that  the  limitation 
ot  the  load  and  inflation  combination  of  any  pneumatic 


TABLE     5— RECOMMENDATIONS    FOR    AIR-CUSHION    TIRE- 
EQUIPMENT  AND  AIR  PRESSURES 


Data  obtained  from  the  Tire  &  Rim  Association 
May.  1923 

Recommendations 
for  Ford  Car 

Mode 
No. 

Wheel 

Base. 

In. 

Num- 
ber of 
Pas- 
senger. 

Type  of  Body 

Weight  Readv 

for  Road  with 

Full  Passenger 

Load,  Lb. 

Air-Cushion-Tire 
Recommendations 

Size. 
In. 

Front 

Rear 

Lb.  per  Sq.  In. 

Front 

Rear 

Touring 

1,000 

1.500 

4.40 

23 

35 

Roadster 

975 

925 

4  40 

23 

23 

S^Han 

1.040 

1,675 

4  40 

24 

38 

Coupe 

1.085 

1,200 

4  40 

24 

28 

Data 

obtained  from  the  Buick  Motor  Car  Co..  May,  1923 

Recommendations  for 
Buick-Four  Car 

23-34 

o 

Roadster 

1,395 

1,390 

5  25 

24 

18 

23-35 

5 

Tourinj! 

1.375 

1,950 

5  25 

24 

34 

23-36 

3 

Coupe 

1.500 

1,550 

5  25 

26 

26 

23-37 

5 

Sedan 

1.500 

2,200 

5.25 

26 

38 

23-38 

5 

Touring 

1.500 

2,100 

5.25 

26 

37 

Da 

ta  obtained  from  a  questionnaire  filled  out  by  the 
Jordan  Motor  Car  Co..  Inc..  May,  1923 

Recommendations  for 
Jordan  Car 

M  .Y 

120 

5 

Touring 

1,630 

2,335 

6  20 

21 

32 

.1/  X 

120 

5 

Brougham,  Four- 
Door 

1,700 

2,560 

6.20 

23 

35 

MX 

120 

2 

Road 

1.600 

1.760 

6  20 

21 

24 

H 

1241  6 

4 

Sport 

1.700 

2.275 

6.20 

23 

31 

H 

124>  2 

5 

Sedan 

1,860 

2,645 

6.20 

25 

35 

Data  obtained  from  the  Lincoln  Motor  Co..  May,  1923 

Recommendations  for 
Lincoln  Car 

117 

136 

7 

Sedan 

2,360 

3,610 

7.30 

25 

38 

118 

136 

7 

Limousine 

2,340 

3,610 
3,470 

7.30 

25 

38 

120 

136 

7 

Town  Car,  Open 
Drive  Limousine 

2.260 

7  30 

23 

36 

123 

136 

4 

Phaeton 

2,170 

2,930 

7.30 

22 

32 

124 

136 

7 

Touring 

2.340 

3,250 

7.30 

25 

34 

125 

136 

4 

Sedan 

2.250 

3.130 

730 

23 

33 

126 

136 

4 

2oupe 

2,600 

2,940 

7.30 

27 

31 

129 

136 

5 

Sedan 

2,270 

3,210 

7.30 

24 

34 

130 

136 

2 

Roadster 

2,120 

2,275 

7  30 

23 

24 
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and  '  'able  of  load  and  inflation 

a*  has  been  done  in  the  past.    It  me 

that  the  only  logical  thing  to  do  is  for  each  car  builder  to 

.  -.  the  front  and  tl  t"  each  of  his  models  with 

full-pa&ser.ger   load.    With   the   tire  equipment    decided, 

check  off  per  inflation  for  each  end  of  the  car. 

stamp  it  on  a  small  plate  and  attach  it  to  the  car  in  some 

cons;  ;  lace   so  that   the  car-owner  can   feel  that 

has   been   given   consideration    by   the   car 

builder  and  that  he  has  the  builder's  best  judgment  as 


what  he  should  do.  It  is  my  judgment  thai  air- 
cushion  tires  should  be  inflated  verj  carefully  and  should 
cheek  to  within  l  lb.  of  the  correct  pressure.  A  typical 
example,  one  for  each  si.v  of  tire,  and  the  disposition  >>f 

the  air-pressure  problem,  appear  in  the  Appendix. 

APPENDIX 

A-  for  stating  recommendations,  a  Ford  car  on 

.n„  a  Buick-Four  on  5.25-in.,  a  Jordan  on  6.20-in. 

and  a  Lincoln  on  7.80-in.  air-cushion  tires  were  picked 
out  as  typical  examples  to  show  our  method  of  distin- 
guishing between  the  different  models  and  also  between 
the  from  and  rear  of  each  model  in  regard  to  the  amount 
lire.  The  range  of  pressures  used  on  any 
one  make  of  car  must  necessarily  be  given  greater  atten- 
tion than  heretofore  if  we  are  to  enjoy  the  best  effect 
in  the  use  of  air-cushion  tires.  Of  course,  all  makes  of 
car  have  been  treated  similarly  and  the  detailed  infor- 
mation is  available  for  each  maker.  The  recommenda- 
tions for  the  foregoing  makes  of  car  are  stated  in 
Table  5. 


URCRAFT-ENGINE  PRACTICE  APPLIED  TO 

PASSENGER  CARS 
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;iid  the  ii  ave  much 

cooling  of  a  small  low-duty  lighting-engine, 
s  no  proof  that  it  is  not  desirable  to  design  so  that 
d  will  be  a  minimum  and  that  any  such  ac- 
cumulation shall  be  readily  apparent,  accessible  and  easily 
oe   highl;  t'ul   manufacturer   of  air- 

cooled  aircraft-engines  recommends  that  the  dirt  accumu- 
lation on  the  cylinders  should  be  removed  after  every 
flight;  but,  while  such  precautions  are  entirely  unn. 

•»n  a  car  engine,  the  effect  of  scale  deposits  in  water- 
cooled  engines  should  be  sufficient  to  show  that  heat-in- 
sula-  sits  are  undesirable  on  the  surfaces  to  be 

cooled.     I   think  that   Mr.  Dicksee  is  on   rather   unsafe 
-.d  when  he  attempts  to  draw  so  many  conclusions  on 
>oIed    engines   generally    from    experience   obtained 
with  a  small  low-duty  engine. 

The  characteristics  of  the  air  flow  in  the  cells  of  the 
:  circumferential-fin  types  are  of  radically  differ- 
In  the  axial-fin  type  the  slowly  moving  air  is 
m  entering  the  cell  and,  in  addition, 
has  added  entry  loss.  .are  edges  usually 

fins  in  this  type.    In  the  circumferential-fin 
.  low  velocity  over  rounded 
fin  «•  i  gradually  toward  the  throat, 

hroat  somewhat  resembling  a  ven- 
he  paper.     This  condition 
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cooled  engines  mentioned  by  Dr.  Dickinson  is  a  matter 
of  no  great  difficulty.  Control  of  the  cooling-air  supply 
by  manually  operated  shutters  or  otherwise  thermostatic- 
ally controlled  by  the  cylinder-head  temperature  or  by  the 
temperature  of  the  cooling-air  after  it  has  passed  over 
the  engine,  provide  a  ready  means  of  control  of  the  engine 
temperature.  In  any  case,  the  air-cooled  engine  has  a  con- 
siderable advantage  over  the  water-cooled  type,  owing  to 
the  much  smaller  heat-content  of  the  engine  at  its  nor- 
mal working  temperature;  thus,  the  air-cooled  type  will 
reach  its  working  temperature  in  a  much  shorter  period. 
One  builder  of  air-cooled  cars  has  found  that  the  rapid 
warming-up  materially  reduces  the  carbon  deposit. 

The  effect  of  the  cylinder-wall  temperature  upon  the 
fuel  economy  is  not  thoroughly  known,  and  some  recent 
work  by  the  Engineering  Division  is  of  interest  in  this 
connection,  although  conducted  with   wide-open   throttle 
and  aircraft  fuel.     Since  the  publication  of  the  paper, 
further   work    has   been   done   on   the   cast-iron    Type-K 
cylinder.     All  the  cooling  fins  were  removed  and  a  steel 
i  r-jacket  welded  on.    In  this  form,  no  increase  of  out- 
put was  ol/tained;  the  fuel  consumption  with  which  the 
maximum  load  could  be  held  was  reduced  by  about  4  per 
.  although  the  minimum  fuel-consumption  obtainable 
was  no  lower  than  with  the  air-cooled  cylinder.     In 
nf  the   fact    that   in   the  water-cooled  cylinder  the  wall 
temperature  at  7' ,  as  shown  in  Fig.  1  of  the  paper,  was 
only  about  185  deg.  fahr.,  the  tendency  to  detonation  was 
reduced  but  slightly*    This  is  remarkable  when  it  is  con- 
ed  that  the  air-cooled  cylinder  developed  a  tempera- 
ture of  Too   deg.   fahr.  at   T,   under  similar 
ditions. 

The  foregoing  results  tend  to  confirm  Mr.  Grimes'  ob- 

■ /aiding    cylinder    temperature    and    fuel 

>my,   but   it   may   be  well  to   state  that,   in  general, 

high  wall-temperatures   in  air-cooled  cylinders  result  in 

an  excessive  fuel-consumption  at  full  throttle;  so  much  so 

that,   in   fact,     lidi   engines,  and  the  Renault  and   early 

R.A.E.  di  ome  in  this  class,  are  more  suitably  de- 

Fuel-cooled  than  air-cooled. 
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DEFINING  science  as  "the  search  for  and  the  clas- 
sification of  the  knowledge  of  natural  phenomena," 
and  giving  a  definition  of  engineering  as  being  "the 
application  of  the  materials  and  the  forces  of  nature  to 
the  use  of  mankind,"  the  author  discourses  at  some 
length  in  comparing  the  conditions  under  which  a  sci- 
entist works  with  those  that  affect  the  work  of  the 
engineer.  Time  limitations  for  completed  work,  and 
the  relations  of  theory  and  practice  are  accorded  some- 
what similar  treatment. 

Several  examples  are  given  showing  how  the  engi- 
neer and  the  scientist  have  vied  with  each  other  in 
making  progress,  and  predictions  are  made  that  other 
new  materials  will  be  discovered  and  that  the  scientist 
will  communicate  the  scientific  method  of  working  to 
the  engineer  of  the  future. 

THE  relations  between  science  and  engineering  in- 
volves such  important  problems  affecting  the 
future  of  the  engineer,  that  it  is  really  very 
presumptuous  for  one  who  knows  only  a  little  about  en- 
gineering, and  really  nothing  about  science,  to  attempt 
to  discuss  them.  However,  some  points  can  be  made  in 
the  hope  that  better  qualified  persons  will  take  up  the 
subject. 

We  hear  much  about  "pure  science"  as  being  some- 
thing very  distinct  from,  and  possibly  elevated  above, 
commercial  affairs.  If  there  is  such  a  thing  as  "pure" 
science,  it  is  science  pursued  for  its  own  sake,  without 
regard  to  the  value  or  the  cost  of  the  information  ob- 
tained. The  attitude  of  the  pure  scientist  is  explained, 
in  a  way.  by  a  story  told  of  a  certain  meeting  of  a 
mathematical  society.  A  very  learned  specialist  in  a 
very  little  known  form  of  mathematics  read  a  paper  cov- 
ering the  results  of  several  years'  work  and  concluded 
with  the  pious  hope  that  his  work  was  so  intricate,  and 
so  far  removed  from  the  ordinary  types  of  mathematical 
knowledge,  that  there  was  no  danger  that  this  new  found 
knowledge  could  be  polluted  by  being  used  by  anyone  but 
a  mathematician.  The  discussion  was  opened  by  a 
physicist  who  stated  that  he  had  been  looking  for  a 
mathematical  tool  capable  of  solving  a  problem  that  had 
baffled  him  for  2  years",  and  the  mathematician  had  just 
supplied  him  with  this  tool.  I  have  no  doubt  that,  sooner 
or  later,  if  it  has  not  happened  already,  some  inventor 
or  some  engineer  will  use  this  same  principle  in  some 
device  in  the  practical  affairs  of  mankind. 

Illustrative  of  this  same  viewpoint,  a  story  is  told  of 
Joseph  Henry,  who  was  one  of  the  fathers  of  American 
investigation  in  physical  phenomena.  Following  the 
work  of  Faraday,  he  studied  the  behavior  and  the  laws 
of  the  electromagnet,  and  published  a  theory  explaining 
how  electromagnets  might  be  designed.  It  is  said  that 
he  was  highly  indignant  at  a  friend  who  suggested  that 
Henry  had  really  invented  the  telegraph,  and  that  he 
should  have  patented  it,  instead  of  leaving  it  to  Morse. 
While  the  story  may  not  be  true,  the  fact  that  it  has 
been  repeated  for  years  illustrates  the  point  of  view  of  the 
scientist  of  that  time,  and  for  much  of  the  time  from 
Henry's  day  until  the  present.  Fortunately  for  the 
progress  of  mankind,  there  are  few  scientists  today  who 
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prefer  to  work  on  problems  having  no  prospect  of  ap- 
plication to  human  affairs.  The  time  between  a  dis- 
covery and  its  practical  application  grows  shorter  with 
every  decade. 

To  simplify  our  discussion,  we  will  define  science  as 
"the  search  for  and  the  classification  of  the  knowledge 
of  natural  phenomena,"  and  engineering  as  "the  appli- 
cation of  the  materials  and  the  forces  of  nature  to  the 
use  of  mankind."  These  definitions  are  not  so  good  as 
some  others,  but  will  be  sufficient  for  our  immediate 
purpose.  A  comparison  of  the  conditions  under  which 
a  scientist  works  with  the  conditions  affecting  the  work 
of  the  engineer  will  explain  many  of  the  relations  be- 
tween their  work. 

Scientific  Working  Conditions 

When  we  visit  the  laboratories  of  the  scientists, 
whether  in  the  university,  a  Government  department  or  a 
commercial-research  organization,  the  first  thing  that 
impresses  us  is  the  extent  to  which  the  scientist  works 
as  an  individual.  He  not  only  plans  his  work,  but  sets 
up  his  own  apparatus.  Frequently,  he  designs  the  auxil- 
iary equipment  and  is  very  likely  to  make  a  consid- 
erable portion  of  it  with  his  own  hands.  This  statement 
is  more  nearly  true  of  the  university  worker  than  of 
the  laboratory  man  in  a  large  industry,  but  it  is  true 
to  a  much  larger  extent  for  the  latter  than  for  the  en- 
gineer. Not  only  is  the  work  done  on  an  individualistic 
basis,  but  the  reports  are  made  on  the  same  basis.  The 
scientist  is  very  careful  to  give  credit  to  predecessors 
and  colleagues,  and  expects  to  and  does  receive  personal 
credit  for  his  own  contribution.  This  results  in  his 
coming  into  competition  to  a  certain  degree  with  the 
workers  in  his  specialty  over  the  whole  world.  This  tends 
not  only  to  give  him  a  greater  respect  for  himself  and 
his  work  but  also  to  make  him  very  careful  in  his  claims 
for  his  work,  for  he  knows  that  it  will  be  subjected  to 
a  careful  analysis  by  men  every  bit  as  good  as  he  is, 
with  the  possibility  that  much  better  minds  will  review 
it,  locate  any  possible  fault  and  overthrow  any  unfounded 
claim. 

The  important  thing  to  the  scientist  is  accuracy.  Cost, 
in  time  or  money,  enters  in  no  way  into  his  calculations, 
provided  he  can  obtain  the  necessary  minimum  of  money 
for  the  needed  equipment.  Since  no  commercial  value 
is  placed  on  the  result,  he  does  not  need  to  concern  him- 
self about  the  ratio  between  the  cost  and  the  value  of 
the  product.  This  attitude  is  of  course  perfectly  justi- 
fied, since  no  one  can  place  a  value  on  a  new  scientific 
fact.  It  is  only  a  little  over  90  years  since  Faraday 
demonstrated  the  laws  of  electromagnetic  induction. 
Without  a  knowledge  of  these,  practically  all  of  our 
electrical  applications  in  the  arts  today  would  be  out 
of  the  question.  It  is  said  that  at  the  end  of  his  very 
simple,  original  demonstration,  a  lady  in  the  audience 
asked  "Of  what  use  are  these  new  phenomena?"  and 
that  Faraday  answered,  "Of  what  use  is  a  new-born 
child?"  The  question  and  the  answer  typify  clearly  the 
usual  attitude  of  the  public  and  of  the  scientist. 

The  scientist  not  only  publishes  the  results  of  his  work 
as  an  individual,  but  he  is  under  considerable  pressure 
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unless  new  methods  have  been  developed  giving  promise 
of  a  greater  degree  of  accuracy  than  has  been  obtained 
previously.  Because  of  the  desire  for  great  accuracy 
and  the  wish  to  carry'  through  a  piece  of  work  that  will 
give  positive  results,  scientists  as  a  group  are  likely  to 
pick  out  points  for  attack  that  give  a  promise  of  leading 
directly  to  results  and,  as  a  result  of  the  work  being  so 
largely  a  matter  of  individual  choice,  many  gaps  are 
likely  to  be  left  in  a  given  field  of  science.  It  sometimes 
seems  to  an  onlooker  that  too  much  attention  is  given 
to  definite  detail,  and  not  enough  to  correlation. 

Eni;inkkrini;  Working  Conditions 

The  conditions  surrounding  the  work  of  the  engineer 
Known,  but  I  will  refer  briefly  to  the  more  sig- 
nificant   points    to   emphasize    the   differences    from   the 
situation   of   the   scientist.     First,    in   a   manufacturing 
organization  at  least,  the  engineer  works  as  a  part  of 
this  organization.     If  he  is  to  be  successful,  he  uses  this 
organization  in  every  way  possible.    He  never  does  any- 
thing in  :"   preparation   himself   that  can    be 
take-                         -factorily  otherwise.     In  most  organi- 
zatio  along   better   if  he  permits  other 
everything  that  they  will  do  with- 
If  he  doubts  some  of  the  results,  it  often 
good  policy  to  check-up  outside  of  regular  hours 
and   without   commer  ig  the  engineer's   earlier 
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that  his  work  will  be  judged  by  other  engineers  of  equal 
ability  until  his  firm  is  definitely  committed  to  a  produd 
that  may  lead  to  bankruptcy. 

As  a  general  proposition  the  engineer  cannot  publish 
very  much  about  bis  work  when  it  is  new.  His  intended 
publications  are  likely  to  be  subjected  t<>  censorship  from 
Buch  widely  diverse  viewpoints  as  those  of  the  patent  and 

the  sales  departments  Of  bis  company.  When  these  two 
groups  are  through,  there  is  usually  not  enough  left  of 
his  proposed  paper  to  justify  publication  anywhere. 
Many  have  doubtless  noticed  that,  in  many  lines  in  the 
pre-war  days,  the  foreign  technical  press  seemed  to  be 
more  worthwhile  reading  than  the  American  in  the  same 
line.  While  Europe  was  often  in  advance  of  us,  the  dif- 
ference on  the  average  was  not  so  great  as  the  technical 
azine  would  often  indicate.  The  foreign  engineer 
was  in  a  position  to  give  his  results  to  the  world  sooner 
than  the  American,  for  two  general  reasons.  The  first 
of  these  is  the  result  of  the  difference  in  the  patent  law.--. 
In  America,  it  is  often  years  after  the  patent  application 
is  tiled  before  it  is  definitely  settled  whether  there  was 
an  invention,  and  who  made  this  invention.  It  is  hardly 
necessary  to  remind  automobile  men  of  the  Selden  patent. 
Until  such  questions  are  finally  settled,  anything  that 
any  engineer  says  about  the  subject  is  liable  to  be  used  or 
misused  in  a  patent  controversy.  Foreign  patents,  as  a 
general  proposition,  go  to  the  party  first  applying  rather 
than  to  one  who  claims  to  be  the  inventor,  and  action  is 
usually  more  prompt  than  in  the  United  States.  As  a 
result,  the  patent  situation  clears  up  much  earlier.  Rela- 
tively more  business  is  done  by  small  companies  in 
Europe  than  in  America,  these  companies  calling  in  out- 
side consultants  for  all  except  routine  engineering  work. 
These  gentlemen  frequently  have  contracts  giving  them 
certain  rights  in  the  results  of  their  work.  The  papers 
they  publish  become  high-class  advertising,  not  only  of 
the  particular  result  but  of  the  engineer's  ability  to  ac- 
complish these  results.  The  technical  press  naturally 
benefits. 

The  engineer  must  above  all  things  count  costs,  not 
only  the  cost  of  producing  the  final  result  but  also  the 
cost  of  obtaining  the  data  that  will  enable  this  product 
to  be  designed.  If  he  fails  in  either,  he  will  cause  his 
company  great  difficulty.  Some  years  ago  the  following 
advertisement  appeared  in  an  electrical  magazine: 
"Wanted — An  engineer  to  design  a  line  of  small  direct- 
current  motors,  no  experimenter  need  apply."  This  par- 
ticular company  would  never  get  a  satisfactory  engineer 
on  that  basis,  but  it  is  pretty  safe  to  say  that  it  was  in 
the  pain  of  parting  with  an  engineer  who  had  failed  to 
nate  correctly  the  cost  of  his  development  work. 
The  engineer  must  have  a  pretty  definite  idea  as  to  the 
value  of  a  piece  of  information  he  expects  to  get  by  ex- 
perimentation; otherwise,  he  can  easily  spend  more  than 
it  is  worth  in  trying  to  get  it.  Because  of  a  frequent 
failure  to  analyze  properly,  he  often  fails  to  have  much 
of  a  picture  as  to  what  it  is  likely  to  cost  to  get  the  in- 
formation, and  this  is  one  of  the  lines  in  which  the  en- 
gineer needs  to  improve  his  work. 

Timk  Factors 

The  en;  always   working  against   a  due  date. 

times  it    is  a  bogey  he  sets  in  his  own  mind  and 
imes  it  is  set  by  the  management,  but  always  there 
is   a   possibility   that    some   competitor    will   reach   the 
result  he  has  in  mind  first.     He  is,  therefore,   under  a 
great  temptation  I  <,rk  before  he  has  studied  the 

problem  properly.  Usually  he  does  not  give  enough  at- 
tention   to   what   has   gone   before,   and   this   attitude   is 
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unfortunately  partially  justified  by  the  fact  that  so  many 
engineering  data  that  have  been  published  are  almost 
worthless  except  to  the  man  who  obtained  them,  because 
the  conditions  surrounding  the  work  were  not  set  out 
in  sufficient  detail  and  it  is  not  safe  to  make  very  many 
deductions.  Also,  most  successful  engineering  is  done 
along  lines  where  others  have  made  only  partial  success 
or  even  failures.  This  fact,  however,  does  not  justify 
the  complete  rejection  of  all  that  can  be  learned  of  a 
predecessor's  work,  and  engineers  frequently  are  guilty 
of  just  this  fault. 

The  engineer  is  under  more  pressure  than  the  sci- 
entist to  cover  rather  completely  the  field  of  his  own 
work.  Too  much  is  dependent  upon  his  making  sure 
that  some  unforeseen  and,  apparently,  small  factor  will 
not  interfere  with  the  success  of  his  apparatus.  Since  it 
is  humanly  impossible  to  predict  all  of  the  details  that 
may  arise,  the  engineer  is  compelled  to  make  more  or 
less  blind  thrusts  in  various  directions  to  determine  what 
may  possibly  happen.  An  automobile  engineer  calls  these 
thrusts  road  tests,  and  they  take  the  form  of  sending  a 
completed  assembly  of  more  or  less  completely  tried 
details  to  the  Pacific  coast  or  to  Florida  and  back,  de- 
pending upon  the  inclination  of  the  engineer.  Sometimes 
he  learns  something  he  could  not  have  learned  in  the 
laboratory  or  by  a  dynamometer  test,  but  more  usually 
every  point  he  thinks  has  been  settled  by  such  a  test 
could  have  been  settled  with  much  less  expense  within 
10  miles  of  the  factory.  Possibly,  part  of  the  fault  is 
with  the  management.  If  the  engineer  could  get  a 
reasonable  vacation  by  other  means,  he  might  be  able 
to  see  how  to  get  along  without  road  tests  crossing  so 
many  state  lines. 

Theory  and  Practice 

A  common  criticism  of  the  scientist  is  that  he  is  too 
theoretical.  The  criticism  is  doubtless  justified.  But 
many  engineers  are  more  theoretical  and  it  is  usually 
the  one  who  insists  most  on  his  practical  viewpoint  who 
is  the  most  theoretical.  A  theory  is  simply  an  explana- 
tion for  a  fact  or  a  group  of  facts.  As  a  general  propo- 
sition, the  more  facts  a  theory  explains,  the  better  it  is 
as  a  theory.  About  2000  years  ago,  the  average  man 
had  a  theory  that  the  earth  was  flat.  This  explained  the 
fact  that  it  looked  flat,  and  explained  very  little  else. 
More  than  2000  years  ago,  a  Greek  philosopher  at  Alex- 
andria had  a  theory  that  the  earth  was  round.  This  theory 
explained  several  facts  to  which  the  ordinary  man  gave 
but  little  consideration,  such  as  the  rising  of  an  object 
above  the  horizon  as  one  approaches  it,  and  the  rising  and 
the  setting  of  the  sun.  By  having  measured  the  lengths 
of  shadows  at  noon  on  the  same  day  at  two  points  on  a 
north-and-south  line,  he  computed  the  polar  circumfer- 
ence of  the  earth  to  a  very  high  degree  of  accuracy.  It 
does  not  seem  reasonable  to  say  that  the  philosopher 
was  more  theoretical  than  the  common  man  so  far  as 
their  ideas  regarding  the  scope  and  the  size  of  the  earth 
were  concerned. 

Not  all  the  engineers  are  yet  dead  who  once  had  a 
theory  that  a  hotter  spark  increased  the  power  of  an 
engine.  This  theory  explained  the  fact  that  a  weak  bat- 
tery with  the  old-style  vibrator-coil  sometimes  led  to  a 
condition  where  an  engine  overheated  and  lost  power. 
Everyone  of  these  engineers  who  used  this  theory  to 
explain  a  fact  that  they  had  seen,  or  heard  of,  on  good 
authority,  would  have  denied  indignantly  that  it  was 
in  any  way  a  theory,  or  that  they  reasoned  theoretically. 
A  theory  that  simply  explains  some  known  facts  may  be 
interesting,  but  it  is  of  very  little  value  unless  it  enables 


one  to  project  forward  and  say  that,  if  this  theory  is 
true,  then  some  as  yet  unknown  fact  must  be  real.  This 
suggests  at  once  that  a  test  can  be  made  to  determine 
the  existence  of  the  supposed  fact.  The  test  is  then 
made,  and  something  more  is  learned  at  once.  The  re- 
sults of  the  test  may  confirm  the  theory,  which  is  then 
stronger  than  ever,  and  we  have  as  a  by-product  of  the 
study  a  new  proved  fact.  The  results  may  be  opposed 
to  the  theory  and  we  are  on  the  way  to  a  correct  theory. 

A  beautiful  example  of  this  type  of  thing  has  led  up 
to  the  recent  theory  of  Einstein  regarding  relativity. 
From  the  days  of  Newton  until  early  in  the  last  cen- 
tury, scientists  discussed  the  nature  of  light.  Finally, 
the  wave  theory  seemed  to  win  and,  as  a  result  of  this 
and  of  Faraday's  work  en  electricity  and  heat,  Maxwell 
developed  his  theory  of  the  luminiferous  ether,  through 
which  light  waves  could  travel.  This  suggested  that,  if 
delicate  enough  measurements  could  be  made,  enough 
difference  in  the  speed  of  light  could  be  detected  under 
certain  conditions  of  measurement  to  determine  how 
fast  the  earth  is  traveling  with  respect  to  the  ether. 
Michelson  and  Morley,  and  later  Morley  and  Miller,  made 
the  attempt  and  failed  to  find  the  difference  in  the  velocity. 
Einstein  took  this  fact  and  simply  postulated  that  light 
always  travels  in  a  given  medium  at  the  same  velocity 
and,  by  mathematical  deduction,  worked  out  his  theory 
of  relativity.  As  a  result  of  his  mathematics  he  an- 
nounced his  theory  according  to  which  three  things 
would  follow:  First,  the  major  axis  of  the  orbit  of  the 
planet  Mercury  would  revolve  at  a  certain  very  slow  rate. 
It  is  known  that  it  does  revolve  at  a  rate  very  close  to 
the  requirements  of  Einstein's  theory.  Second,  a  ray 
of  light  will  bend  in  a  gravitational  field;  that  is,  when 
it  passes  close  to  a  large  body  like  the  sun.  Third,  the 
rays  of  light  originating  on  a  large  body  like  the  sun 
will  have  a  very  slightly  longer  wave-length  than  the 
light  rays  given  off  by  the  same  substances  on  the  earth. 
To  settle  the  second  prediction,  photographs  of  stars  ap- 
parently close  to  the  sun  are  taken  during  solar  eclipses. 
Three  years  ago,  two  expeditions  succeeded  in  getting 
one  photograph  that  seemed  to  confirm  Einstein's  theory. 
More  photographs  were  attempted  last  summer,  but  all 
of  the  reports  are  not  in. 

Astrophysicists  are  not  only  taking  new  spectrograms 
of  the  sun,  but  are  studying  old  ones  in  an  effort  to  settle 
the  third  prediction.  This  effect  is  so  small  that  other 
effects  such  as  solar  cyclones  and  varying  pressures  may 
easily  cause  greater  effects,  and  many  American  students 
are  skeptical  that  Einstein's  third  prediction  is  correct 
although  some  Germans  say  it  is. 

In  the  long  swing  of  the  progress  of  knowledge  it 
makes  no  difference  whether  Einstein  is  right  or  wrong. 
He  has  stimulated  the  scientists  of  his  time  tremen- 
dously, and  we  shall  not  only  learn  much  about  conditions 
on  the  sun  and  about  astronomy  but  also  considerable 
about  the  chemistry  of  the  photographic  plates  and  their 
behavior  during  development,  before  the  effect  of  this 
stimulus  wears  out. 

When  the  scientist  discusses  our  civilization  of  today, 
he  is  inclined  to  claim  most  of  the  credit  for  the  rapid 
advance  in  material  comfort  and  control  over  nature  that 
has  come  in  the  last  150  years.  Engineers  make  the 
same  claims  for  their  profession,  pointing  out  that  our 
civilization  is  based  on  modern  methods  of  production, 
transportation  and  communication  that  are  under  im- 
mediate control  of  the  engineer.  As  a  matter  of  fact, 
the  result  we  have  is  due  to  the  combined  efforts  of  both, 
the  scientist  being  sometimes  ahead  of  the  engineer  and 
sometimes  the  engineer  has  preceded  the  scientist  who 
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to  the  third  electrode  when  the  filament  was  hot,  the 
electrode  being  negative.  This  occurred  without  any 
apparent  connection  between  the  filament  and  the  elec- 
trode inside  the  lamp.  He  followed  this  idea  far  enough 
so  that  he  took  out  a  patent  before  1890  covering  a  wire- 

li tem  involving  this  principle.     The  patent  specifi- 

0  indicates  that  he  had  sent  signals  in  a  laboratory. 
It  also  shows  that  the  idea  of  tuning  was  not  known. 
This  required  some  preliminary  work  by  scientists,  al- 
though as  a  matter  of  fact,  the  basis  was  all  laid  at  this 
time,  rears  later  Dr.  Fleming,  a  scientist,  who  assisted 
Marconi,  took  advantage  of  the  Edison  effect,  as  it  was 
called,  and  produced  the  Fleming  valve  for  use  as  a  de- 
tecting device.  Deforest  improved  the  idea  by  the  addi- 
tion of  a  third  electrode  in  the  bulb,  producing  the  audion 
that  is  a  still  better  detector.  A  large  number  of  ex- 
perimenters took  the  three-electrode  tube  and  brought 
the  wireless  art  to  the  position  it  occupies  today.  This 
whole  wonderful  device  is  founded  on  the  work  of  sci- 
entists, and  its  development  is  principally  due  to  scien- 
yct  we  have  two  discoveries  of  vital  importance 
coming  first   from  engineers. 

Predictions 

Prophecy  is  an  exceedingly  dangerous  thing.  Rowland 
was  probably  the  foremost  American  physicist  of  the 
past  generation.  When  at  the  height  of  his  reputation, 
he  made  the  prediction  that  the  work  of  the  physicist 
of  the  future  was  to  consist  of  rechecking  the  work  of 
his  predecessors  and  improving  their  accuracy  and  deter- 
mining the  constants  such  as  the  velocity  of  light  to  more 
significant  figures.  In  his  opinion,  the  fundamental  dis- 
coveries were  all  made.  Immediately  after  this  the  nega- 
tive particle  of  electricity  that  we  call  the  electron  was 
discovered,  leading  directly  to  the  discovery  of  X-rays, 
and  to  facts  regarding  the  constitution  of  matter 
of  such  vital  importance  that  the  physicist  and  the 
chemist  of  today  have  an  entirely  different  picture  of  the 
nature  of  the  universe  from  that  held  by  Rowland.  If 
the  best  physicist  of  his  time  could  be  so  far  wrong,  the 
danger  to  an  engineer  of  prophecy  is  obvious,  but  two 
predictions  will  be  risked. 

One  of  the  most  important  contributions  of  the  sci- 
entist in  the  past  has  been  new  materials,  or  old  mate- 
rials improved  so  that  they  are  entirely  new  for  en- 
gineering purposes.  The  present  generation  of  auto- 
mobile engineers  has  seen  aluminum  develop  from  an 
expensive  material  that  hardly  could  be  called  a  metal, 
-o  far  as  its  physical  properties  are  concerned,  except 
for  the  fact  that  it  could  be  cast,  into  a  material  that 
can  be  produced  as  strong  as  mild  steel  and  that  can 
compete  with  steel  on  a  cost  per  result  basis.  Pure 
tungsten  was  practically  unknown  20  years  ago  and,  when 
first  produced,  it  scarcely  could  be  put  into  a  form  where 
it  could  support  its  own  weight.  Today,  the  tungsten 
wire  in  lamps  having  the  finest  filaments  has  a  tensile- 
strength  of  over  5(10,000  lb.  per  sq.  in.  This  again  is 
the  result  of  the  work  of  the  scientist.  With  such  ex- 
amples of  past  contributions  of  materials,  we  confidently 
can  expect  more  in  the  future. 

Another  contribution  of  great  importance  that  the 
scientist  will  make  to  the  engineer  in  the  future  is  the 
scientist's  method  of  working.  The  only  reason  the 
scientist  has  not  made  this  contribution  already  is  be- 
cause the  average  engineer  has  not  been  ready  to  receive 
it.  I    analyzes    his    problems,    divides    the 
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AN  important  feature  of  the  Semi-Annual  Meeting  of 
the  Society  held  at  Spring  Lake,  N.  J.,  June  19  to 
23,  1923,  was  the  presentation  of  three  papers 
dealing  with  the  general  subject  of  four-wheel  braking- 
systems  for  automotive  usage  and  the  interesting  discus- 
sion that  followed.    Three  types  of  brake  were  described 


and  commented  upon  by  the  authors  of  the  three  papers 
printed  herewith,  including  one  of  the  hydraulic  type  and 
two  types  of  mechanical  systems,  the  intention  being  the 
presentation  of  an  unprejudiced  symposium  on  the  merits 
and  demerits  of  four-wheel  braking  in  its  application  to 
the  motor  vehicle.    Two  of  the  papers  are  printed  below. 


MECHANICAL  BRAKING  ON  FOUR  WHEELS  AS  A 
PRESENT  AUTOMOTIVE  NECESSITY 


BY  ALVIN   M.  YOCOM1 


THE  author  states  that,  when  used  in  conjunction 
with  the  braking  effect  of  the  engine,  two-wheel 
brakes  work  well  in  retarding  a  car  on  long  or  heavy 
grades,  but  that,  for  emergency  stops,  which  are  by  far 
the  most  frequent,  two-wheel  brakes  do  not  give  a 
driver  the  positive  control  of  the  vehicle  and  the  sense 
of  security  that  are  imparted  by  the  retarding  effect  of 
braking  on  four  wheels.  The  mechanical  four-wheel 
braking-system  manufactured  by  the  company  the 
author  represents  is  described  and  illustrated,  the  claim 
being  made  that  the  front-wheel  portion  of  the  system 
can  be  connected  and  equalized  with  any  of  the  present- 
day  rear-axle  or  transmission  brakes  without  discard- 
ing any  of  the  rear-axle  or  transmission  brake-material. 
The  equalization  of  brakes  is  discussed  in  some  detail, 
inclusive  of  foreign  practice,  and  other  features  such 
as  "fight"  in  the  brake-pedal,  the  mounting  of  the 
steering-arms  and  the  distribution  of  shoe  pressure  to 
prevent  chattering  and  "grabbing"  are  considered. 

WITH  regard  to  the  possibility  of  reducing  car 
weight  and  complication  by  removing  the  brake 
rigging  from  one  truck  on  each  railroad  car,  a 
railroad  maintenance  official  would  say  immediately  that 
it  would  be  impossible  to  do  so  and  maintain  present  rail- 
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road  schedules  safely.  Further,  he  would  state  that  the 
wear  due  to  braking  on  one-half  of  the  normal  braking 
surface  would  cause  such  a  rapid  deterioration  of  brake 
mechanisms  that  using  this  type  of  construction  would 
not  be  a  sound  policy  economically.  Per  pound  of  load, 
railroad  equipment  is  much  heavier  than  that  used  for 
motor  transportation,  but  most  of  the  braking  in  railroad 
service  is  done  at  predetermined  points;  motor  vehicles 
are  manipulated  under  exactly  the  opposite  condition.  To 
miscalculate  by  a  fraction  of  a  second  often  means  a 
crash ;  grades  are  steeper,  acceleration  is  faster  and  fre- 
quently two  cars  are  each  driven  directly  into  the  path 
of  the  other. 

Used  in  conjunction  with  the  engine,  two-wheel  brakes 
work  very  well  in  retarding  a  car  on  long  or  heavy  grades 
but,  for  emergency  stops,  which  are  by  far  the  most  fre- 
quent, this  method  is  impractical  and  two-wheel  brakes 
do  not  give  the  driver  the  positive  control  and  the  feeling 
of  confidence  and  the  sense  of  security  that  are  imparted 
by  the  retarding  effect  of  braking  on  four  wheels.  The 
company  I  represent  has  evolved  the  design  shown  in 
Fig.  1  after  a  number  of  years  of  study,  experiment  and 
production  of  four-wheel  brakes. 

Two  shoes  inside  of  the  drums  are  expanded  by  toggles 
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Fig.   1 — Detatls   of  a  Recently   Evolved  Type  of  Front-Wheel  Brake 
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In  further  to  Fig.  1,  if  a  cam  be  used  to  ex- 

pand the  brake-shoes,  the  latter  must  be  machined  ac- 
curately and  the  brake-lining  mounted  without  a  pucker 
between  I  this  work  is  not  done  accurately. 

one  shoe  will  make  contact  with  the  drum  and  the  other 
shoe  will  not;  the  result  is  low  braking  efficiency.  This 
toggle  type  of  expander  is  self-centering;  if  one  shoe 
mak>  I  before  the  other,  the  reaction  of  the  con- 

tact of  one  shoe  forces  the  other  shoe  into  place;  thus, 
compensation  is  made  for  any  machining  or  lining  in- 
accuracies thai  •    ur. 
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actuating  rod  from  the  front  axle  and  one  actuating  rod 
from  the  rear  axle  to  the  brake-pedal  are  all  that  are 
necessary  to  apply  the  brakes  in  four  drums;  less  length 
of  actuating  rod  is  used  to  apply  four  brakes  in  this  man- 
ner  than  is  now  used  to  apply  two-wheel  brakes. 

Foreign  Equalization  Practice 

Many  foreign  designers  use  two  lines  of  rods  and  sev- 
eral equalizers.  Close  study  of  their  layouts  discloses  the 
fact  that,  due  to  frame  distortion,  spring  deflection  and 
the  use  of  cam  action,  it  is  possible  to  have  one  shoe  mak- 
ing contact  in  one  front  drum,  one  shoe  making  contact  in 
one  rear  drum,  and  the  other  six  shoes  not  even  touching 
the  drums;  of  course,  as  the  wear  in  the  two  shoes 
progresses,  the  other  six  shoes  finally  take  their  place. 
Let  us  assume  now  that  all  shoes  make  contact,  but  that 
loading,  heat  and  moisture  cause  an  uneven  swelling  of 
the  lining  or  a  distortion  of  the  shoes,  the  drums,  the 
frame  and  the  springs.  These  factors  cause  further 
trouble,  and  the  brakes  do  not  hold  properly;  again,  all 
the  shoes  are  not  making  contact  and  they  must  wear-in 
to  compensate  for  these  added  conditions.  Therefore, 
braking  conditions  vary  continually. 

Types  of  Construction 

The  use  of  a  full-reacting  type  of  construction  is  the 
.ranee  that  eight  shoes  or  four  bands  will  make 
contact  with  the  drums  from  the  time  the  brake-linings 
are  renewed  until  they  are  worn  thin.  It  is  the  one  con- 
struction that  wholly  compensates  for  production  and 
other  deforming  inaccuracies  and  gives  a  reasonable 
I  .rake  equalization  regardless  of  the  manner  of  brake  ad- 
justment. A  full-reacting  type  of  brake  is  one  in  which 
the  reaction  of  the  contact  of  one  shoe  must  force  the  op- 
posite shoe  into  contact,  and  the  reaction  of  one  pair  of 
shoes  must  force  the  other  pair  of  shoes  into  contact. 
The  reaction  on  the  front-brake  pull-lever  must  exert  a 
pull  on  the  rear-brake  pull-lever,  or  vice  versa. 

In  driving  over  a  rough  surface  there  will  always  be 
more  or  less  "fight"  in  the  brake-pedal;  but,  with  this 
reacting  type  of  brake,  each  pound  of  pedal  pressure  will 
be  multiplied  many  times,  eight  shoes  or  four  bands  will 
be  expanded  almost  simultaneously  to  be  in  contact  with 
the  drums  and  the  retarding  effect  will  be  a  delightful 
revelation  to  the  driver.  Over  rough  roads,  it  is  impos- 
jfble  to  force  eight  shoe-  against  four  drums  unless  full- 
reaction  construction  is  used;  anything  short  of  this  will 
result  in  uneven  wear  of  the  lining  and  faulty  unequalized 
brakes. 

ki.m,  Arm  .Mounting 

Attention   is  called  to  the  mounting  of  the  steering- 
I  hey  are  yoked  over  and  reinforce  the  steering- 


Vol.  XIII 


July,  1923 


No.   1 


FOUR-WHEEL  BRAKING  SYSTEMS 


57 


knuckles.  The  connection  of  the  steering-arms  and  the 
steering-knuckles  is  made  inside  the  drum-covers.  This 
makes  the  clean  construction  that  is  so  desirable  on  the 
front  wheels.  Bolt-heads  and  uneven  drum-covers  give 
a  clumsy  appearance  to  front-wheel  brakes.  The  brake- 
anchors  are  secured  by  the  same  bolt  that  clamps  the 
arms,  but  it  holds  both  arms  and  knuckles  in  such  a  man- 
ner that  it  is  not  directly  stressed  by  either  member. 
This  construction  is  very  simple,  accessible  and  easily 
dismounted. 

Reinforcement  and  Steering  Ability 

There  is  always  a  tendency  to  fracture  the  steering- 
knuckle  just  outside  the  steering-pivot  bearing.  This 
part  is  strengthened  by  carrying  the  brake-anchor  down 
and  bolting  it  fast  to  the  steering-knuckle,  thus  giving 
the  knuckle  a  much  higher  factor  of  safety.  The  steer- 
ing-arm knuckles  and  brake-anchors  are  grouped  to  re- 
inforce one  another  and  this  results  in  a  unit  that  is  not 


only  light  in  weight  but  also  strong  in  its  construction. 

If  the  front  wheels  are  retarded  to  such  an  extent  that 
they  cease  to  rotate,  the  driver  is  unable  to  steer.  To 
eliminate  this  danger,  the  operating  yoke  is  arranged  so 
that  it  makes  contact  with  the  toggle-bar  on  a  skew ;  this 
causes  a  lighter  pressure  on  the  shoe  that  tends  to  wrap 
into  the  revolving  drum  than  it  does  on  the  shoe  that 
tends  to  be  forced  away  from  the  revolving  drum.  This 
distribution  of  shoe  pressure  gives  a  surprisingly  smooth 
but  positive  retarding  effect,  and  the  danger  of  chatter- 
ing and  grabbing  of  brakes  is  wholly  avoided. 

Although  many  of  the  present  two-wheel  and  trans- 
mission brakes  are  very  efficient,  an  automobile  cannot 
be  brought  to  a  standstill  with  the  rapidity  with  which 
an  electric  car  or  railroad  train  is  decelerated.  Numer- 
ous accidents  point  to  the  necessity  of  better  brakes.  If 
all  that  possibly  can  be  done  has  been  done  to  create  the 
best  rear-wheel  brakes,  the  next  step  is  the  adoption  of 
a  simple  dependable  four-wheel-brake  system. 


THE  RENAULT  MECHANICAL  FOUR-WHEEL 

BRAKING-SYSTEM 


BY    MARCEL    GUILLELMON" 


THE  high  car-speed  demanded  by  present-day  drivers 
of  automobiles  is  stated  by  the  author  as  having 
necessitated  braking  systems  that  more  adequately 
overcome  the  effects  of  such  increased  momentum  than 
is  possible  with  ordinary  brakes  applied  only  to  the 
rear  wheels.  Since,  at  the  time  the  brakes  are  applied, 
the  greatest  part  of  the  weight  of  the  car  is  thrown 
upon  the  front  axle  and  the  front  wheels,  he  believes  it 
imperative  that  brakes  be  applied  also  to  the  front 
wheels  and  demonstrates  that  this  also  prevents  skid- 
ding as  well  as  increasing  the  braking  effect. 

The  four-wheel  braking-system  of  the  Renault  car  is 
then  illustrated  and  explained  in  detail,  and  the  advan- 
tages of  this  servo-brake  system  in  regard  to  braking 
power,  smoothness  of  operation  and  adequate  car  con- 
trol, are  set  forth. 

OWING  to  the  public  demand  for  high  speed  and 
the  consequent  greatly  increased  speed-ability  of 
present-day  motor-cars,  braking  systems  that 
adequately  overcome  the  effects  of  such  increased  mo- 
mentum become  an  imperative  necessity.  At  car  speeds 
of  more  than  40  m.p.h.,  I  believe  it  to  be  unsafe  to 
attempt  to  stop  a  car  quickly  if  it  is  equipped  only  with 
ordinary  brakes  that  act  solely  upon  the  rear  wheels. 
In  fact,  it  is  abnormal  to  exert  the  retarding  effort  only 
on  the  two  rear  wheels  because,  at  the  time  the  brakes 
are  applied,  the  greater  part  of  the  weight  of  the  car 
is  thrown  upon  the  front  axle  and  front  wheels.  Besides 
that,  when  the  ordinary  brakes  are  applied  too  suddenly 
to  the  rear  wheels,  the  car  has  a  tendency  to  skid  lat- 
erally. Therefore,  brakes  should  be  applied  also  to  the 
front  wheels,  since  brakes  applied  solely  to  the  two  rear 
wheels  have  proved  to  be  insufficient. 

In  1921,  Baudry  de  Saunier,  the  editor  of  Omnia, 
Paris,  France,  showed  very  positively  that  front-wheel 
brakes  will  prevent  skidding.  To  demonstrate  the  method 
of  proof,  I  will  use  a  small  toy  automobile  and  place  it 
at  the  top  of  an  inclined  surface  that  represents  a  steep 
grade,  such  as  an  inclined  sheet  of  stiff  cardboard.  If 
the  driving  wheels  of  the  car  are  in  normal  position  and 
can  travel  in  a  straight  line,  the  car  will  run  rapidly 

2  Vice-president.  Renault  Selling  Branch,  New  York  City. 


Fig.  4 — Diagram   Illustrating  the  Arrangement  of  the  Renault 
Four- Wheel  Brake-System 

down  the  inclined  surface.  Now  let  us  make  the  same 
experiment  and  lock  the  rear  wheels.  Then  we  will 
notice  that,  as  the  car  runs  down  the  incline,  the  rear 
end  skids  slowly  and  that  the  car  turns  through  a  semi- 
circle until  the  rear  wheels  occupy  the  position  that  the 
front  wheels  had  originally.  If  we  now  make  a  third 
experiment  and  lock  the  front  wheels,  the  car  will  de- 
scend the  incline  slowly  without  skidding  around. 

The  experiment  made  with  this  miniature  car  can  be 
repeated  with  a  full-size  car  that  is  equipped  with  brakes 
on  all  four  wheels.  When  applying  the  brakes  on  the  rear 
wheels  only,  if  the  car  is  running  on  a  greasy  road  it 
will  skid  laterally;  on  the  contrary,  if  the  brakes  on  all 
of  its  four  wheels  are  applied  simultaneously,  the  car  will 
stop  without  any  lateral  skidding.  In  addition  to  other 
advantages,  brakes  on  all  four  wheels  distribute  the 
braking  power  on  all  four  tires  and  thereby  reduce  the 
wear  of  the  rear  tires. 

The  Renault  Braking  System 

The  18-30  hp.  and  the  40-60  hp.  Renault  cars  are  fur- 
nished with  two  sets  of  brakes.  The  hand  brake  acts  di- 
rectly upon  the  driving  wheels  only,  but  the  foot-pedal 
brake  exerts  its  retarding  effort  on  all  four  wheels  si- 
multaneously. In  each  of  these  two  braking  systems,  the 
operation  is  through  internal  expanding  shoes  in  drums 
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fixeu  n  each  wheels,  the  shoes  or  segments  being 

expanded  by  the  angular  displacement  of  a  cam. 

Fi,-  wng  the  layout  of  the  servo- 

brake.  It  has  three  differential  compensators.  The  main 
differential  compensator,  a.  is  used  to  equalize  the  re- 
tarding effort  on  the  two  front  and  two  rear  sets  of 
brakes  and  it  controls  the  two  other  differential  compen- 
sators b  and  c,  which  equalize,  in  their  turn,  the  braking 
force  that  is  applied  to  the  individual  wheels.  The  main 
differential  compensator,  a  and  that  which  equalizes  the 
front  group,  c,  are  situated  under  the  floor-boards  in 
front  of  the  gearbox;  the  compensator  for  the  driving 
wheels,  6,  is  fixed  on  the  torque  tube,  to  the  rear  of  the 
ball  joint 

■  brake  cam-arms  of  the  driving  wheels  are  operated 
jds  of  fixed  length  that  connect  them  with  the 
compensator  shown  at  b.  These  rods  are  each  supple- 
mented by  two  other  rods.  The  brake  cam-arms  of  the 
front  wheels  are  connected  by  two  steel  cables  of  fixed 
length  that  connect  with  and  are  controlled  by  the  com- 
pensator shown  at  r.  The  brake-segment  rods  and  cables 
between  the  two  groups  of  brakes  are  regulated  finally 
before  tt  ')ur  factor}-;  they  should  o 

■ 

PHXCIFUB  of  the  Servo-Brakk 

.ce  the  foot-pedal  brake  actuates  the  entire  braking 
ice  on  all  four  wheels,  the  braking  effort  exerted  on 
each  wheel  is  always  in  accordance  with  the  amount  of 
resistance,  or  road-grip,  of  the  ncerned. 

•  ration    the    great    weight    of    the 
mod*  a  which  they  travel, 

not  suf- 


I  to  apply  the  necessary  force  needed  to  obtain  the 

maximum  braking  power.    A  normal  man  can  only  exert 

about    ISO   U>.  on  a  brake-pedal,  and   this 

allows  for  only  alnuu  -15  lb.  on  each  brake-drum,     it  is 

impossible  to  increase  this  pressure  very  much  by  lexers 
and  linkage,  because  the  movement  of  the  brake-pedal  is 
limited  to  sa>  10  to  12  in.  of  travel.  Further,  at  speeds 
of  more  than  35  m.p.h.  the  power  needed  for  each  brake- 
drum  should  be  at  least  four  to  live  times  greater  than 
the  power  a  driver  is  capable  of  exerting.  Hut  the  servo- 
brake  system  makes  it  possible  for  a  driver  to  exert  a 
very  great  braking  pressure  on  each  of  the  four  brake- 
drums  with  very  little  effort. 

This  small  amount  of  effort  needed  in  the  application 
of  the  servo-brake  is  due  to  the  fact  that  the  system  de- 
rives its  energizing  effect  from  the  movement  of  the 
car  itself;  therefore,  it  is  obvious  that  the  driver  can 
obtain  a  very  powerful  braking  force  with  a  minimum 
amount  of  effort. 

The  hand-brake  lever  is  moved  alongside  a  ratchet, 
which  can  be  regulated  or  set  to  produce  the  amount  of 
braking  effort  required;  to  release  the  hand-brake  lever, 
it  is  sufficient  to  raise  the  trigger  from  the  ratchet  tooth. 
This  hand-brake  lever  first  operates  the  differential  com- 
pensator, b,  in  Fig.  4,  and  this  equalizes  the  braking 
effect  on  each  of  the  driving  wheels. 

Servo-Brake  Description 

The  construction  of  the  servo-brake  is  illustrated  in 
Fig.  5,  as  well  as  the  relations  the  parts  bear  to  one 
another.  The  principles  of  its  operation  will  now  be 
described,  by  following  in  detail  the  manner  in  which  the 
foot  pedal  functions. 

The  propeller-shaft  d.  running  direct  to  the  driving 
wheels,  is  connected  through  a  worm  and  wormwheel.  < . 
with  the  plate  /  of  the  servo-brake  and  revolves  with  it ; 
therefore,  it  turns  at  a  speed  that  is  strictly  in  accord- 
ance with  the  speed  of  the  car,  but  one  much  slower  than 
that  of  the  propeller-shaft.  The  second  plate,  g,  is 
mounted  upon  a  shaft  so  that  it  can  be  displaced  longi- 
tudinally along  the  axis  of  the  shaft,  toward  the  plate 
/.  Under  the  action  of  the  brake-pedal,  the  rod  to  which 
it  is  connected  moves  the  nut  h  which,  in  its  turn,  rotates 
the  worm  i  in  the  same  direction  and  thus  controls  the 
movement  of  the  plate  g  axially.  A  "ferodo"  disc,  ;',  sep- 
arates the  two  plates  /  and  g  in  a  manner  similar  to  that 
used  in  clutch  construction;  when  the  brake-pedal  is  ac- 
tuated to  apply  the  brake  and  causes  plate  </  to  move 
toward  plate  /,  the  tendency  is  created  to  cause  the  plate 
'/  to  rotate  with  the  plate  /;  then,  through  the  action  of 
the  compensating  differential  and  its  levers,  fc,  the  brak- 
ing pull  originating  at  the  brake-pedal,  which  obtains 
added  power  due  to  the  action  of  the  plate-clutch  /  g,  is 
communicated  to  the  brakes. 

i'.vo-Brake  Adjustment 

The   "give"   in   the   brake-pedal    indicates 
'.f  play  between  '.  '/  and  j,  in  Fig.  5. 

When  the  ferodo  disc  ;  wears  sufficiently,  it  is  necessary 
ke-up  this  wear.   The  proce     of  doing  this  is  illus- 
ed  in  Fir-  '<■     The  two  pins  that  hold  the  inspection 
m    ari  together    with   the   plate.    Then, 

with  a  punch,  n,  the  collar  o  is  turned  in  a  clockwise 
dire/  .dim'  to  the  limit  of  the  brake-pedal  action, 

until  no  play  exi  een  il   and  the  controlling  nut. 

The  nut  is  then  unscrewed  irter  turn,  correspond- 

ing to  tl.  hole       If,  when  this  ad- 

justment has  been  effected,  the  brake-pedal  moves  of  it 
own  accord,   tl  d    ation   that   the  servo-brake 
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■has  been  adjusted  too  close;  that  is,  the  certain  amount 
of  play  which  is  absolutely  necessary  between  the  three 
plates  /,  g  and  j,  in  Fig.  5,  is  not  sufficient.  It  is  then 
necessary  to  unscrew  the  adjusting  nut  another  one- 
quarter  turn. 

Adjustment  of  Wheel  Parts 

As  shown  in  Fig.  7,  each  brake-arm  on  the  wheels  of 
the  car  is  fitted  with  an  adjusting  system  composed  of  an 
endless  screw  that  terminates  externally  in  an  hexagonal 
head,  p,  in  conjunction  with  a  toothed  wheel  that  is  solidly 
connected  with  the  cam-arm  q.  The  "taking-up"  of  the 
excess  of  play  that  might  exist  between  the  brake-shoes 
and  the  drums  is  accomplished  by  turning,  in  a  counter- 
clockwise direction,  to  the  extent  of  one  or  several  teeth, 
the  heads  of  the  endless  screws ;  the  number  of  these 
turns  must  be  exactly  the  same  for  each  wheel,  that  is, 
to  the  extent  of  an  equal  number  of  teeth. 

The  adjustments  having  been  made  while  the  car  is 
stationary,  it  should  then  be  jacked-up  completely  and 
all  of  the  car  wheels  should  be  rotated.  If  it  then  proves 
impossible  to  rotate  the  car  wheels,  the  brakes  are  ad- 
justed too  hard  and  the  four  adjusting  screws  should  be 
unscrewed  to  an  extent  that  is  exactly  the  same  number 
of  turns  for  each  screw. 

Hand  Brake  and  Lubrication 

When  the  hand-brake  lever  has  been  disconnected,  the 
levers  connecting  it  with  the  differential  compensator 
should  just  protrude  from  the  back  of  the  case  enclosing 
their  upper  parts. 

The  servo-brake  should  be  lubricated  with  thick  oil 
after  every  600  miles  of  car  travel.  This  is  done  by  un- 
screwing the  cap  provided  and  refilling  the  reservoir  to 
the  indicated  level, 

Braking  While  in  Reverse 

A  distinctive  and  important  feature  of  the  Renault 
servo-brake  is  that  the  driver  can  use  his  foot-pedal 
.  brake  while  the  car  is  standing  or  goes  backward.  Again 
referring  to  Fig.  5,  the  shaft  that  carries  the  plate  / 
carries  also  a  ratchet  device,  I,  the  object  of  which  is  as 
follows : 

The  device  remains  idle  when  braking  is  being  done 
while  the  car  is  traveling  forward  and  during  moments 
when  the  full  braking  force  is  required,  but  it  permits 
braking  when  the  car  is  stationary  or  in  reverse  gear; 
when   the  car   is  going  backward,  the  plate  /  is  free; 


Fig.  7 — Adjusting  the  Wheels 

because  the  ratchet  device  I  operates.  The  brake-pedal 
causes  the  nut  h  to  actuate  the  mechanism;  the  discs 
/  and  g  rotate  together  because  of  friction,  but  they  turn 
together  independently  of  the  propeller-shaft  and  as  if 
the  mechanism  comprising  the  parts  h,  i,  g,  f  and  k  con- 
stituted a  set  of  compensating  levers.  It  is  true  that  in 
this  instance  the  braking  power  is  less  than  when  the 
car  is  traveling  forward  but,  in  reverse  gear,  this  more 
moderate  braking  power  is  wholly  sufficient. 

Operative  Smoothness 

In  further  reference  to  Fig.  5,  the  plate  /  turns  at  far 
less  speed  than  that  of  the  propeller-shaft  d.  In  this 
manner,  the  heating  effect  due  to  friction  between  the 
plates  /  and  g  is  reduced  to  a  minimum. 

Due  to  this  reduction  in  plate  speed  and  the  extent  of 
the  friction  surfaces,  the  wear  on  the  ferodo  disc  /  is 
very  slight  and  a  remarkable  smoothness  of  operation 
is  attained  that  is  especially  evident  when  making  quick 
stops  of  a  car  that  is  traveling  at  high  speed. 

With  the  more  perfect  ear  control  attained  by  using 
brakes  on  all  four  wheels  that  are  actuated  by  a  servo- 
brake,  it  is  safer  to  travel  at  high  speed  and,  therefore, 
the  average  speed  that  can  be  maintained  is  very  much 
greater.  This  is  also  of  advantage  in  city  travel,  through 
congested  traffic,  which  necessitates  continual  stopping 
and  starting. 

After  one  has  become  accustomed  to  the  use  of  four- 
wheel  brakes  on  a  car,  to  ride  in  a  car  equipped  only 
with  rear-wheel  brakes  gives  one  the  same  feeling  of 
uncertainty  that  would  be  felt  if  one  were  to  ride  on  a 
railroad  train  at  express  speed  and  knew  that  the  train 
was  not  equipped  with  airbrakes  on  all  its  wheels. 


STANDARDIZATION  SAVING  IN  DOLLARS  AND  CENTS 


THE  $2,000,000  possible  reduction  in  armature  stocks  esti- 
mated by  A.  H.  Packer  in  his  paper  on  Maintenance 
Effects  on  Automotive  Electrical-Equipment  Standardization, 
presented  at  the  Chicago  Service  Meeting  and  published  on 
p.  283  of  the  March  issue  of  The  Journal,  raises  points  of 
much  interest  in  connection  with  the  maintenance  of  motor 
vehicles.  The  Society  has  standardized  electrical-equipment 
mountings  and  the  standards  have  been  adopted  in  practice 


to  a  certain  extent.  The  plans  of  the  Automotive  Electric 
Association,  in  furthering  standardization,  to  establish 
standard  sizes  of  generators  and  starting  motors,  warrant 
careful  consideration  by  the  industry.  Standardization  affect- 
ing the  internal  design  of  electrical  apparatus  is  not  consid- 
ered desirable,  but  interchangeability  of  electrical  units  of 
different  makes,  as  well  as  the  reduction  of  sizes  to  the  num- 
ber of  stock  sizes  of  the  units,  could  and  should  be  attained. 


CUTTING  TESTS  OF  HIGH-SPEED  STEEL 


FIVE  types  of  steel  are  to  be  considered  in  the  investiga- 
tion which  is  being  conducted  at  the  Bureau  of  Stand- 
ards, and  the  second  steel  of  the  series  has  been  heat-treated 
for  the  first  set  of  tests  in  which  hardening  temperature  is 
the  variable.  In  connection  with  this  work  a  number  of 
treatments  were  applied  to  a  single  heat  of  high-tungsten 
low-vanadium  steel  to  determine  whether  so-called  fish  scale 


or  flaky  fractures  could'  be  produced  intentionally  irrespec- 
tive of  the  quality  of  metal  as  has  been  claimed.  Normal 
fractures  were  obtained,  however,  in  all  cases,  but  these  tests 
will  be  supplemented  by  further  work  with  steels  of  question- 
able quality.  The  question  was  brought  up  for  discussion  at 
a  recent  meeting  of  the  American  Society  for  Steel  Treating 
at  Rockford,  111. 
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AFTER  outlining  the  operation  .    :i  piece 

of  apparatus  and   pointing  out   that   the   analysis 
made  by  .lrdly   likely   to  be  as  <  l 

as  that  made  by  the  production  department,  the  author 
point   that,   while    in    some    instances    the 
.-  neer  has  laid  himself  open  to  the  charge 
.'    arroga:  I  -man    is    not    entirely 

blan  reason  of  the  impetuousness  with  which 

be  makes  and  supports  assumptions.  For  a  designer 
to  make  and  maintain  personal  contact  with  a  large 
number  of  dealers  is  a  difficult  task. 

In  discussing  the  flat-rate  system  of  service  charges 
his  belief  that  undue  merit  had  been 
claimed  for  the  system  and  emphasizes  the  fact  that  it 
is  not  the  only  method  which  can  be  made  satisfactory 
-.e  car-owner.      To  be  acceptable  to  the  customer 
the  price  charged  for  repairs  must  appear  to  be  fair 
and  have  as  its  basis  an  accurate  method  of  determin- 
•he  cost.     Some  flat-rate  prices  for  sen-ice  repairs 
of   the  most   ordinary   character   are  obviously   unjus- 
tifiable.    As  opposed  to  these  objections,  the  flat  rate 
system   is   valuable    in    that    it    necessitates    a    careful 
analysis  of  the  various  operations.     After  commenting 
upon  the  variation   in   labor  and   time  that  sometimes 
results  from  the  difference  in  individual  conditions  on 
the  same  class  of  job,  the  more  serious  matter  of  the 
variation   in  the  amount  of  material  required  to  do  a 
first-class  job  under  different  conditions  is  brought  out. 
In  the  author's  opinion  such  variations  cannot  be  prop- 
provided  for  in  the  flat-rate  system,  with  the  in- 
evitable result  that  the  owner  who  is  careful  of  his  car 
.urged,   while  the  one  who  gives  less   thought 
to  the  car's  condition  escapes  with  an  undercharge. 

In  conclusion  the  thought  is  expressed  that  little  or 
no  demand  has  existed  for  economical  transportation 
by  automobiles  as  opposed  to  cheap  vehicles  and  that 
a  product  based  on  the  former  demand  would,  in  all 
probability,  be  a  failure.     B  n  the  near  future 

the  public  will  demand  economy  in   automobile  opera- 
and  this   will  be  made  possible  by  a  number  of 
factors,  among  which  are  the  development  of  the  high- 
ways, a  widespread  distribution  of  repair  facilities,  an 
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foundry  or  the  forging  department,  as  well  as  in  the 
machine  shop.  At  a  later  date,  the  design,  either  in 
embryo  or  in  completed  form,  will  be  passed  upon  by 
the  selling  organization. 

This  analysis  is  hardly  likely  to  be  as  exact  as  the 
production  analysis.  It  is  a  matter  of  record  that  de- 
signs which  were  met  with  the  most  violent  disapproval 
have,  by  their  merit,  proved  successful.  The  relatively 
few  cases,  however,  in  which  this  is  so  are  merely  an 
indication  that  the  factors  entering  into  this  particular 
part  of  the  problem  are  not  so  susceptible  of  being 
given  a  definite  quantitative  value.  It  has  been  assumed 
in  this  hypothetical  situation  that  there  is  no  service 
department  for  the  particular  device  in  question,  and 
this  has  been  done  purposely  simply  to  point  out  that 
whether  there  be  a  service  department  or  not,  after 
these  other  analyses  have  been  made  during  the  period 
in  which  the  design  was  being  created,  the  final  test  of 
the  suitability  of  the  device  is  the  service  rendered  in 
return  for  the  price  that  is  asked  for  it.  The  man 
responsible  for  the  design,  by  whatever  name  you  may 
call  him,  if  he  realizes  the  responsibilities  that  he  must 
assume,  cannot  fail  to  recognize  that  it  is  only  by  ob- 
servation of  the  manner  in  which  the  device  meets  the 
practical  requirements  of  the  user  that  he  can  check 
up  the  soundness  of  the  original  theory  on  which  the 
device  was  developed. 

Cooperation  of  the  Engineer  with  Other  Depart- 
ments 

It  seems  to  be  so  self-evident  that  the  engineer  should 
put  himself  into  sympathetic  relations  with  all  the  vari- 
ous branches  of  the  production  organization,  the  sales 
organization,  the  accountants  and  the  service  department 
in  order  that  he  may  properly  develop  any  mechanism 
for  which  he  is  responsible,  that  I  can  do  no  more  than 
most  heartily  endorse  any  reasonable  suggestion  for 
cooperation  between  the  various  individuals.  There  can 
be  no  possibility  of  excuse  for  the  engineer  not  taking 
into  consideration  service  reports,  no  matter  in  what 
form  they  come  to  him.  It  is  only  human  nature  that 
those  suggestions  which  are  presented  in  a  helpful 
manner  are  most  pleasant  to  consider.  Recognizing  this 
fact  does  not  establish  an  excuse  for  neglecting  to  pay 
attention  to  information  that  may  come  in  the  form 
of  querulous  complaint. 

With  regard  to  details  as  to  how  this  cooperative 
relationship  shall  be  best  established,  it  is  exceedingly 
difficult  to  outline  a  method  that  will  cover  all  require- 
ments. It  is  obvious  fundamentally  that,  as  with  most 
other  things,  personal  contact  is  the  most  efficient 
method.  It  is,  however,  to  be  recognized  that  it  is  too 
much   to  hat  the  service  reports  will  always   be 

plete  and  accurate,  or  that  the  recommendations 
made  should  always  be  followed  blindly.  Where  the 
engineer  can  be  justly  criticised  for  his  cold  arrogance, 
e-mao  can  frequently  be  criticised  for  the  im- 
petuosity with  which  he  makes  certain  assumptions  and 
porta  them.  It  must  moreover  be  recognized  that 
frequently  reports  from  two  different  service-sta- 
tions are  in  direct  opposition  to  each  other;  or  it  may 
be   that   alterations   desired    by   the  service   department 
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conflict  with  design  requirements  as  dictated  by  the  sales 
or  the  production  department.  The  engineer  is  there- 
fore placed  in  a  judicial  position  in  which  it  is  neces- 
sary for  him  to  exercise  his  judgment  in  determining 
which  of  the  conflicting  viewpoints  should  be  followed. 
Under  such  circumstances,  it  is  probably  not  unnatural 
to  suppose  that  the  opinion  of  the  engineer's  ability  and 
judgment  will  be  lower  in  the  minds  of  the  individuals 
whose  opinions  have  not  been  followed  than  it  is  in  the 
mind  of  the  one  whose  recommendation  has  been  adopted. 
This  situation  is,  of  course,  another  excellent  argu- 
ment for  the  establishing  of  those  personal  relations 
that  always  foster  confidence  between  the  engineer  and 
the  service  organization,  particularly.  I  think  it  is  also 
worth  taking  into  consideration  while  we  are  discussing 
this  subject  that  it  becomes  a  real  man's  job  to  get  into 
and  keep  in  personal  contact  with  the  multitude  of 
dealers  who  form  the  service  and  selling  organizations 
of  many  of  our  most  widely  sold  cars.  There  are  numer- 
ous ways  in  which  the  engineer  can  avail  himself  of 
information  obtained  from  the  service-station.  It  is 
unfortunate,  however,  that  most  of  these  methods  depend 
for  their  highest  efficiency  upon  personal  study  and 
interpretation.  Where  an  exceedingly  large  volume  of 
reports  are  received  and  must  be  digested,  it  becomes 
impossible  for  one  man  to  handle  the  details.  I  have 
found  it  exceedingly  difficult  to  train  junior  engineers 
to  take  the  necessary  critical  pains  in  analyzing  reports. 

Objections  to  Flat-Rate  Service-Charges 

The  flat-rate  system  of  service  charges  has  been  dis- 
cussed at  great  length  and,  while  I  believe  that  such  a 
method  possesses  many  features  of  merit,  I  am  convinced 
that  merits  are  imputed  to  the  system  which  it  will  be 
hard  to  justify  on  careful  analysis.  One  of  these  is  the 
statement  that  the  flat-rate  system  is  the  only  method  that 
will  succeed  in  bringing  the  customer  into  a  satisfactory 
frame  of  mind  with  regard  to  paying  the  bill.  It  seems 
that  to  have  the  price  for  work  done  acceptable,  several 
things  are  necessary.  First,  the  price  must  represent 
in  the  buyer's  mind  a  just  charge.  I  think  that  we  can 
all  point  to  a  number  of  service  jobs  on  an  automobile 
where,  even  with  the  best  of  accessibility  and  with  the 
best  of  facilities,  the  cost  of  a  repair  to  the  unskilled 
mind  is  out-of-line.  These  few  cases  can  undoubtedly 
be  adjusted  by  an  explanation  that  will  appear  reason- 
able to  the  majority  of  men. 

The  second  requisite  is  that  the  charge  for  the  service 
performed  be  based  on  an  accurate  method  of  deter- 
mining the  cost,  and  this  is  not  nearly  so  easy  a  propo- 
sition to  determine  as  it  might  appear  on  the  surface. 
I  submit  that  if  the  service-man  knows  his  costs  and 
thereby  establishes  a  fair  price  for  the  work  that  he 
performs  he  can  obtain  the  confidence  of  his  customer. 
Some  flat-rate  prices  for  service  repairs  of  the  most 
ordinary  character  are,  on  the  face  of  them,  absolutely 
unjustifiable.  It  appears  that  whether  the  customer  gets 
this  price  before  or  after  the  job  is  completed  is  of  little 
consequence,  except  that  the  service-man  might  get  one 
job  to  do  in  one  case  where  he  would  get  none  in  the 
other. 

The  big  value  of  the  flat-rate  system  lies  in  the  ne- 
cessity, in  establishing  such  a  system,  of  making  a  care- 
ful analysis  of  the  operations  and  determining  with 
accuracy  and  certainty  the  cost  of  the  operation.  Such 
a  process  is  recognized  to  be  indispensable  in  the  con- 
duct of  any  manufacturing  business,  and  is  equally  im- 
portant in  the  service  department,  although  to  date  the 
need    has    not   been    so    generally    recognized.      Due    to 


many  conditions,  it  has  been  possible  for  service  organi- 
zations to  survive  on  a  hit-or-miss  basis  of  price-making 
that  would  have  been  suicidal  in  the  manufacturing  end. 

Therefore,  if  the  advocates  of  the  flat-rate  system, 
instead  of  placing  emphasis  on  the  results  to  be  obtained 
from  the  system,  would  more  strongly  emphasize  the 
preliminary  investigations  that  must  be  made  and  the 
general  business  housecleaning  that  must  be  done  to 
establish  the  foundations  upon  which  a  successful  flat- 
rate  system  can  be  based,  their  purposes  would  be  better 
served.  Outside  of  the  variation  in  the  labor  and  the 
time  that  may  result  from  the  difference  in  individual 
conditions  on  the  same  class  of  job  in  the  way  of  parts 
that  are  frozen  and  thereby  consume  a  large  portion 
of  time  to  remove,  the  matter  of  the  variation  in  the 
amount  of  material  required  to  do  a  first-class  job  under 
different  conditions  is  more  serious. 

I  have  never  been  able  to  see  how  these  variations 
could  be  properly  provided  for  by  the  flat-rate  system 
unless  an  overcharge  were  made  in  some  cases  and  an 
undercharge  in  others  as  a  result  of  the  application  of 
the  law  of  averages  in  establishing  a  price.  This  in  it- 
self is  undesirable  and  becomes  more  so  when  it  is 
realized  that  with  this  system  the  man  who  is  over- 
charged is  the  fellow  who  has  been  careful  and  taken 
decent  care  of  his  car,  and  the  fellow  who  gets  the  bene- 
fit is  the  one  who  has  been  careless  and  neglected  it. 

The  Automobile  as  a  Transportation  Unit 

It  has  taken  a  long  time,  relatively  speaking,  for  the 
automobile  to  be  recognized  as  a  transportation  tool. 
The  process  is  just  in  its  beginning.  In  the  infancy  of 
the  industry,  the  vehicle  was  looked  upon  largely  as  a 
sporting  proposition.  Reliability  was  hoped  for  but  not 
expected,  and,  until  later  developments  in  carburetion, 
ignition  and  tires  removed  many  of  the  original  elements 
of  unreliability  and  delay,  was  despaired  of.  This  state- 
ment, of  course,  does  not  minimize  the  developments 
that  were  made  in  general  vehicle  design  and  of  ma- 
terials in  their  application  to  the  structure.  This  de- 
velopment, together  with  that  in  production  methods 
which  made  possible  the  wholesale  duplication  of  units 
with  the  consequent  lowering  of  first  cost,  has  made 
possible  the  volume  of  distribution  that  the  automobile 
has  had  in  these  recent  years. 

There  has  been  a  demand  for  cheap  automobiles,  but 
there  has  been  little  or  no  demand  for  economical  auto- 
mobile transportation,  which  is  an  entirely  different 
thing;  and  it  is  extremely  probable  that  the  attempt  to 
produce  and  market  an  automobile  based  on  such 
premises  would  meet  with  commercial  failure.  The  en- 
gineer has  been  thinking  for  years  about  economy  in 
operation,  and  is  in  possession  of  pretty  definite  in- 
formation of  the  lines  along  which  designs  should  be 
laid-out  to  obtain  this  economy.  It  has  never  been 
possible,  up  to  this  time,  to  get  these  ideas  into  practical 
form  because  they  would  not  have  met  with  public  ac- 
ceptance. There  is  no  question,  however,  that  within 
a  relatively  short  time  an  increasing  public  opinion  will 
be  coming  into  existence  that  will  be  favorable  to  and 
demand  economy  in  automobile  operation. 

Numerous  factors  will  make  this  possible.  Among 
them  may  be  cited  the  development  of  the  highways, 
the  very  general  distribution  of  repair  facilities,  an  in- 
creasing knowledge  concerning  things  mechanical  and  a 
greater  ability  to  form  a  judgment  as  to  true  value. 
As  these  factors  develop  and  make  their  influence  felt 
and  become  the  basis  for  a  new  theory  and  practice  in 
design  and  construction  of  automotive  apparatus,  some 
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mechanical  power.  We  think  usually  of  the  solution  of 
the  problem  of  tli>rht  as  an  invention,  as  a  revelation, 
granted  to  fortunate  and  gifted  individuals.  There  is  no 
doubt  of  the  gifts  of  the  individuals,  but  the  striking 
thing  is  that  this  first  flight  was  based  on  measurements 
made  by  scientific  methods,  even  if  only  crude  apparatus 
was  available.  These  measurements  were  made  after  the 
previously  published  data  were  found  to  be  inaccurate. 
The  problem  was  solved  by  analyzing  the  factors  involved, 
measuring  the  lift-drift  ratio  of  different  wing  sections 
and  different  wing  shapes,  determining  the  elements  of 
the  problem  of  flight  control  and  the  necessary  means  for 
this  control.  We  find  the  explanation  for  the  fact  that 
the  Wrights  learned  to  fly  and  never  had  an  accident  as 
9Ult  of  the  failure  of  the  powerplant,  when  we  find 
that  they  analyzed  the  reasons  for  gliders  going  into 
tail  spins  and  constructed  a  plane  that  could  not  go  into 
a  tail  spin  even  if  stalled. 

All  the  facts  regarding  all  inventions  and  discoveries 
would  show  that  the  results  were  obtained  as  the  result 
of  a  more  or  less  definite  plan  of  investigation,  and  as 
the  result  of  improved  measurements,  in  many  more 
cases  than  the  public  realizes.  Science  will  give  the  en- 
gineer wonderful  materials  and  wonderful  processes  in 
the  future  as  in  the  past.  Science  can  give  the  engineer 
today  something  that  in  the  total  will  really  be  of  more 
importance,  a  method  by  which  the  engineer  can  help 
himself,  the  scientific  method  of  working.  It  remains 
for  every  engineer  to  decide  how  far  he  can  make  use 
of  this  method. 
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■1'iminantly  in  the  tropic  or  the  sub-tropic  regions.  It  goes 
without  saying,  too,  that  a  very  wide  diversity  of  races  is 
represented  in  these  various  colonial  possessions,  calling  for 
a  high  degree  of  administrative  skill  on  the  political  and 
social  side  of  their  government;  while  the  economic 
problems  implied  by  the  vast  range  of  the  products  of  the 
different  colonies  and  the  possibilities  of  advantageous  de- 
ment they  afford  are  such  as  to  call  for  the  widest 
knowledge  and  the  greatest  intelligence  on  the  part  of  those 
charged  with  the  duty  of  coordinating  the  colonies  with 
Frar:  If    in    an    economic    sense    and   of   binding    the 

numerous    members    of    this    great    empire   together    in    one 
dependent   and    mutually    serviceable    whole. — Economir 
World. 
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LARGE  ATTENDANCE  AT  SPRING  LAKE 


Meeting  Attracts  748   to  Atlantic   Coast  Resort — Low- 

Pressure  Tires  Featured 

The  18th  Summer  Meeting  of  the  Society  was  a  distinct 
success.  The  attendance  reached  a  total  of  748,  which  is  only 
a  little  shy  of  the  record  for  Summer  Meetings  since  their 
inception.  Blessed  with  ideal  seashore  weather  throughout 
the  meeting  period,  every  feature  of  the  program  was  run 
off  without  interruption  or  postponement.  The  papers  pre- 
sented at  the  technical  meetings  drew  large  and  representa- 
tive audiences,  their  engineering  value  and  timeliness  were 
commended  and  the  discussions  were  productive  of  valuable 
opinion  on  the  debatable  points.  The  numerous  exhibits  and 
demonstrations  aroused  more  than  usual  interest  and  need- 
less to  say,  the  sports  program  brought  out  a  large  field  of 
recreation  lovers. 

The  sessions  and  informal  porch  meetings  seemed  to  re- 
flect a  preponderance  of  interest  in  the  introduction  of  large- 
section  low-pressure  air-cushion  tires  for  passenger  cars. 
Everyone  present  agreed  that  the  advantages  of  this  new 
equipment  were  sufficiently  attractive  to  warrant  a  very 
thorough  study  and  trial  of  the  new  tires  to  overcome  the 
disadvantages  that  were  cited  against  them.  Some  10  or  12 
demonstrating  cars  were  provided  at  the  meeting  for  the 
purpose  of  giving  the  members  first-hand  impressions  of  the 
improved  riding  quality  resulting  from  the  use  of  air-cushion 
tires,  and  these  cars  were  in  constant  demand  for  curb- 
climbing  and  rough  road  demonstrations.  It  is  evident  that 
the  tire  engineers  are  not  in  complete  agreement  among 
themselves  on  the  final  design  practice  that  will  dictate  sec- 
tional dimensions,  air-pressures,  rim  widths  and  sections  and 
other  important  fundamental  data.  They  did  reflect  an 
optimistic  attitude  toward  the  eventual  development  of  satis- 
factory low-pressure  tires  provided  they  can  secure  the  full 
cooperation  of  car  engineers  in  altering  spring,  steering  and 
chassis  design  to  take  the  utmost  advantage  of  the  air- 
cushion  principle. 

Four-wheel  brakes,  head-lamp  glare  and  full  problems  also 
received  attention  at  the  technical  meetings.  The  fact  that 
four-wheel  brakes  can  stop  a  car  quickly  was  not  questioned, 
but  one  judged  from  the  discussions  that  many  design  points 
must  be  perfected  before  the  use  of  this  form  of  braking  be- 
comes universal.  The  danger  of  losing  control  of  the  car 
when  only  the  front  brakes  lock  seemed  to  be  the  chief  point 
of  discussion  between  the  advocates  of  four-wheel  brakes 
and  those  who  are  investigating  them.  That  head-lamp  lens 
design  is  being  put  on  a  more  scientific  basis  was  shown  by 
the  technical  session  and  demonstration  devoted  to  glare  and 
road  illumination.  The  Bureau  of  Standards'  report  on  fuel 
volatility  research,  valuable  studies  made  at  Cornell  Uni- 
versity on  the  effect  of  spark  advance  and  the  Research  De- 
partment's progress  report  on  fuel  research,  filled  the  Friday 
session  with  interesting  material. 

The  following  pages  present  a  complete  report  of  each  of 
the  meetings  and  all  of  the  sports  and  entertainment.  Nearly 
all  of  the  papers  are  printed  in  full  in  this  issue. 


H.  M.  CRANE  PRESIDENTIAL  NOMINEE 


Nominating   Committee    Announces   Ticket   of   Society 

Officers  for  Year  1924 

H.  M.  Crane  was  nominated  to  serve  as  president  of  the 
Society  for  the  next  administrative  year  by  the  Nominating 


Committee,  which  was  completed  and  organized  at  the  Spring 
Lake  meeting.  The  committee  reported  the  following  other 
consenting  nominees  for  the  elective  offices  next  falling 
vacant  under  the  constitution,  that  is,  after  the  1924  Annual 
Meeting   of   the   Society. 

First  Vice-President — E.  A.  Johnston 

Second    Vice-President,    representing    motor-car    engi- 
neering— W.  R.  Strickland 

Second   Vice-President,   representing  tractor  engineer- 
ing— J.  F.  Max  Patitz 

Second    Vice-President,    representing    aeronautic    engi- 
neering— H.  L.  Pope 

Second  Vice-President,   representing  marine   engineer- 
ing— W.  C.  Ware 

Second  Vice-President,  representing  stationary  internal- 
combustion  engineering — T.  B.  Fordham 

Councilors  (to  serve  during  1924  and  1925) — J.  H.  Hunt,    ' 
A.  K.  Brumbaugh,  M.  P.  Rumney 

Treasurer — C.  B.  Whittelsey 


.   H.    M.    Crane    Who    Has    Been    Nominated    for 
President  op  the  Society  for  the  Year  1924 

The  members  of  the  1923  Council  who  will  hold  over  during 
1924  are  H.  W.  Alden  as  past^president  and  Councilors 
W.  A.  Chryst,  F.  W.  Gurney  and  A.  J.  Scaife. 

The  Nominating  Committee  was  constituted  of  F.  M. 
Germane,  chairman,  member-at-large;  Ernest  Wooler,  Cleve- 
land Section;  Lester  Keilholtz,  Dayton  Section;  George  E. 
Goddard,  Detroit  Section;  O.  C.  Berry,  Indiana  Section; 
C.  F.  Scott,  secretary,  Metropolitan  Section;  T.  Milton,  Mid- 
West  Section;  W.  M.  Newkirk,  Pennsylvania  Section;  A.  W. 
S.  Herrington,  Washington  Section;  E.  P.  Warner  and  E.  H. 
Schwarz,  members-at-large.  A.  W.  Scarratt,  Minneapolis 
Section,  was  kept  in  touch  with  the  committee  by  telegraph. 
The  members  of  the  committee  elected  by  the  Buffalo  and 
New  England  Sections  were  not  in  attendance. 

This  was  the  annual  Nominating  Committee,  provided 
for  by  the  Society's  Constitution,  under  which  20  or  more 
members  entitled  to  vote  may  constitute  themselves  a  special 
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■  'rk  of  the  members 
average  at 
--s  had  been  good.     He  spoke  briefly  with 
rega-  .ajor   su:  .  which   the    Society   has 

ir,  namely,  highways,  trans- 
portation and  production.  He  said  that  the  excellent  Trans- 
portation Sit'  land  in  April  showed  that 
the  Socie'  uch  with  the  railroads  and 
the  electric  railways,  the  railroad  people  cooperating  in  a 
commendable  manner  and  a  joint  meeting  of  the  Society 
and  the  American  Electric  Railway  Association  being  pro- 
posed to  be  held  at  Atla  n  October.  President  Alden 
•.hat  the  highway  research  studies  in  which  the  Society 
is  participating  are  proceeding  satisfactorily.  He  said  that 
the  Production  Meeting  held  in  Detroit  last  October  had 
helpful. 
V»  :h  regard  to  financial  matters.  President  Alden  an- 
nounced that,  whereas  during  the  last  fiscal  year  and  up  to 
May  of  this  fiscal  year  the  expenses  of  the  Society  had  been 
greater  than  its  income,  for  the  period  of  the  current  fiscal 
year  ending  May  31  a  small  unexpended  income  could  be 
reported. 

The  office  staff  was  commended  for  effective  assistance  in 
the  work  of  the  Sections  of  the  Society. 

report  of  Treasurer  Whittelsey  reflected  the  steady 
growth  in  the  income  of  the  Society  throughout  the  fi] 
months  of  this  fiscal  year.  At  the  close  of  business  on  May  31 
there  was  an  excess  of  income  over  expense  of  $878.33. 
At  the  tame  time  last  year  there  was  a  deficiency  of  about 
■0;  that  is,  the  net  income  for  the  present  fiscal  year 
has  increased  over  $19,000  as  compared  with  that  for  the 
same  period  of  1922.     In  the  las-  I  years,  it  has  been 

possible  except  during  one  year  to  hold   the  expense  below 
-nit*  of  the  budget  and  maintain  the  income  at  a  figure 
the  budget,  leaving  a  surplus  of  from  $10,000  to  $30,- 
i'-h  year.     Although  not  an  organization  maintain- 
ing activities  for  profit,  from  a  financial  point  of  view  the 

'y  is  operated  along  the  same  general  lines  as  a 
bouse.      At    the    present    time,    the    income    from    members' 
dues  constitutes  about  art  of   the   gross   income  of 

the  S'jciety,  the  other  part  of  the  gross  income  being  derived 
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this,  the  total  membership  is  about  the  same  in  number  as 
year.      It    ia   considered   that  the   membership   is   sounder 
as    a    whole    from    the    standpoint    of    continuing    interest    in 
the  work   of  the  Society. 

In  connection  with  the  report  of  the  Meetings  Committee, 

which    was    presented    by    Assistant    lieneral    Manager    Hill. 

dent  Alden  asked  for  an  expression  of  opinion  from  the 

members  present  as  to  the  desirability  of  the  Society  holding 

imiva]   or  a   Dinner-Entertainment,  similar  to   those   of 

UiL'l   and   1922,  during  Automobile  Show  Week   in   New  York 

next   January.      A    vote  was  passed    indicating   that   it 

would  be  agreeable  if  the  Council  decided  not  to  revive  this 

event   which  was   discontinued   in   connection  with  the   1923 

Annual    Meeting   in    New   York  City. 

Harold  W.  Slauson,  chairman,  presented  the  report  of  the 
Committee.     He  cited  the  following  as  among  the 
most  important  actions  of  the   Sections  Committee  and  the 
Council  this  year: 

il)  Continuation  of  the  procedure  whereby  only  mem- 
bers of  the  Society  in  good  standing  are  eligible 
for  membership  in   Sections 

(2)  The  defining  of  territorial  limits  of  the  natural 
field  of  activity  of  each  Section,  these  being  the 
basis  of  appropriations  to  the  Sections  from  the 
treasury  of  the  Society 

(3)  The  decision  that  the  Society  shall  pay  to  each 
Section  $3  for  each  Section  member  who  resides 
outside  the  territory  of  the  respective  Section  and 
not  in  territory  allotted  by  the  Council  to  any 
other  Section.  This  is  in  addition  to  the  Society 
payment  to  each  Section  of  $2  for  each  Section 
member  and  $1  for  each  Society  member  residing 
in  the  respective  Section  territory  although  he  is 
not  a  member  of  the  Section 

(4)  Official  announcement  that  the  principal  activities 
of  the  Sections  being  of  a  professional  nature,  the 
expenditure  for  social  activities  of  Section  funds 
derived  from  the  treasury  of  the  Society  should  be 
discouraged.  This  does  not  mean  that  the  Sections 
Committee  and  the  Council  do  not  favor  Section 
outings  or  entertainments,  the  expense  of  which  is 
defrayed  through  some  form  of  assessment  paid  by 
Section  members  as  well  as  by  guests. 

The   establishment   of   standard    requirements   for 
the  formation  of  a  Section 

<  hairman  Slauson  announced  that  the  Sections  Bulletin 
issued  from  the  office  of  the  Society  had  greatly  assisted  the 
Sections  Committee  and  the  Sections  officers,  and  in  addi- 
tion that  the  Sections  manual  is  being  revised  with  a  view 
to    condensing    and    making    it    more    effective. 

Mr.  Slauson  presented  the  following  table  of  percentage 
of  Society  members  in  each  Section  territory  who  have  be- 
come  members  of  the  respective  Sections: 

Serf  Per  Cent 

Indiana  52 

Buffalo  52 

Detroit  50 

Dayton  42 

neapolia  41 
Pennsylvania 

tropolitan  28 

Mid  v  28 

Kngland  24 

21 

Wa-hiri;'  21 

Except  in  the  case  of  the  Buffalo,  the  Indiana  and  the 
Pennsylvania  the    figures   above    given    have   been 

nted  from  Section  report!  made  as  of  April  21,  1923.  It 
d  that  the  spirit  of  competition  among  the  Sections 
will  be  increased  not  only  in  the  matter  of  percentage  of 
membership  but  also  percentage  of  membership  attendance 
at  Section  meetings.  President  Alden  said  that  the  Sections 
Committee  had  worked  hard  and  done  food  work,  the  See- 
now  being  in  a  better  condition  than  before.    He  pointed 
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out  that  the  Committee  and  office  of  the  Society  cannot  alone 
do  all  that  should  be  done  in  furthering  the  growth  and  value 
of  the  Sections  and  urged  the  members  to  support  their 
Sections.  He  reiterated  the  statement  that  the  life  of  the 
Society   depends   upon   the   sections. 

Vice-Chairman  Charles  M.  Manly,  of  the  Standards  Com- 
mittee, reported  upon  the  action  of  that  Committee  at  its 
session  held  the  same  day.  His  report  was  approved.  Mr. 
Manly  protested  against  the  making  of  unduly  late  criticisms 
of  the  reports  of  Divisions  of  the  Standards  Committee, 
stating  that  the  lodging  of  various  objections  at  the  Stand- 
ards Committee  meeting  after  there  had  been  an  opportunity 
for  months  to  express  dissenting  views  amounted  in  his 
opinion  to  destructive  criticism.  He  said  that  in  view  of 
the  fact  that  the  Divisions  spend  a  large  amount  of  time  and 
thought  in  preparing  their  reports  more  consideration  should 
be  given  them  in  connection  with  the  tendency  to  refer  back 
their  reports  in  an  offhand  manner.  He  entered  a  plea  for 
as  much  constructive  criticism  as  possible  in  advance  of 
the    Standards    Committee   meetings. 


STANDARDS  COMMITTEE  MEETING 


The  meeting  of  the  Standards  Committee  at  Spring  Lake, 
N.  J.,  on  June  19  was  convened  by  Past-President  B.  B. 
Bachman,  and  later  presided  over  by  Vice-Chairman  Charles 
M.  Manly.  Committee  and  Society  members  and  their  guests 
to  the  number  of  114  attended,  which  was  very  creditable 
considering  the  many  attractive  features  of  the  resort  that 
tended  to  draw  the  members  from  the  meeting. 

Of  28  reports  submitted  by  13  Divisions,  27  were  approved 
in  original  and  amended  form,  only  one  being  referred  back 
as  a  whole.  This  was  the  report  on  Engine  Testing  Forms, 
submitted  by  the  Engine  Division,  which  it  was  thought 
should  be  reconsidered  in  connection  with  several  sugges- 
tions made  during  discussion.  That  part  of  the  Nomen- 
clature Division's  report  on  Radiator  Nomenclature  which 
denned  the  several  types  of  radiator  core  was  referred  back 
to  the  Division  largely  because  of  Herbert  Chase's  discussion. 
The  Electrical  Equiment  Division's  report  on  Magnet  Wire, 
and  the  Parts  and  Fittings  Division's  report  on  Fuel  and 
Lubrication  Pipe-Fittings  were  withdrawn  prior  to  the 
meeting. 

The  complete  report  of  the  action  taken  on  all  the  reports, 
together  with  the  pertinent  discussion  thereon  and  the  names 
of  those  in  attendance  will  be  found  beginning  on  page  79 
of  this  issue  of  the  Journal. 

A  number  of  subjects  were  suggested  for  consideration 
by  several  Divisions,  and  these  will  be  included  in  the 
schedules  of  work  for  the  fall.  It  is  not  probable,  however, 
that  any  meetings  of  Divisions  will  be  called  until  the  latter 
part  of  September,  when  official  notice  will  be  sent  to  all 
members  of  Divisions  and  Subdivisions  as  in  the  past. 


JUNE  COUNCIL  MEETING 


The  meeting  of  the  Council  held  on  June  18  at  Spring  Lake, 
N.  J.,  in  connection  with  the  Semi-Annual  Meeting  of  the 
Society,  was  attended  by  President  Alden,  Past-President 
Bachman,  First  Vice-President  Crane,  Second  Vice-Presidents 
Masury  and  Warner,  and  Councilors  Chryst,  Gurney,  Scaife, 
Scott,  Smith  and   Swetland. 

The  report  of  the  Meetings  Committee  with  regard  to  the 
Production  Meeting  to  be  held  in  Cleveland  in  October  and 
the  1924  Annual  Meeting  of  the  Society  to  he  held  in  De- 
troit next  January  was  discussed.  It  was  decided  not  to  hold 
the  1924  Service  Meeting  of  the  Society  in  Chicago  during 
the  week  of  the  Automobile  Show. 

Eighty-nine  applications  for  individual  membership  were 
approved.  The  following  transfers  in  grade  of  membership 
were  made:  Junior  to  Member,  Claude  S.  Mobley,  Arthur  H. 
Rapp,  Raymond  W.  Dwyer,  E.  Tasso  Morgan,  Herbert  Joseph 
Howerth;  Associate  to  Member,  Howard  L.  Davis,  Charles 
W.  Wolfe,  Herbert  Scheel,  W.  H.  Marty,  N.  R.  Haas,  N.  J. 


The  Council   Members  Who  Attended  the  Meeting 

Clausen,  E.  R.  Jacobi,  O.  D.  Heavenrich,  Victor  Jantsch, 
B.  M.  Leece,  C.  H.  Paulsen;  Junior  to  Associate,  Raymond  F. 
Buckley. 

It  was  reported  that  up  to  June  15,  1923,  464  applications 
for  membership  and  student  enrollment  had  been  received 
during  1923. 

The  following  appointments  to  the  Standards  Committee 
were  made : 

Iron  and  Steel  Division — J.  D.  Cutter. 
Lubricants  Division — H.  J.  Saladin. 

The  regulations  governing  the  procedure  of  the  Standards 
Committee  were  revised  to  provide  that  the  letter  ballot  of 
Society  members  on  adoption  of  standards  shall  be  returnable 
21  days  following  the  publication  in  the  Journal  of  the  action 
taken  by  the  Standards  Committee  on  Division  reports.  It 
is  expected  that  this  will  save  approximately  30  days'  time 
in  the  issuance  of  new  data  sheets  to  the  members  of  the 
Society.  The  present  regulations  provide  for  the  counting 
of  letter  ballots  60  days  following  the  Society's  Business 
Meeting  at  which  Standards  Committee  action  is  passed. 

Rule  1  was  amended  to  authorize  the  closing  of  the  office 
of  the  Society  at  noon  on  business  Saturdays  during  July 
and  August. 

The  next  meeting  of  the  Council  is  scheduled  to  be  held 
in   September. 


MEMBERS  DISCUSS  HIGHWAYS 


Highways  Committee  Chairman  Bachman  Stages  Dis- 
cussion of  Relation  of  Vehicle  to  Road 

The  meeting  called  by  Chairman  Bachman  for  Wednesday 
afternoon,  June  20,  at  Spring  Lake,  N.  J.,  was  well  attended. 
Some  time  ago  Dr.  T.  J.  MacDonald,  chief  of  the  Bureau  of 
Public  Roads,  asked  representatives  of  the  automotive  and 
rubber  industries  to  attend  a  conference  in  the  City  of  Wash- 
ington to  consider  a  program  of  highway  research  laid  out 
by  that  Bureau.  Much  interest  was  shown  in  this  program 
by  a  large  number  of  members  to  whom  copies  were  sent 
after  the  Washington  conference.  The  object  of  the  con- 
ference at  Spring  Lake  was  to  afford  an  opportunity  for 
a  further  discussion  of  those  parts  of  the  Bureau  of  Public 
Roads  program  that  most  concern  the  automotive  engineer, 
and  to  formulate  a  definite  policy  regarding  the  relation  of 
the  Society  to  the  Government's  research  program. 

Nature  and  Object  of  the  Tests  Explained 

A.  T.  Goldbeck,  of  the  Bureau  of  Public  Roads,  explained 
that  his  organization  is  undertaking  a  series  of  tests  "for  the 
correlation  of  the  motor  vehicle  and  the  road  to  promote  the 
maximum  economy  in  highway  transportation."  These  tests 
involve  the  building  of  a  stretch  of  road  made  up  of  slabs 
of  different  thicknesses  of  concrete  laid  on  at  least  two  types 
of  subgrade.  Vehicles  of  different  weights  will  be  run  over 
this  road  and  the  stresses  in  the  concrete  will  be  measured 
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Society's  Engineers  Discuss  the  Program 

answer  to  a  question  by  M.  C.  Horine  of  the  Interna- 
tional Motor  Co.  as  to  why  the  re  confined  to  con- 
crete roads,  Mr.  Goldbeck  explained  that  concrete  being  a 
rigid  material,  it  le  to  make  stress  measurements 
that  would  be  impossible  in  other  road  materials.  However, 
by  measuring  the  stresses  produced  in  concrete  slabs  by  a 
ind  determining  the  destructive  effects 
of  these  same  vehicles  on  other  types  of  road  it  is  hoped  to 
secure  some  reliable  information  on  the  loads  that  the  latter 
type  of  road  will  sustain.  It  would  be  impossible  to  make 
tests  on  all  the  many  classes  of  road,  hence  only  a  few  typi- 
cal constructions  can  be  given  special  study. 

.rained  through  th  h  is  needed  by  the 

•  '-ers  to  permit  the  designing  of  roads  to  suit 

the  •  'affic   and   types   of  vehicle,   and   by   the   auto- 

r  and  the  tire  designer  to  assist  in  designing 

uid  equipment  that  shall  not  impose  <  loads 

ays;    both    with    a  ■    securing    greater 

economy   in   highway  transport.      Mr.   Goldbeck   referred,   in 

passing,   to   the   research   work    which    is    being   carried   out 

1  ollege    to 
operating  cost  factors,  fuel   and  tires   as   ef- 
fected by  highway  conditions.    Mr   Borine  expressed  a  hearty 
endo-  t  the  Bureau  of  Public  Roads'  program  as  laid 

out  ■  ■  expressed  the  obvious  sentiments  of  the 

%    the    details    of    the    program    Mr.    Horine 
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study  of  impact  effects  on  the  road,    President  Alden  stressed 
the  point  that  the  highway  engineer's  problem  in  designing 
I  is  parallel  to  the  automotive  engineer's  problem 
in  di  i  vehicle  so  that  it  may  have  a  minimum  de- 

structive  effei  (pressed   the   opinion   thai    the    road 

designer  has  caused   as  much  damage   to  trucks   as   the'  tiuck 

.ols. 

The  test  road  that  was  specially  constructed  for  the  pur- 
of  this  work  is  already  complete  and  the  Bureau  plans 
to  begin  tests  in  about  a  month,  according  to  Mr,  Gold 
who  appealed  to  the  automotive  engineers  and  to  the  repre- 
sentatives of  the  National  Automobile  Chamber  of  Commerce 
for  cooperation.  He  wished  the  Society  to  appoint  an  ob- 
r  to  follow  the  cests  and  requested  that  the  National 
Automobile  Chamber  of  Commerce  supply  test  vehicles,  in- 
cluding a  TV-ton  truck  and  one  or  more  semi-trailers. 
Alfred  Reeves,  speaking  on  behalf  of  the  latter  organization, 
agreed  to  supply  these  vehicles  and  the  Tire  and  Rim  As- 
sociation, through  Mr.  Litchfield,  expressed  its  readiness  to 
supply  a  man  to  assist  in  changing  and  taking  care  of  tires. 

Publication  of  Results  Will  be  Handled  Coopera- 
tively 

In  discussing  the  procedure  to  be  followed  in  publishing 
the  results  of  the  highway  tests,  H.  M.  Crane  suggested  that 
the  cooperative  plan  by  which  the  joint  fuel  research  was 
handled  by  the  National  Automobile  Chamber  of  Commerce, 
the  American  Petroleum  Institute  and  the  Society  through 
a  steering  committee  composed  of  representatives  of  all  three 
organizations  supplied  an  excellent  precedent  and  should  be 
followed  in  this  case.  The  suggestion  was  adopted  and  the 
meeting  closed  with  the  appointment  of  Dr.  Dickinson  and 
Mr.  Goldbeck  as  a  committee  to  settle  the  matter  of  a  whole 
or  part-time  representative  of  the  automotive  industry  to 
supervise  the  tests. 


LARGE-SECTION  AIR-CUSHION  TIRES 


Problems  Involved  in  Shoeing  a  Car  with  Low-Pressure 

A  i  r 

Despite  the  fact  that  the  session  held  on  the  evening  of 
June  20,  1923,  had  to  do  with  the  subject  of  low  pressure, 
it  was  decidedly  a  high-pressure  meeting  that  attracted 
members  and  guests  enough  to  more  than  (ill  the  grand  ball- 
room of  the  spacious  Essex  and  Sussex  Hotel,  and  late 
comers  had  perforce  to  be  satisfied  with  being  spilled  over 
to  the  adjoining  verandas  to  peer  through  the  doorways 
and  French  windows  and  hear  the  speakers  as  best  they 
might.  As  a  guarantee  of  smooth  operation  on  low-pressure 
atmospheric  conditions  at  high-pressure  and  great  speed, 
Thomas  J.  Litle,  .Jr.,  was  chairman  and,  following  his 
opening  remarks,  he  introduced  the  speaker  of  the  evening, 
James  E.  Hale,  of  the  Firestone  Tire  &  Rubber  Co.,  who 
nted  his  paper  entitled  "Shooing  a  Car  with  Low- 
ire  Air."  The  paper  is  printed  in  full  in  th: 
Tiik  Jot  final,  but  an  outline  is  included  herewith  to  fur- 
ther a  better  understanding  of  the  prominent  points  de- 
veloped  by   the   discussion   that   followed   its   delivery. 

Mr.  Hale  described  the  results  of  a  deliberate  attempt  to 

make  motor  vehicle!    ride  on   air  that  is  at  a  low  pressure, 

ign  the  use  of  an  air-cushion  tire  having  greater  carcass 

bility   than    is    usual   and   by  enlarging   the   size   of   the 

tire  o    as    to    provide    a    greater    area    of    contact 

od    the   pavement.     The   goal  tried  for 

was  to   ir  ie  ana   of  contact  sufficiently  so  that  air 

urea   ranging   from   20  to  35  lb.   per  sq.   in.   could  be 

employed  in  actual  practice. 

The    aut  mentioned    the    fundamental    conditions 

and  this  consideration  was  followed  by  statements  as  to 
what  advantages  the  air-cushion  tires  containing  air  at 
low    pressure   give   to   a   car.      The    effects   on   car   operation 

presented    at   some   length,    inclusive   of   consecration 
regarding   car   speed,  -Inlity,   front-wheel    shimmy, 

ion,    braking    control,    blow-outs,    punctures,    side-sway 
and  other  factor'-  of  ir 
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Durability  and  tire  cost  were  treated  in  some  detail, 
specific  applications  of  air-cushion  tires  to  automobiles  were 
considered  and  a  discussion  of  their  desirability  was  in- 
vited. In  conclusion,  recommendations  were  made  for  a 
new  tire-size  nomenclature,  in  regard  to  oversizing  and  to 
tire-deflection  limitation;  and  specific  tire-size  recommenda- 
tions for  air-cushion  tires  on  stated  makes  of  car  were 
advocated. 

Bumping  the  Bumps 

In  addition  to  the  numerous  lantern-slide  illustrations, 
ultra-rapid  motion-pictures  were  shown  that  slowed  down 
the  movements  of  two  cars  filled  with  passengers,  one  car 
being  equipped  with  high-pressure  pneumatic  tires  and  the 
other  with  low-pressure  air-cushion  tires,  so  that  compari- 
sons as  to  their  smooth-riding  qualities  over  bad  pavements 
were  plainly,  and,  as  shown  by  the  jouncing  of  the  pas- 
sengers, sometimes  laughably  evident.  The  greater  smooth- 
ness of  car  travel  shown  by  the  machine  equipped  with 
air-cushion  tires,  when  operating  over  seriously  bad  pave- 
ment, was  thus  demonstrated. 

System  Applied  to  Discussion 

The  advantages  of  creating  discussion  by  distributing 
cards  throughout  the  audience  upon  which  members  write 
their  questions  and  sign  their  names,  as  was  done  at  a 
recent  meeting  in  Detroit,  were  again  demonstrated.  The 
cards,  after  being  collected,  are  presented  to  the  chairman, 
who  reads  the  questions  in  turn  and  requests  an  immediate 
answer  from  the  author.  In  this  manner  a  far  greater 
number  of  questions  can  be  asked  and  answered,  the  ques- 
tions are  stated  more  clearly  and  the  subject  is  thereby 
given  a  discussion  that  is  much  more  thorough  and  general. 
Chairman  Litle  stated  his  hope  that  this  system  of  discus- 
sion will  be  adopted  generally  by  the  Sections  of  the  Society 
when  holding  future  meetings. 

The  Questions  and  Answers 

An  outline  of  the  queries  of  major  importance  is  stated 
now  by  giving,  in  general  terms,  Mr.  Hale's  answers,  the 
character  of  the  query  being  implied  rather  than  quoted 
verbatim.  Mr.  Hale  said  that  the  side  walls  of  the  7.30-in. 
tire  would  not  roll  over  onto  the  road  when  under  a  heavy 
car  if  the  air  inflation-pressure  is  high  enough,  and  that  the 
air-cushion  tire  resists  "curb  scraping"  of  its  side  walls 
better  than  the  high-pressure  pneumatic  tire  does.  The 
suggestion  of  using  the  term  "super-pneumatic"  in  place 
of  "air-cushion"  as  a  descriptive  term  it  was  thought  by  Mr. 
Hale  should  be  referred  to  the  Nomenclature  Division  of  the 
Standards  Committee.  The  running  temperature  of  the  air- 
cushion  tire  was  said  to  be  low,  and  that  they  hold  their 
pressure  better  than  high-pressure  pneumatic  tires  do.  He 
thought  the  provision  of  grooved  treads  for  the  air-cushion 
tire  looks  promising,  but  said  that  nothing  had  yet  been 
done  regarding  the  matter  and  that  no  tests  of  their  ap- 
plication to  passenger  buses  had  been  made.  He  said  also 
that  the  comparative  tests  made  of  the  air-cushion  tires  on 
taxicabs,  referred  to  in  the  paper,  were  under  identical 
weather  conditions  in  April,  1923,  while  the  taxicabs  were 
running  side  by  side.  The  query  regarding  vulnerability  to 
punctures  of  the  air-cushion  tire  was  referred  to  the  state- 
ments made  in  the  paper,  and  it  was  said  regarding  how 
many  air-cushion  tires  had  been  run  to  destruction  that 
this  information  would  be  made  available  later. 

The  use  of  snubbers  was  said  to  be  necessary  when  using 
air-cushion  tires  because  of  the  excessive  rebound  they  give 
to  the  springs,  and  the  effect  of  deep  ruts  on  the  side  walls 
was  stated  to  be  practically  the  same  as  for  high-pressure 
pneumatic  tires.  The  dust  and  stone-throwing  ability  of  the 
air-cushion  tires  was  acknowledged.  An  answer  to  the  ques- 
tion as  to  the  relative  volume  and  weight  of  air  in  the  air- 
cushion  and  in  the  high-pressure  pneumatic  tires  was  de- 
ferred. 

Opinions  From  Others  Who  Were  Present 

Since  so  much  time  had  been  gained  through  using  the  ques- 
tion cards,  time  was  yet  available  for  further  expressions  of 


J.  E.  Hale 


T.  J.  Litle.  Jr. 


opinion,  and  Chairman  Litle  therefore  called  upon  repre- 
sentative members  of  the  audience,  by  name,  for  critical 
comment.  The  representative  of  the  Ross  Gear  &  Tool  Co., 
Lafayette,  Ind.,  Mr.  Chandler,  referred  to  the  engineering 
study  of  the  subject  his  company  has  been  making  and  said 
it  had  succeeded  in  producing  a  gear  for  use  with  air- 
cushion  tire-equipment  that  is  satisfactory.  He  considers 
the  use  of  these  tires  as  being  involved  with  factors  relating 
to  steering,  drag  linkage,  springs  and  the  like. 

Charles  L.  Nedoma,  of  the  Cadillac  Motor  Car  Co.,  De- 
troit, said  that  he  had  found  the  steering  to  be  more  diffi- 
cult and  that  the  liability  to  punctures  of  air-cushion  tires 
was  greater,  citing  his  knowledge  of  an  instance  of  six 
punctures  of  such  a  tire  within  8500  miles  of  travel.  Ernest 
Wooler,  of  the  Cleveland  Automobile  Co.,  emphasized  what 
Mr.  Hale  had  said  regarding  skidding;  he  drove  to  the  meet- 
ing in  a  car  equipped  with  air-cushion  tires  and  reported 
having  made  faster  average  time  than  did  his  companions 
who  drove  cars  having  ordinary  pneumatic  tires. 

The  statement  was  made  by  P.  W.  Litchfield,  of  the  Good- 
year Tire  &  Rubber  Co.,  Akron,  Ohio,  that  tire  makers  had 
been  trying  for  a  long  time  to  persuade  automobile  builders 
to  use  tires  of  larger  cross-section  and  lower  air-pressure. 
It  is  a  very  delicate  question,  in  his  opinion,  as  to  how  far 
to  go  in  this  direction.  He  believes  that  tire  rims  should  be 
made  wider  than  recommended  by  Mr.  Hale,  and  spoke  of 
increased  "shimmy"  and  steering  difficulties  when  tire  rims 
are  too  narrow.  He  mentioned  a  5-in.  rim  for  a  6-in.  tire 
as  constituting  good  super-pneumatic  tire  equipment,  with 
an  inflation  pressure  of  about  26  lb.  per  sq.  in.  He  cautioned 
tire  makers  that  they  must  not  get  tire  walls  too  thin,  and 
said  that  great  attention  must  be  paid  to  attaining  lateral 
stability. 

Mr.  Litchfield  believes  that  there  always  will  be  times 
when  conditions  will  demand  "oversizing";  that  is,  a  larger 
size  of  tire  than  is  normal  for  a  given  equipment.  Also,  be- 
cause of  variations  in  wheel  diameters  and  the  like,  tire  sizes 
should  be  specified  only  in  nominal  terms  such  as  5-in.,  6-in. 
and  the  like. 

The  representative  of  the  United  States  Rubber  Co.,  Hart- 
ford, Conn.,  S.  P.  Thacher,  agreed  mainly  with  Mr.  Hale's 
statements  but  took  exception  to  those  referring  to  punctures 
and  to  power  consumption.  He  favored  a  middle  course  with 
regard  to  cross-section  and  air  pressures  and  said  that,  with 
"balloon"  or  air-cushion  tires,  the  effect  on  the  steering 
ability  is  bad  because  the  wheel  itself  turns  before  the  tire 
turns  with  it;  that  is,  the  wheel  turns  to  the  right  or  left, 
inside  the  tire,  before  the  tire  can  follow  it.  He  fears  that 
the  tire  carcass  may  be  made  too  thin,  and  said  that  he 
would  be  afraid  to  ride  at  60  m.p.h.  on  tires  having  thin 
walls. 

W.  H.  Allen,  of  the  B.  F.  Goodrich  Co.,  Akron,  Ohio,  be- 
lieves the  tire  itself  to  be  but  a  small  portion  of  the  problem 
and  thinks  that  the  other  engineering  factors  involved  con- 
stitute the  greater  difficulties.    C.  L.  Moody,  of  the  Fisk  Rub- 
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being  eventual 

:iore  than  usual  spirit  of  interest  pervaded  this  evening 
session  ax  (  a  prominent  member  who  is  best 
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imping,   rhrowing  and  Other  Events   real  vkill 

..I'  Members  .it  Spring  Lake 

The  Annual  Society  Field  Day  at  Spring  Lake  brought  out 
many  fan  s  and  some  few  m  Engineer  ath- 

I  in  jumps,  sprints  and  general  mus- 
cular .vith  hopes  of  collecting  a  share  of  the  hand- 
some pn.  -taged  on  the  spacious 
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tt  BO  happens  that  the  lawn  at  Spring  Lake  is  kept  in 
greenish  hue  by  ■  system  of  concealed  sprinklers.  After 
Seld  contests  had  been  completed,  the  contestants  wen 
invited  into  the  area  of  activity  of  these  very  efficient  irri- 
gators for  the  supposed  purpose  of  receiving  instructions 
from  the  officials.  When  all  were  watching  the  field  director 
attentively,  the  pent-up  activity  of  the  sprinkling  system  was 
released  with  results  that  satisfied  the  humorous  qualities 
of  the  gallery  but  that  had  a  dampening  effect  on  the  spirits 
of  the  competing  athletes.    Thus  ended  the  192:1  Field  Day. 


SI  <  TIONS  ROl  M)  FABLE  AT  SPRING  LAKI 


Attendance,  Collection  of  Dues  and  Local  Membership 

Most      |)|-lll"lll       lllpK- 

Representatives  from  nine  of  the  eleven  Sections  met  with 
the  Sections  Committee  and  members  of  the  staff  interested 
in  Sections  administration  for  the  Sections  Luncheon  at 
Spring  Lake.  President  Alden  assured  the  Sections  rep- 
■  tatives  that  the  Council  stands  squarely  behind  any 
constructive  work  of  the  Sections,  since  the  life  of  the 
Society  is  measured  by  their  activities.  Assistant  General 
Manager  Hill  reminded  the  Sections  officers  that  they  are 
in  the  show  business  and  that,  like  other  showmen,  they 
must  choose  topics  interesting  to  their  audiences,  book 
i  era   well    in    advance,   advertise   at  least   a   week  ahead 


■  v5 

Lamm                 ^P^fcaV     Hk    * 

J 

*f*u*v 

As 

V   t> 

"^"^^ 

■                      H   -4__ 

ak\ 

I          ^ 

.  I 

II   W  Slav  Hugh  Corse       0  ei        George  T.  Brlgg~s 

sotio 


in    notices    with    a    strong   sales    appeal,   stage    the   meetings 
effectively,  begin  on  time  and  end  promptly. 

Each  Si  ented   contributed  its  experience  for 

tin-  benefit  of  tin-  oth  Cli  /eland  believes  that  a  Section 

rve    all    Society    members    in    its    territory,    whether 

member-    of    tl  ■.    or    not.      The    Dayton    Section    has 

able   i"  cooperati  with   the  Dayton  En- 

•  ring  Society  at  a  lower  cost  than  it  could  work  alone. 

The  Indiana   Section  plans  to  maintain  the  interest  already 

urn,;'    good      peakei      in    advance.      National 

meeting     offer   excellent  opportunities. 


Vol.  XIII 


July,  1923 


No.  1 


SOCIETY  MEETINGS 


69 


To  make  meetings  more  useful  to  those  present,  the  De- 
troit Section  plans  to  have  its  committee  members  seated 
together  and  tagged  so  that  inquiries  and  suggestions  will 
not  go  astray.  Written  questions  for  discussion  of  papers 
at  meetings,  in  place  of  questions  from  the  floor,  save 
time  and  improve  the  type  of  questions  asked.  This  Sec- 
tion went  on  record  as  favoring  a  contributing,  purely  local 
membership  in  the  Section  for  men  interested  in  the  meet- 
ings, although  not  eligible  for  Society  and  Section  member- 
ship. 

The  Metropolitan  Section,  serving  a  big  membership  with 
diverse  interests,  approves  the  suggestion  that  arrange- 
ments be  made  for  "Section  associates."  The  program  for 
the  coming  year  will  cover  operating  problems.  This 
diversity  of  interests  and  the  wide  area  served  by  the  Mid- 
West  Section  limit  attendance  at  purely  technical  meetings. 
It  is  planned,  therefore,  to  provide  a  year's  program  of 
three  general,  three  technical  and  three  special  meetings 
to  be  addressed  by  prominent  and  popular  speakers.  Mid- 
West  feels  that  while  a  general  §5  increase  in  Society  dues 
would  limit  Section  membership  and  attendance  at  meet- 
ings, a  $3  increase  would  be  beneficial,  if  Section  dues  were 
omitted. 

The  Minneapolis  Section  finds  that  its  distance  from  auto- 
motive centers  makes  securing  speakers  difficult.  At- 
tendance is  another  serious  problem.  The  Pennsylvania 
Section  also  suffers  from  a  diversity  of  industries  in  the 
large  area  served.  Attendance  at  meetings  is  the  chief  dif- 
ficulty faced,  but  joint  meetings  with  other  organizations 
have  not  been  a  satisfactory  solution.  Pennsylvania  also 
approves  some  form  of  separate  local  membership  in  the 
Sections.  The  Washington  Section,  although  situated  in  a 
difficult  territory,  believes  that  with  staff  assistance,  it  will 
be  able  to  succeed. 

Discussing  the  question  of  Section  dues,  President  Alden 
emphasized  the  fact  that  increased  Society  dues  in  place  of 
Section  dues  would  be  unfair  to  the  more  than  50  per  cent 
of  the  membership  who  live  outside  territory  which  can  be 
effectively  served  by  the  Sections.  C.  T.  Myers  suggested 
that  dues  be  increased  only  for  members  living  in  Section 
territory  as  prescribed  by  the  Council.  George  T.  Briggs 
and  Chairman  Slauson  believe  the  solution  of  increased 
interest  in  Section  membership  with  consequent  increase 
in  dues  paid,  lies  in  securing  A-l  papers  and  selling  the 
value  of  Section  membership  intensively. 

The  roll  of  those  present  included 


Herbert  W.  Alden 
O.  C.  Berry 
George  T.  Briggs 
F.  F.  Chandler 
Edward  L.  Clark 
Coker  F.  Clarkson 
Hugh  R.  Corse 
T.  F.  Cullen 
H.  E.  Figgie 
A.  W.   S.   Herrington 
C.  E.  Heywood 
L.  Clayton  Hill 

Conrad 


Lester  S.  Keilholtz 
William  E.  Kemp 
T.  J.  Litle,  Jr. 
George  L.  McCain 
H.  O.  K.  Meister 
Taliaferro  Milton 
C.  T.  Myers 
Phil  N.  Overman 
O.  A.  Parker 
Harold  W.  Slauson 
C.  B.  Veal 
C.  S.  Whitney 
H.  Young 


MEMBERS  ARE  KEEN  SHARPSHOOTERS 


Clay  Pigeons  Suffer  Many  Casualties  as  Shells  Burst  at 
Spring  Lake  Meeting 

The  clear  blue  sky  above  the  Atlantic's  restless  surface 
formed  an  excellent  background  for  the  trapshooters  to  sight 
against  at  the  Summer  Meeting.  The  traps  were  set  up  on 
the  beach  directly  in  front  of  the  two  hotels  and  each  day's 
shoot  was  watched  by  a  large  gallery  of  members.  Many 
novices  tried  their  luck  with  the  double  barrel  and  left  the 
meeting  as  ardent  clay  bird  spotters.  A  shoot  was  held  each 
day  and  the  finals  were  shot  on  Friday,  with  handicaps  given 
the  lesser  lights  based  on  their  previous  days'  scores. 


W.  H.  Miller  broke  48  targets  on  Tuesday  and  took  the 
prize  for  that  day.  R.  S.  Ellis  won  the  Wednesday  shoot 
with  a  perfect  50.  The  Thursday  event  was  taken  by  H.  P. 
Hobart,  his  handicap  helping  him  to  nose  out  Ellis.  The 
championship  shoot  on  Friday  gave  W.  H.  Miller  a  deserved 
medal,  for  he  shot  a  perfect  score  of  50  from  scratch.  Ellis 
was  second  with  49  from  scratch  and  Lon  Smith  took  third 
credit  with  47. 


STANDARD  HEAD-LAMP  ILLUMLNATION 


Automotive    and    Illuminating    Engineers    and    Legis- 
lators Discuss  Common  Problems 

Indications  point  to  a  tendency  on  the  part  of  State  legis- 
lators to  reconcile  their  laws  applying  to  head-lamp  illumina- 
tion in  such  a  way  as  to  approach  a  reasonable  degree  of 
uniformity.  The  automotive  manufacturer  feels  that  head- 
lamp legislation  is  reasonable  and  just  and  is  prepared  to 
equip  his  vehicles  so  as  to  conform  to  these  laws.  In  the 
few  years  that  have  elapsed  since  the  Lighting  Division  of 
the  Society's  Standards  Committee  and  the  Society  of  Illumi- 
nating Engineers  began  their  study  of  the  head-lamp  problem 
so  much  progress  has  been  made  that  the  only  important 
task  that  remains  is  the  education  of  the  car  builder  and  user 
in  the  essential  facts  brought  out  by  the  study  of  the  problem. 
Representatives  of  the  automotive  industry,  the  State  Legis- 


Dr.  C.  H.    Sharp 


R.  N.  Falge 


lature  of  New  Jersey  and  the  illuminating  engineers  all  gave 
their  views  on  lighting  problems  at  the  Head-Lamp  Session 
on  Thursday  evening,  June  21,  at  Spring  Lake.  The  session 
was  followed  by  a  demonstration  of  head-lamp  illumination, 
accompanying  a  short  paper,  staged  by  members  of  the  Nela 
Park  Research  Laboratories'  staff  of  the  General  Electric 
Co.  This  demonstration  illustrated  methods  of  measuring 
glare  and  of  determining  lens  effectiveness. 

Illuminating  Engineers  Give  Interesting  Papers 

B.  B.  Bachman,  who  presided  at  the  meeting,  introduced 
R.  N.  Falge  of  Nela  Park  who  read  his  paper  entitled  Im- 
portance of  Better  Automobile  Head-Lamps  and  Proper  Ad- 
justment, which  will  be  found  elsewhere  in  this  issue.  Dr. 
C.  H.  Sharp  made  an  address  in  which  he  gave  a  short 
historical  review  of  the  progress  made  in  head-lamp  stand- 
ardization. Within  the  past  year  testing  specifications  for 
the  approval  of  road  lighting  devices  were  formulated  by  the 
Lighting  Division  of  the  Society's  Standards  Committee  in 
cooperation  with  the  Society  of  Illuminating  Engineers  and 
had  been  submitted  to  State  officials  for  their  guidance. 
These  specifications  were  approved  by  several  States  which 
agreed  recently  to  approve  only  such  devices  as  conformed  to 
these  specifications. 

The  testing  specifications,  as  outlined  at  first,  were  very 
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Thr  ommissioner   of    the   Stute    of    New 

Jersey  was  repre?.  Shanley,  who  described 

the  pioneer  work  done  by  his  State  in  eliminating  the  glare 
dan?  Jersey  took  action  in  1922  to  adopt  the  reeom- 
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and  found  them  most  efl  In  expressing  the  So< ■:■ 

e  cooperation  they  had   received  from  the 
-ey   legislative   authorities    in    the   difficult   task    of 
han>:  ting    problem,    Mr.    Bachman    called 

upon  Alfred  1.  neral  manager  of  the  National  Auto- 

mobile Chamber  of  Commerce,  to  act  as  spokesman  for  the 
automobile  companies. 

Reeves  (  I  be  automotive  manufacturer  was  well 

the  State  legislation  regarding  head-lamps 
and  was  anxious  to  cooperate  to  the  best  of  his  ability  by 
lea  in  such  a  way  as  to  conform  to  the 
requirements.  It  would  be  of  great  assistance,  however,  if 
he  could  be  given  time  to  adjust  himself  and  his  product  to 
the  rapid  changes  in  legislative  requirements.  The  fact  that 
State  Legislatures  now  differed  so  widely  in  their  require- 
ments did  not  tend  to  make  the  automobile  builder's  ta.-k 
any  easier,  but  the  tendency  toward  uniform  requirement  - 
that  Dr.  Sharp  predicted  was  a  very  hopeful  sign.  He 
would  suggest  that  the  States  prepare  a  formula  and  allow 
the  manufacturer  to  make  his  product  in  such  a  way  as  to 
conform  to  this  requirement.  He  would  also  suggest  supple- 
menting this  requirement  of  a  formula  by  providing  for  some 
form  of  inspection   in  every  Stat 

'ion  that  followed,  A.  D.  T.  Libby  asked  for 
to  the  most  effective  lens  or  lighting  device 
on    tbe    market    at    the    present    time.      The    question    was 
answered  lenden,  of  the  Bureau  of  Stand 

who  was  of  tl  that  it  is  impossible  to  characterize 
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portant phase  of  the  required  educational  work  would  be 
•.plished. 
The  present  practice  of  dimming  head-lamps  when  passing 
or  meeting  another  vehicle  on  a  badly  illuminated  road  was 
referred  to  by  II.  M.  Crane  who  asked  Doctor  Sharp  and  .Mr. 
Shanley  for  an  opinion  regarding  the  use  of  properly  ad- 
justed head-lamps  on  such  roads.  He  felt  with  many  other 
engineers  that  the  dimming  practice  left  the  driver  too  un- 
ited and  asked  for  information  on  the  legislative  atti- 
tude on  this  point.  Mr.  Shanley  said  in  reply  that  there  was 
no  obligation  on  the  part  of  the  driver  to  dim  his  head-lamps 
here  in  New  Jersey  and  that  there  should  be  no  necessity 
for  dimming  provided  a  proper  device  were  used.  Following 
out  this  idea.  Prof.  R.  C.  Gowdy,  of  the  University  of  Cin- 
cinnati, gave  a  review  of  the  road  and  laboratory  tests  made 
by  him  recently  which  brought  out  the  importance  of  ditch 
illumination  and  the  necessity  for  smoothness  of  lighting. 
He  considered  the  problem  of  head-lamp  illumination  a  very 
important  refinement  and  one  that  closely  concerned  the  auto- 
motive engineer.  Much  difficulty  had  been  experienced  with 
aiming  and  focusing  light  but  it  was  felt  that  this  no  longer 
presented  any  serious  difficulties.  The  session  was  followed 
by  a  most  interesting  verbal  and  optical  demonstration  of 
head-lamp  devices  and  their  operation  by  R.  N.  Falge  and 
\V.  C.  Brown. 


HORSESHOE  FLINGERS  HAVE  INNINGS 


The  presence  of  horseshoes  at  a  meeting  of  automotive 
engineers  does  not  seem  to  be  fitting.  However,  due  largely 
to  the  enthusiasm  of  A.  D.  T.  Libby,  this  equipment  was 
gathered  together  for  a  large  group  of  slingers  who  tried  to 
outdo  one  another  as  peg-ringers.  A  surprising  amount  of 
interest  was  shown  in  this  time-worn  pastime  and  one  had 
to  be  clever  to  finish  among  the  winners.  H.  N.  Parsons 
proved  to  have  the  best  eye.  W.  L.  McGrath  was  second, 
and  Booster  Libby,  who  staged  and  ran  the  fracas,  had  to  be 
contented   with   third. 


I ■■<>!  R-WHEEI,   RR  \KES 


For    I  sac 


!>\    the   General   Public,  Arc   They   to   Be 
or  Not  to  Be? 


The  morning  session  held  June  21  at  Spring  Lake,  N.  J., 
was  devoted  to  lengthy  consideration  of  the  problems  in- 
volved when  brakes  are  applied  to  all  four  wheels  of  a  car. 
President  H.  W.  Alden  was  chairman,  and  a  very  repre- 
sentative audience  of  several  hundred  members  and  guests 
was  assembled.  In  his  introductory  remarks,  Chairman 
Alden  said  that  the  devotion  of  this  session  to  the  subject  of 
four-wheel  brakes  had  been  decided  upon  only  after  due 
deliberation,  and  that  the  opening-up  of  this  subject  at  this 
time  had  been  voted  opportune,  although  some  comment  had 
made  to  the  effect  that  it  was  premature. 

The  first  paper  presented  was  by  Alvin  M.  Yocom,  chief 
engineer  of  the  U.  S.  Axl  eCo.,  Pottstown,  Pa.,  its  title  being 
Mechanical  Braking  on  Four  Wheels  as  a  Present  Automo- 
tive Necessity.  The  author  stated  that,  when  used  in  con- 
junction with  the  braking  effect  of  the  engine,  two-wheel 
brakes  work  well  in  retarding  a  car  on  long  or  heavy  grades 
hut  that,  for  emergency  stops,  by  far  the  most  frequent,  two- 
wheel  brakes  do  not  give  a  driver  the  positive  control  of  the 
vehicle  and  the  sense  of  security  that  are  imparted  by  the 
retarding   effect    of   braking  on    four   wheels. 

The  mechanical  four-wheel  braking  system  manufactured 
by  the  company  the  author  represents  was  described  and 
illustrated  by  lantern  slides,  the  claim  being  made  that 
the  front-wheel  portion  of  the  system  can  be  connected  and 
equalized  with  any  of  the  present-day  rear-axle  or  trans- 
mission brakes  without  discarding  any  of  the  rear-axle  or 
transmission  brake-material.  The  equalization  of  brakes 
was  discussed  in  some  detail  by  the  author,  inclusive  of 
foreign  practice,  and  other  features  such  as  "fight"  in  the 
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brake-pedal,  the  mounting  of  the  steering-arms  and  the  dis- 
tribution of  brake-shoe  pressure  to  prevent  chattering  and 
"grabbing"  were  treated  at  some  length. 

The  paper  by  Marcel  Guillelmon,  vice-president  of  the 
Renault  selling  branch,  New  York  City,  was  descriptive  of 
the  mechanical  four-wheel  braking-system  of  the  Renault 
car.  The  advantages  of  its  servo-brake  mechanism  in  regard 
to  braking  power,  smoothness  of  operation  and  adequate 
car  control  were  set  forth,  and  the  lantern  slides  illustrating 
its  principles  were  explained. 

The  author  stated  that  the  high  car-speed  demanded  by 
present-day  drivers  of  automobiles  also  demands  braking 
systems  that  more  adequately  overcome  the  effects  of  such 
increased  momentum  than  is  possible  with  ordinary  brakes 
applied  only  to  the  rear  wheels.  Since,  at  the  time  the  brakes 
are  applied,  the  greater  part  of  the  weight  of  the  car  is 
thrown  upon  the  front  axle  and  the  front  wheels,  he  believes 
it  imperative  that  brakes  be  applied  also  to  the  front  wheels, 
and  that  at  car  speeds  of  more  than  40  m.p.h.  it  is  unsafe  to 


chief  engineer  of  the  Four  Wheel  Hydraulic  Brake  Cor- 
poration, Detroit,  was  prevented  from  being  present  at  this 
session  and  so  did  not  present  his  paper  descriptive  of  the 
four-wheel  braking-system  actuated  by  hydraulic  pressure 
that  is  manufactured  by  the  company  he  represents.  How- 
ever, the  paper  was  presented  at  the  May  17  meeting  of  the 
Detroit  Section,  and  a  rather  detailed  summary  of  it  was 
printed  in  the  June,  1923,  issue  of  The  Journal  on  p.  611. 

Opinions  For  and  Against  Four-Wheel  Brakes 

Following  the  call  by  Chairman  Alden  for  discussion  of 
the  subject  after  the  presentation  of  the  papers,  Charles  L. 
Sheppy,  chief  engineer  of  the  Pierce-Arrow  Motor  Car  Co., 
Buffalo,  said  that  tests  and  research  work  over  a  consider- 
able period  of  time  have  shown  his  company  that  the  ap- 
plication of  front-wheel  brakes  to  the  average  car  of  today 
cannot  be  considered  safe.  He  stated  that  if  the  front- 
wheel  brake  has  to  be  considered  seriously  for  regular  pro- 
duction, the  following  items   should  have  serious  considera- 


Malcolm   Loughead  Charles  L.   Sheppy  Marcel  Guillelmon  Alvin   M.  Tocom 

The  Authors  of  the  Three  Papers  Presented  at  the  Four-Wheel  Brake  Session  and  a  Prominent  Figure  in  the  Discussion 


attempt  to  stop  a  car  quickly  if  it  is  equipped  only  with 
ordinary  rear-wheel  brr.kes. 

M.  Guillelmon  said  that  the  editor  of  Omnia,  Paris. 
France,  showed  very  positively  in  1921  that  front-wheel 
brakes  will  prevent  skidding,  and  gave  a  demonstration  of 
this,  using  a  toy  automobile  on  an  inclined  plane  that  rep- 
resented a  steep  grade.  When  the  rear  wheels  of  this  little 
car  were  locked,  the  car  ran  down  the  incline  and  its  rear 
wheels  skidded  slowly  through  a  semi-circle  until,  at  the 
bottom  of  the  incline,  they  occupied  the  position  that  the 
front  wheels  had  originally.  When  the  front  wheels  were 
locked  and  the  rear  wheels  were  free  to  turn,  the  car  descend- 
ed the  incline  slowly  without  skidding  around.  The  author 
stated  that  this  demonstration  can  be  made  also  with  a  full- 
size  car  that  is  equipped  with  brakes  on  all  four  wheels  and 
that,  if  the  brakes  on  all  of  its  four  wheels  are  applied 
simultaneously,  the  car  will  stop  without  any  lateral  skidding. 

It  is  M.  Guillelmon's  experience  that  with  the  more  per- 
fect car  control  attained  by  using  brakes  on  all  four  wheels 
that  are  actuated  by  a  servo-brake,  it  is  safer  to  travel  at 
high  speed  and,  therefore,  the  average  speed  of  car-travel 
that  can  be  maintained  is  very  much  greater;  further,  that 
this  braking  system  is  also  of  great  advantage  in  city  travel 
through  congested  traffic,  which  necessitates  continual  quick 
stopping.  He  said  that  after  one  has  become  accustomed 
to  the  use  of  four-wheel  brakes  on  a  car,  to  ride  in  a  car 
equipped  only  with  ordinary  rear-wheel  brakes  gives  one 
the  same  feeling  of  uncertainty  and  danger  that  would  be 
felt  if  one  were  to  ride  on  a  railroad  train  at  express  speed 
and  knew  that  the  train  was  not  equipped  with  airbrakes  on 
all  its  wheels. 

Owing  to   a   most  unfortunate   delay,   Malcolm   Loughead, 


tion  so  that  the  application  of  front-wheel  brakes  will  pro- 
vide additional  safety  to  the  vehicle  and  not  a  menace. 

(1)  The  front  axle  should  be  designed  to  withstand  the 
torque  due  to  front-wheel  brakes 

(2)  Front  springs  should  be  of  liberal  width,  should 
have  an  extra  top  leaf  under  tension,  should  have  a 
center  bolt  to  dowel  into  the  axle,  should  be  well 
supplied  with  rebound  clips,  should  have  the  small- 
est possible  arch  under  load  and  preferably  a 
straight  arch  under  load 

(3)  Spring  bolts,  spring  clips  and  shackles  should  be 
of  liberal  size  and  of  first-class  material 

(4)  The  cross  coupling  steering-rod  should  be  straight, 
if  possible,  and,  where  spring-backed  ball  sockets 
are  used,  they  should  have  a  very  limited  amount 
of  travel,  preferably  none 

(5)  The  steering-pivot  axle  should  have  liberal  bearing 
surfaces  and  be  of  such  design  as  to  withstand  the 
additional  stresses  imposed  by  the  use  of  front- 
wheel  brakes.  The  steering  levers  should  be  kept 
as  straight  as  possible  and  be  of  liberal  sections 
and  first-class  material 

(6)  Bearings  of  sufficient  capacity  should  be  selected. 
The  additional  stresses  on  the  front  steering  axles 
require  serious  consideration  as  to  the  loads  im- 
posed on  front-wheel  bearings 

(7)  The  steering-gear  operation  should  not  affect  the 
operation  of  the  brakes,  and  the  operation  of  the 
brakes  should  not  affect  the  steering-gear  operation 
in  any  way 
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public,  and  voiced  his  belief  that  the  industry  should  not 
allow  itself  to  be  rushed  into  four-wheel-brake  production. 
lie  thinks  that  the  industry  should  allow  itself  ample  time 
to  work  out  nil  the  problems  and  thus  make  sure  that  when 
cars  having  four-wheel  brakes  are  put  on  the  market  they 
will  be  as  nearly  perfect  as  engineering  skill  will  permit.  \l\> 
■.-  fox  advocating  caution  were  stated  in  too  great 
detail  for  re  product  ion  here,  but  it  is  expected  that  they 
will  be  printed  verbatim  in  a  later  issue  of  The  Journal. 
He  also  rehearsed  the  possibilities  of  the  transmission 
brake,  and  made  pertinent  comment  on  other  important  (ac- 
tors relating  to  the  general  subject  of  braking. 

Chairman  Alden  said  thai  the  company  he  represents,  the 
Timken-Detroit  Axle  Co..  Detroit,  is  working  on  the  four- 
wheel  brake  problem.  C.  T.  Myers,  consulting  engineer, 
Rahway,  N.  J.,  stated  his  agreement,  in  general,  with  what 
Mr.  Crane  had  said.  W.  G.  Wall  said  that  the  die  is  already 
reral  makes  of  car  now  have  four  wheel  brakes. 
He  favored  these  brakes  but  mentioned  the  difficulties  of 
equalization  and  adjustment.  He  suggested  the  possibility 
that  some  other,  such  as  a  tubular,  section  may  become  neces- 
>;iry  in  place  of  the  usual  I-beam  section  for  front  axles, 
and  was  in  general  agreement  with  what  had  been  said 
regarding  difficulties  of  application.  Joseph  A.  Anglada 
was  in  general  agreement  with  what  Mr.  Wall  had  said. 
David  Beecroft  believes  the  subject  affords  the  industry  an 
opportunity,  in  that  the  automotive  engineer  should  say 
whether  four-wheel  brakes  are  suitable  for  public  usage, 
without  domination  or  influence  by  sales  considerations.  M. 
Cuillelmon,  replying  to  a  question,  estimated  that  75  per 
cent  of  European  cars  of  10  hp.  and  over  have  four-wheel 
brakes,  because  car  speeds  there  are  so  great. 

T.  J.  Litle,  Jr.,  thinks  that  four-wheel  brakes  must  come 
into  being  because  most  accidents  result  from  poor  brakes. 
IN  does  not  agree  that  they  must  have  servo-mechanism, 
favors  such  brakes  when  equipped  with  external  bands  and 
believes  four-wheel-brake  difficulties  are  mainly  those  of 
proper  equalization.  L.  H.  Pomeroy  discussed  the  theoreti- 
cal differences  between  external  and  internal  brakes;  he 
mentioned  the  varying  coefficients  of  friction  that  cause 
variations  in  the  power  of  the  wrapping  type  of  brake 
and  spoke  of  the  necessity  of  having  very  rigid  brake- 
drums  and  shoes  for  external  brakes.  He  thinks  the  four- 
I  brake  will  come  into  being  in  the  United  States  and 
that  automotive  engineers  should  believe  in  it  and  develop 
P.  W.  Litchfield  and  C.  M.  Manly  were  also  contributors 
of  di-  pertaining  to  engineering  aspects  of  the  subject. 

Following  this  session,  demonstrations  of  cars  equipped 
with  four-wheel  brakes  of  the  types  under  discussion  were 
made  on  the  parkway  in  front  of  the  Essex  and  Sussex 
Hotel;  members  and  guests  were  thus  given  opportunity  to 
ride  in  these  cars  and  make  comparisons  of  their  braking 
ability. 


Ml  IROPOLITAN  IS  CHAMPION  SECTION 


I  .ike-     [nter-Section    Trophy    for    the    Second    Con- 
secutive  War  at   Summer  Meeting 

Each   of   the   members   or   teams   winning   a   place   in   the 
•  -;  events  at  Spring  Lake  collected  a  specified  number  of 
<ich  were  credited  to  the  Section  he  or  she  repre- 
sented.    The   Section   scoring  the  greatest  point  total  was 
ired  the  champion  for  192::.     The  scheme  operates  much 
the    same    as    that    used    at    intercollegiate    track    and    field 
It    was  started  last  year  at  White  Sulphur  Springs 
and   promotes  good-natured  rivalry  between  the  Sections  of 
■•ty. 
When  all  the  athletic  battles  had  died  away,  it  was  found 
that  Metropolitan  Section  had  repeated  its  successful  effort 
of  11)22  and  had  won  the  cup  for  the  second  time.     This  was 
due  largely   to   the   New   York    monopoly   on   the  tennis   and 
ming  places,  although  some  points  were  picked  up  in  the 
other     sports.      The     Detroit  w     finished     second     and 

eland  was  third. 
The  prize  for  ability  as  an  all-round  athlete  went  to  Gor- 
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don  Brown  for  the  second  time.  His  prowess  as  a  water 
nymph  carried  him  to  the  peak  just  ahead  of  N.  G.  Shidle, 
the  tennis  champion,  and  I.  W.  Danforth,  the  golfer. 


FUEL-SESSION  PAPERS  AROUSE  INTEREST 


Lower  Mileage  in  Winter  with  Heavy  Fuels  and  Effect 
of  Spark  Advance  Discussed 

H.  M.  Crane,  chairman  of  the  Research  Committee,  opened 
the  Session  with  a  brief  statement  regarding  the  fuel- 
research  program  of  the  Society  and  introduced  S.  M.  Lee, 
who  presented  the  report  of  work  accomplished  at  the  Bureau 
of  Standards  since  the  Annual  Meeting.  This  report,  which 
is  published  elsewhere  in  this  issue,  includes  a  description 
of  a  series  of  road  tests  similar  to  those  reported  last  winter, 
but  less  comprehensive  in  their  scope  and  run  under  cold- 
weather  conditions  that  confirmed  the  results  obtained  in 
warm  weather.  The  author  also  gave  a  detailed  account 
of  the  methods  used  and  of  the  results  obtained  in  the  alti- 
tude chamber  where  conditions  of  air  and  jacket-water  tem- 
perature are  controlled  and  accurate  records  of  performance 
can  be  kept.  The  results  included  a  study  of  the  specific 
consumptions  of  the  test  fuels  under  all  conditions  of  steady 
running  as  regards  load  and  speed,  measurements  of  relative 
crankcase  dilution  with  the  different  fuels  and  a  brief  state- 
ment of  results  obtained  under  conditions  of  acceleration.  A 
further  study  of  the  latter  and  of  the  startling  characteristics 
of  the  fuels  is  to  follow. 

The  chairman,  in  commenting  on  the  paper,  explained  that 
after  the  beginning  of  this  research  project  about  a  year 
ago  it  was  found  necessary  to  educate  the  Steering  Committee 
to  the  necessity  of  giving  the  men  handling  the  details  of 
the  problem  a  free  hand  to  follow  out  the  lines  of  work  that 
offered  the  most  promise  rather  than  to  lay  down  a  rigid 
program  for  the  investigation.  In  the  beginning  the  Bureau 
of  Standards  had  been  hampered  by  the  rigidity  of  the 
program  first  specified,  but  for  the  last  few  months  it  had 
been  given  a  free  hand  to  investigate  the  particular  condi- 
tions of  operation  that  most  emphasize  the  differences  in 
performance  chargeable  to  variations  in  the  fuel.  The 
results  of  this  course  are  evident  in  the  work  accomplished, 
as   shown   in  the   report. 

Heavier   Fuels    Show   Lower    Mileage   and   Higher 
Crankcase  Dilution 

A  paper  by  Dr.  H.  C.  Dickinson  and  John  A.  C.  Warner 
entitled  Winter  Tests  Show  Lower  Mileage  on  Heavy  Fuels, 
which  was  read  at  the  Fuel  Session,  will  be  found  printed 
elsewhere  in  this  issue.  This  paper  gave  the  results  obtained 
by  the  fuel-consumption  an,d  crankcase-dilution  tests  run 
jointly  by  10  companies  in  cooperation  with  the  Research 
Department.  This  program,  which  was  substantially  a 
repetition  of  the  one  put  through  last  summer  and  reported 
at  the  1923  Annual  Meeting  by  V.  H.  Gottschalk,  included 
the  results  of  observations  on  a  total  of  about  57  cars,  cover- 
ing 226  car-weeks  of  running,  and  a  total  distance  of  over 
50,000  miles  of  running  under  normal  service  conditions. 

The  tests  showed  a  small  difference  in  fuel  consumption  be- 
tween the  different  fuels,  the  heavier  ones  giving  the  lower 
mileage;  a  decrease  of  nearly  20  per  cent  in  the  miles  per 
gallon  for  the  same  type  of  car,  as  compared  with  the  results 
of  the  summer  tests;  an  increase  in  crankcase  dilution  for 
the  heavier  fuels  as  compared  with  the  lighter  ones,  and  a 
decided  preference  on  the  part  of  drivers  for  the  fuels  having 
lower  temperatures  of  distillation  in  the  10  to  20-per  cent 
range  of  distillation,  independent  of  the  volatility  near  the 
end-point. 

In  commenting  on  this  paper  Mr.  Crane  called  special 
attention  to  the  marked  preference  of  the  drivers  for  the  fuels 
of  lower  initial  boiling  range  as  illustrating  how  readily  the 
average  driver  can  be  deceived  as  to  what  the  engine  really 
demands.  The  fuel  marked  Q],  which  has  the  lowest  end- 
point  and  is  undoubtedly  the  best  or  next-best  of  them  all 
so  far  as  the  engine  is  concerned,  was  third  in  order  of  choice 


of  the  drivers,  apparently  because  of  its  higher  initial  boil- 
ing range. 

Spark-Advance  in  Internal  Combustion  Engines 

G.  B.  Upton's  paper,  entitled  as  above,  was  read  by  the 
author,  who  showed  that  spark-timing  is  one  of  the  important 
elements  in  engine  performance,  which  has  received  less 
attention  than  it  deserves.  The  maximum  economy  of  opera- 
tion requires  that  the  ignition  should  occur  at  such  a  time 
that  the  pressure  rise  takes  place  one-half  before  the  dead 
center.  This  is  found  to  require  that  three-quarters  of  the 
total  explosion  time  shall  occur  before  dead  center. 

The  rate  of  burning  and  the  total  time  depend  upon  both 
the  speed  and  the  load  and  a  good  automatic  spark-control 
including  both  load  and  speed  could  increase  the  economy  of 
service  operation  by  as  much  as  from  5  to  10  per  cent.  Such 
a  device  is  practicable  and  should  be  less  difficult  of  realiza- 
tion than  correct  mixture  proportioning  by  the  carbureter. 
The  author  proceeded  with  a  study  of  the  existing  data  on 


S.    M.   Lee  Dr.  H.  C.  Dickinson 

Authors    of    the    Papers    Presented  at  the  Fuel  Session- 

flame  spread  and  deduced  general  conclusions  as  to  the 
factors  affecting  it. 

Professor  Upton  assumed  the  velocity  of  the  flame  spread 
to  be  proportional  to  the  time;  the  distance  is  then  as  the 
square  of  the  time.  The  assumption  is  for  a  typical  valve- 
in-head  combustion  chamber  from  which  the  following  con- 
clusion is  drawn:  the  volumetric  rate  of  burning  occurs  at 
about  three-quarters  of  the  total  time  of  burning.  The 
pressure  is  slow  at  first,  reaches  one-half  the  total  at  about 
three-quarters  of  the  time  and  drops  off  at  the  end. 
The  author  discussed  the  effect  of  turbulence,  concluding 
that  the  effect  is  to  produce  a  linear  increase  in  the  rate  of 
flame  progress.  Engine  speed  has  the  same  effect,  turbulence 
apparently  being  proportional  to  the   speed. 

The  effect  of  intake  suction  on  the  optimum  spark-advance 
was  shown  by  experiment  to  be  independent  of  the  speed. 
This  means  that  speed  and  suction  control  can  be  made 
independent.  The  speed  function,  or  the  effect  of  the  speed 
alone  on  the  spark-advance  was  deduced  from  experimental 
results.  Combining  these  two  results,  it  is  possible  to  de- 
duce a  turbulence  function  that  may  be  useful  in  studying 
the  turbulence  effects  of  different  cylinder  designs. 

The  intake-suction  effect  on  the  spark-advance  is  found  to 
depend  entirely  upon  the  dilution  of  the  charge,  and  it  is  the 
mass  dilution  that  is  the  controlling  factor.  An  experimental 
result  of  considerable  importance  in  the  series  of  tests  is, 
that  the  use  of  anti-knock  up  to  20  times  the  usual  amount 
does  not  affect  the  optimum  spark-advance. 

Valuable  Points  Brought  Out  in  the  Discussion 

In  throwing  the  session  open  for  discussion  of  the  three 
papers  Chairman  Crane  said  that  they  all  contained  so  much 
technical  data  that  all  should  receive  careful  study  to  bring 
out  the  real  points  covered.     Regarding  the  effects  of  spark- 
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R    K   Wilson  «nj  Thoni.;  Jr. 

at  the  Ft 

•he  point  that  the  mixture  is  usually 

loo  r  -     ind   low-power  range,   this   requiring 

•arlier   spark   than   would   a    normal    mixture    and 

■  r  decreasing  the  thermal  efficiency  already  lowered  at 

■  >ns  because   the   spark   is   not   advanced 

at  part  throttle. 
Ir.,  took  up  the  statement  by  the  author 
in  the  lav  f  the  paper  to  the  effect  that  the  spark- 

advance  r>  th  doped  fuels  is  the  same  as  with  normal 

fuels  and  stated  that  this  contradicts  the  theory  propounded 
m  that  anti-knock  substances  reduce  the  rate  of  flame 
prop.;.  He  said  that  the  amount  of  tetraethyl  lead  used 

by  Pr  was  not  abnormal;  that  for  this  amount 

•at  difference  in  spark-timing  should  be  noted  and  that 
he  would  attempt  to  secure  indicator-cards  to  show  exactly 
what  change  in  the  timing  is  produced  by  the  addition   of 
■:nock  substances. 
O.  C.  Berry  was  gratified  to  learn  that  his  own  conclusions 
as   to    the    importance    and    practicability   of    spark    control 
for   both    speed    and    load    were    confirmed    by    a    scientific 
He  described  at  some  length  a  spark  control  that 
he  developed  some  time  ago  embodying  these  two   features 
and  said  that  the  device  was  entirely  successful,  the  greatest 
n  the  design  being  with  the  speed  control 
and  not  with  the  pressure  control,  although  the  former  is  in 
general   use. 

The  greatest  practical  difficulty  in  the  way  of  this  develop- 
ment is  the  pa-  I    number  of  existing  patents 
cover  the  importar.'                    of  such  a  spark  control  system, 
rs   enough   of   the   features   to   serve 
alone  as  a  basis  for  a  successful  mechanism. 

S.  W.  Sparrow  called  attention  to  the  very   slow  rate  of 
il  combustion   in  the  cylinder,  depending  upon  the  tem- 
perature,   turbuler.  -    conditions    at    the    instant 

nether  any  such  arbitrary  figure 
as    three-quarters    of    the    total    combustion    time    could    be 

■  as  the  c  ark-advance. 

•   by  1'..  K    Wilson,  Professor  Upton 

is   entirely   independent 

This  has  been  shown 

:•    from    1    to    over    100    atmospheres, 

amount   over   the  entire 

that   the    flame  ,  i    propor- 

apsed  time,  as  shown   in  one  of  the  illustra- 

■     •  as  the  rate  is  not  a  linear  function 

r'.y  enough   true   for   the   purpose   for 

whir-  r,   fact  a-  t.her 

ade. 

'-ed  results  which  he  had  found  with  one 


the    ' 

ran? 


i'  in  which  the  optimum  advance  was  60  deg.  for  one 

plug  tiring  alone  and  SG  dog.  for  two  plu>r>  at  opposite 
of  tlie  cylinder,  and  Professor  Upton  stated  that  this  exactly 
confirmed  the  statement   in   his  paper  that   the  time   required 
for   the   flame   to   reach   a   given    point    is   as   the   square   root 
of  the  distance  the  flams  has  to  travel, 

Herbert  (base  questioned  the  reasoning  that  is  based  on 
J  time  for  the  completion  of  combustion,  as 
presented  by  the  author.  This  analysis  refers  to  the  comple- 
tion of  combustion  as  occurring  at  a  time  very  shortly  after 
the  maximum  pressure  is  produced.  -Mr.  Chase  called  at- 
tention to  the  visible  flames  that  always  issue  from  an  open 
exhaust  at  the  end  of  the  expansion  stroke  as  an  indication 
that  combustion  was  not  even  then  complete.  Professor 
Upton  thought  Mr.  Chase's  eyes  deceived  him.  Some  chemi- 
cal combinations,  of  course,  do  occur  after  the  pressure  peak 
and  whatever  flame  may  be  seen  is  probably  the  result  of  an 
over-rich  mixture  or  the  high  temperature  of  the  exhaust. 

Replying  to  a  question  of  R.  W.  A.  Brewer,  Mr.  Midgley 
i  that  Professor  Upton's  conclusions  checked  with  his 
own  results.  Discussing  Mr.  Lee's  paper,  Mr.  Brewer  sug- 
1  that  exhaust-gas  analyses  would  offer  important  addi- 
tional information  as  to  the  relative  behavior  of  different 
fuels.  Mr.  Lee  stated  that  if  the  specific  fuel-consumption 
is  the  same  for  two  fuels  it  appears  evident  that  any  differ- 
ence in  the  needle-valve  settings  serves  only  to  compensate 
for  the  change  in  the  viscosity.  As  an  index  to  carbureter 
characteristics,  exhaust-gas  analyses  seemed  of  insufficient 
importance  to  justify  their  incorporation  in  the  report.  Mr. 
Crane  suggested,  however,  that  any  exhaust-ga's  analyses 
made  should  be  included  in  the  report. 

H.  L.  Horning  referred  to  Mr.  Chase's  question  about  after- 
burning and  said  that  the  most  important  problem  is  to 
eliminate  afterburning  by  whatever  means  may  be  practic- 
able. Turbulence  is  one  means  of  digging  the  gases  off  the 
cylinder  walls.  Valve-in-head  engines  have  little  turbulence 
and  require  a  long  spark  advance.  An  L-head  engine  may 
have  the  spark  advance  reduced  from  35  to  4  deg.  by  a  re- 
design of  the  cylinder-head.  Spark-plug  location  is  one  of 
the  most  important  factors.  One  interesting  result  of  the 
fuel  work  was  the  data  on  the  effect  of  viscosity.  In  cold 
weather  the  viscosity  far  overshadows  the  deficiencies  of  our 
apparatus  in  vaporizing.  Mr.  Horning  also  confirmed  Pro- 
fessor Upton's  conclusions  that  the  spark-advance  depends 
upon  the  amount  of  the  exhaust  gas. 


DANFORTH  IS  1923  GOLF  CHAMPION 


Tournament  at  Summer  Meeting  Draws  Large  Field  ami 
Produces  Keen  Competition 

The  largest  field  of  engineering  golfers  ever  gathered  to- 
gether in  one  tournament  swarmed  over  the  course  of  the 
Spring  Lake  Golf  Club  hoping  to  gather  in  the  honors  of 
being  the  Society  champion  for  1923.  Close  to  150  men 
played  in  the  qualifying  round,  and  since  only  04  could  con- 
tinue in  the  several  tournaments,  it  was  necessary  to  be 
more  than  an  ordinary  devotee  of  the  Scotch  pastime.  Nine 
of  90  or  less  were  turned  in  and  one  of  these  was  a  78. 
After  the  qualifying  round  the  tournament  was  split  into 
four  flights,  Championship,  Class  B,  Class  C  and  Class  D, 
being  HI  contestants  in  each  group.  Winners  in  each 
class  were  determined  by  match  play. 

The  semi-final  round  of  the  Championship  Class  found  I. 
W.  Danforth  facing  F.  W.  Davis  and  D.  R.  Meigs  arguing 
with  Alfred  Reeves.  Reeves  and  Davis  succumbed,  leaving 
Danforth  and  Meigs  to  fight  it  out  for  the  medal.  The  match 
was  a  pretty  one  to  watch,  both  men  proving  to  be  entirely 
f  the  average  class.  The  honors  were  eventually  taken 
by  Danforth  and  he  is  officially  acclaimed  the  1923  top- 
tier. 

G.  8,  Salzman,  H.  I.  Hiatt,  C.  E.  Dwyer  and  E.  L.  Vail 
worked  through  to  the  semi-finals  in  Class  B.  Dwyer  and 
Salzman  scrapped  for  the  honors,  the  former  winning  1  up 
in  19  holes.     Joseph  Bijur  and  B.  S.  Gier  were  the  finalists 
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in  Class  C,  Gier  being  the  top  man  at  the  finish.  Class  D 
brought  the  100  class  men  together  for  friendly  conflict  and 
J.  B.  Funk  defeated  W.  H.  Wallace  in  the  final  round. 

Most  of  the  golfers  took  free  swings  at  the  pellet  in  the 
man's  driving  contest  on  Friday.  W.  R.  Flannery  landed  in 
front  of  all  the  others  and  Sanford  Brown  took  second  honors. 
The  test  of  putting  skill  appealed  more  strongly  to  Sanford 
Brown  and  he  nosed  out  C.  T.  Myers  and  C.  H.  Foster,  who 
finished  in  that  respective  order. 

The  1923  Golf  Tournament  proved  conclusively  that  the 
Society  must  select  a  meeting  place  where  golf  facilities  are 
ample.  It  was  fortunate  indeed  that  Spring  Lake  offered 
two  18-hole  courses  or  the  tournament  never  could  have  been 
finished  in  the  allotted  time  without  interfering  with  all  the 
other  events  and  meetings  on  the  program. 

Ladies'  Golf  Tournament 

The  golf  tournament  for  the  ladies  revealed  the  fact  that 
the  lovelier  sex  are  no  mean  wielders  of  mashie,  driver  and 
niblick.  Mrs.  George  Case,  the  1922  winner,  was  eliminated 
in  the  semi-final  round  by  Mrs.  Claude  Foster.  Mrs.  George 
Lees  defeated  Mrs.  F.  E.  Badger  in  the  other  set-to,  leaving 
the  finals  to  be  decided  between  Mrs.  Foster  and  herself. 
The  laurels  were  eventually  Mrs.  Foster's  in  the  final  con- 
test. The  ladies'  putting  contest  was  won  by  Mrs.  F.  E. 
Badger;  Mrs.  Jack  Gray  was  second  and  Mrs.  George  Case 
third. 


ENGINEER  NATATORS  ASTONISH  CROWD 


Divers   and   Swimmers   Have  Great   Frolic   in   Pool   of 

Spring  Lake  Swimming  Club 

The  Swimming  Carnival  at  the  Summer  Meeting  was  the 
occasion  for  considerable  splashing,  spluttering  and  ripples. 
It  would  be  considerate  to  say  that  a  field  of  very  fine  swim- 


33-Yd.    Swim    (Men) — First,    Gordon    Brown;    second,    S.    M. 
Lee ;    third,    Rollin   Abell 

66-Yd.    Swim    (Men) — First,    Gordon    Brown;    second,    S.    M. 
Lee;   third.   Rollin  Abell 

Balloon  Relay  Race — First,  Detroit  Section 

Plunge  for  Distance   (Men) — First,  L.   C.  Hill;  second,  A.   K. 
Brumbaugh;   third.   E.  Y.    Davidson.  Jr. 

Egg    Race     (Men) — First,    Neil     MacCoull ;    second,     Gordon 
Brown ;    third,   S.    M.    Lee 

Candle  Race    (Women) — First.   Mrs.   Donald   McKenzie;    sec- 
ond. Miss  Betty  Gurney  ;   third,  Mrs.  Ernest  Dickey 

Blindfold  Race    (Men) — First,  Gordon  Brown;    second,   S.    M. 
Dee  ;  third,  Neil  MacCoull 


Fancy     Diving     (Men) — First.    S.     M.     Lee; 
Butcher  ;  third,  E.  Y.    Davidson,  Jr. 


second,    H.     E. 


Plate  Diving  Contest    (Men) — First,  Gordon   Brown;   second. 
A.   K.  Brumbaugh  ;    third.   S.   M.  Lee 

Night  Shirt  Race — First,  Rollin  Abell ;  second,  Gordon  Brown  ; 
third,   S.   M.   Lee 


Water    Golf    (Men) — First.    S.    M. 
Coull ;    third.    George   Briggs 


Lee;    second,    Neil    Mar- 


Section  Championship  Relay — First.  Metropolitan  (Gonlwi 
Brown,  Sanford  Brown,  Neil  MacCoull  and  Ira  Snead)  ; 
second.   Detroit 

Following  the  program  of  Society  events  Miss  Eileen  Rig- 
gin,  youthful  diving  champion  of  the  world,  presented  an 
exhibition  of  high  and  low  board  diving  that  was  a  delight 
to  the  eye.  All  of  her  dives  were  executed  with  uncanny  pre- 
cision and  grace  and  put  to  shame  her  masculine  imitators 
who  had  attempted  to  perform  in  sylphlike  fashion  with 
somewhat  ludicrous  results.  All  in  all  the  aquatic  program 
was  good  sport  and  seemed  to  please  the  spectators. 

Of  course  the  pilgrimage  from  the  inland  sections  of  the 
country  took  numerous  dips  in  the  briny  and  fluttered 
through  the  surf.  It  did  not  require  much  coaxing  to  frolic 
in  the  rollers  with  the  temperature  scale  attempting  to  reach 
the  century  district.  There  is  no  denying  the  fact  that  Sum- 
mer Meetings  near  the  water  have  proved  popular. 


DETROITERS  TAKE  BASEBALL  SERIES 


Watching  the  Swimming  Events 


Win  from  Harry  Figgie's  Clevelanders  in  Hectic  Game 
Featured  by  Heavy  Hitting 

The  Detroit  contingent  carried  home  the  baseball  cup  em- 
blematic of  the  championship  for  the  year  1923.  Neil  Mc- 
Millan, Jr.,  sprung  the  surprise  of  the  meeting  by  organizing 
and  captaining  a  nine  that  was  able  to  take  the  measure  of 
the  well-groomed  outfit  presented  by  Harry  Figgie.  This 
upset  prevented  the  Cleveland  Section  from  taking  their 
second  leg  on  the  cup. 

The  preliminary  battles  were  played  on  Thursday  after- 
noon. The  Metropolitan  Section  inserted  the  novelty  of 
having  Miss  Marie  Luhring  compete  as  a  member  of  their 
nine.  Miss  Luhring  is  one  of  the  few  women  who  are  mem- 
bers of  the  Society.  The  Cleveland  crowd  threw  aside  the 
customary  courtesy  shown  the  fair  sex  and  proceeded  to 
lay  away  the  Metropolitan  contingent  to  the  unmerciful 
count  of  14  to  2.     The  Detroiters  then  took  the  measure  of 


mers  appeared,  but  we  must  be  truthful.  The  facts  are  that 
one  or  two  talented  research  men  did  give  indications  of 
having  crawled  or  trudged  before  but  the  balance  must  be 
placed  in  the  "old  swimmin'  hole"  class.  Gordon  Brown  and 
Stephen  M.  Lee  had  a  little  series  of  two-cornered  contests 
for  the  first  two  positions  in  most  of  the  events.  The  stunt 
races  tickled  the  large  and  appreciative  gallery  that  wit- 
nessed the  contests.  A.  K.  Brumbaugh  gave  an  all  too  short 
demonstration  of  the  antics  of  youth  in  the  children's  pool. 
The  representatives  of  the  Metropolitan  Section  were  after 
the  first  places  in  all  swimming  events  to  give  them  a  second 
leg  on  the  Inter-Section  athletic  trophy.  The  summary  of 
the  swimming  events  follows: 

33-Yd.   Swim    (Women) — First,   Miss  Betty  Gurney;   second, 
Mrs.   Donald  McKenzie  ;   third,  Mrs.   Ernest  Dickey 


One  of  the  Baseball  Games  on  the  Lawn 
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had  boon  coached 
and  pn?p.>-  !: 

being  reason- 
able. 

The  rir.al  frame  between  th<  and  the  Cleveland  E 

:  to  be  a  cool  mod   with  ex- 

ge    Hunt    and 
.r   running  catches   that 
:  the  day.     Captain   McMilb  ged   in   a  little 

mental  relaxation  in  the  last  inning  when  considerable  busi- 
ness of  importance  was  being  transacted  by  the  Cleveland 
battr  Jsion  by  emulating  one 

be  final  period,  neatly  parking  the  indoor 
ball   it  ;neau  of  a  passing  car  for  a  complete  circuit 


Nell    McMillan. 

1  '.troit 


CaJT'  Teams  That   Met   in    the 

KlXAL    UAME    OT    THE    BaSKB.UX    .SERIE8 

••  bases  with  two  teammates  preceding  him  home  as  com- 
pany. The  final  figures  given  out  by  the  disinterested  score 
computer  rate  the  relative  merits  of  the  teams  at  8 — 7. 


-MIDI. I.  I-  -<»i  |1  TVS  TKNNIS  CMXMIMnN 


\1-ii  I  A.  -  ilo    Doubles  Championship  with  1 1 » « -   \--i-t- 

anii'  hi    Herbal  Chase 

The  tennis  tournament  at  the  Spring  Lake  Meeting  drew 
out  a  larger  field  of  entries  than  that  of  any  previous  Sum- 
mer Meeting.     There  were  many  keenly  fought  matches  and 

r  two  upsets  from  preliminary  predictions.     Deucr 
and  games  were  plentiful  and  few  of  the  matches  were  mere 

ips.      There    were   30   contestants    in    the    men's    sil 
championship.    The  semi-final  round  brought  Herbert  Chase 
and   '  L"th(-r   in   the   upper   half,  the   latter 

winning  6 — 4,  6 — 1.     Norman  Shidle  met  Stanley  Bates  in  the 
other    half    ar  ed    him    7 — 5,   6 — 4,    after    two 

jous   set*.      This   left    Shidle   to    fad  on    in    the 

final  let  zig-zagged  for  many  v 

but  t.  hidle  7 — 5,     This  long  strut'.  '1  to 

be  the  tu-  nt  in  the  match,  for  Shidle  took  the  cham- 

he  last  two  sets  6 — 1,  6 — 1. 

•     the    doBD  and 

medal-.     EL  M  -kson  had  little  trouble 

work  e    finals    but    Chase    and    Shidle 

hard    pressed  by   '  .ination,   the    final 

scor<  The  finals  were  v.  v  a  large 

and  enthusia**  1  some  first-class  t. 

ne  fans  to  applau  .  I  warmly, 

but  the  youthful   team  of   Chase  and   Shidle  was   not  to  be 

to  the  tune  of  6 — 4,  6 — 4, 

In   the   finals   of  the  ladies'  singles   Mr      I       I  ott   de- 


TlIK     TSNNIS      PLAYEBH 

From    Left   i"    Riant   They   Are   Miss   Norma    I'orter,    Runner  Up  in 

the    Ladles"    Singles;    Mrs     C    v     Scott,    the    Winner,    and    N.    O. 

Shidle,  Winner  of  the  Men's  Singles  und  One  of  the  Winners  of  the 

Mnis    1  limbics 

feated  Miss  Norma  Porter  6 — 2,  6 — 0.  The  mixed  doubles 
final  was  played  by  the  teams  Herbert  Chase  and  Mrs.  Ernest 
Dickey  and  C.  F.  Clarkson  and  Miss  Ruth  Porter,  the  latter 
winning  on  a  come-back  after  the  first  set  4 — 6,  6—4,  6 — 4. 


FIREWORKS  SHOW  FEATURES  STUNTS 


Metropolitan   Contribution    Pleases   the   Members   ami 
Townsfolk  of  Spring  Lake 

The  credit  for  the  most  impressive  Section  stunt  at  the 
Summer  Meeting  goes  to  the  Metropolitan  Section.  Its  fire- 
works display  on  Thursday  evening  was  the  occasion  of  un- 
numbered ohs,  ahs  and  urns  from  the  assembled  multitude. 
The  citizenry  of  the  Jersey  coast  resorts  had  been  forewarned 
of  the  display  by  the  local-gossip  papers  and  there  must 
have  been  5000  people  who  enjoyed  the  pyrotechnic  display. 
The  engineering  of  this  stunt  must  be  credited  to  H.  G. 
McComb,  who  planned  and  staged  it  with  his  customary 
efficiency.  Rockets,  bombs,  pin-wheels,  floral  showers  and 
attractive  set  pieces  pleased  the  eye.  The  program  was 
topped  off  with  the  display  of  the  Society  emblem  in  letters 
of  colored  fire. 

The  Dayton  Section  provided  a  small  hydrogen  captive- 
balloon  on  Friday  for  those  who  cared  to  chance  a  free  ride 
over  the  beach.  This  novel  stunt  was  conceived  and  carried 
out  by  L.  L.  Custer,  whose  perseverance  was  responsible  for 
tracing  through  the  tardy  shipment  of  the  material  just  in 
time   to   make   good   before   the   close   of   the   meeting.      The 


Pii#. 

mi 

\  ■ 

w 

1 

^g^L'Bh^ 

H    ';    McComb 


I    'iWI.KIl 


Vol.  XIII 


July,  1923 


No.  1 


SOCIETY  MEETINGS 


77 


Cleveland  Section  provided  neatly  embellished  cigarettes  at 
the  dinner  table  to  the  delight  of  the  members. 

The  Mid-West  Section,  reinforced  by  Phil  Overman  of 
Minneapolis  and  his  tuneful  banjo-mandolin,  put  over  some 
acceptable  Section  harmony  during  the  motion  picture  show 
one  evening.  The  parodies  used  were  pointed  to  indicate 
that  the  Chicago  organization  leads  the  world  and  all  others 
are  mere  triflers.  This  claim  met  with  some  opposition, 
however. 

The  Section  stunts  are  an  important  feature  of  all  Sum- 
mer Meetings  and  those  presented  at  Spring  Lake  kept  up 
the  pace  set  in  years  gone  by. 


CREDIT  WHERE  CREDIT  IS  DUE 


Mention  of  Those  Who  Helped  to  Make  the  Summer 

Meeting  Successful 

The  Summer  Meetings  of  the  Society  are  successful  largely 
because  of  the  unselfish  labor  of  certain  members  who  de- 
vote time  stolen  from  their  own  pleasures  to  direct  the  many 
activities.     It  is  appropriate  to  give  these  members  the  credit 


Milton     Who     Managed     the 
Entertainment  Features 


Mason    P.    Rumney,    Who    Had 
General  Charge  of  the   Meeting 


Two  Persons  Who  Did  Much  To  Make  the  1923  Summer  Meeting 
a  Great  Success 

due  them  as  a  part  of  this  account  of  the  successful  gather- 
ing at  Spring  Lake,  N.  J.,  June  19  to  23. 

First  of  all,  mention  must  be  made  of  the  Meetings  Com- 
mittee under  the  able  direction  of  Mason  P.  Rumney.     This 


The  Staff  of  the  Daily  SAE 

committee,  with  the  aid  of  the  staff  at  the  New  York  City 
office,  must  handle  the  principal  details  of  the  program.  T. 
J.  Litle,  Jr.,  E.  P.  Warner  and  O.  C.  Berry  of  the  commit- 
tee aided  in  securing  a  valuable  set  of  technical  papers. 
Taliaferro  Milton  managed  the  entertainment  and  ladies' 
events  in  commendable  fashion. 

The  comprehensive  sport  program  required  a  number  of 
willing  workers,  and  they  did  a  highly  creditable  job.  The 
following  members  of  the  Sports  Committee  deserve  men- 
tion for  the  complete  success  of  the  athletic  events: 

Sports  Committee 

Mason  P.  Rumney,  Chaii-man 
John  Warren  Watson — Golf 
Lon  R.  Smith — Trapshooting 
Walter  J.  Buettner — Tennis 
Gordon  Brown — Swimming 
Neil  McMillan,  Jr. — Baseball 
A.  D.  T.  Libby — Horseshoes 

The  high  caliber  of  the  technical  papers  was  mentioned 
favorably  by  all  who  attended  the  technical  sessions.  No  at- 
tempt will  be  made  to  commend  each  author  individually, 
but  it  should  be  recorded  that  their  work  of  preparing  and 
presenting  the  papers  is  appreciated  by  the  Council  of  the 
Society.  The  Chairmen  are  thanked  for  their  part  in  direct- 
ing the  technical  discussions  so  that  the  greatest  value 
could  be  got  from  them. 

The  International  Motor  Co.  is  thanked  for  its  thought- 
fulness  in  providing  three  of  its  latest  type  motorbuses  to 
transport  the  members  between  the  railroad  station,  the  golf 
courses,  the  hotels  and  the  tennis  courts. 


John   W.    Watson 
Golf 


Walter  J.  Buettner 
Tennis 


Gordon  Brown 
Swimming 


Lon    R.     Smith 
Trapshooting 


Four  of  the  Members  of  the  Sports  Committee 
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The  head-lamp  demonstration  staged  by  the  General  Elec- 
I   instructive  and  valuable.     It  enabled  the 
members  to  get  a  complete   picture  of  the   progress  being 
made   in   perfecting  anti-glare   devices  and   the   manner   of 
applying  the  Society's  head-lamp  illumination  standard.    The 
States  Army  exhibited  two  of  its  most  recent  trans- 
port vehicles  and  these  were  inspected  by  a  large  number  of 
the  members.    The  tire  companies  are  thanked  for  providing 
•.-quipped  with  large-section  air-cushion  tires  so  that  the 
members  had  an  opportunity  to  judge  the  improved  riding 
quality  resulting  from  the  use  of  this  equipment.     Members 
were  allowed  to  drive  the  cars  personally  to  study  the  effect 
larger  tires  on  steering.     Cars  of  all  sizes,  from  the 
Ford  to  the  Lincoln  and  Cadillac,  were  provided  for  demon- 
strating purposes. 

companies    who    provided    cars    equipped    with    four- 
wheel  brakes  are  thanked  for  their  cooperation  in  the  exhibit 
program.     No  formal  demonstration  was  held,  but  the  cars 
were  available  throughout  the  meeting  period  for   members 
to  drive  and  test  as  they  saw  fit.     Stopping  demonstrations 
g    en   by   all   of  the   cars   immediately   following   the 
n  devoted  to  the  subject  of  four-wheel  brakes, 
^tunately,  they  were  brought  to  an  abrupt  conclusion  by 
•.terference  of  a  conscientious  Jersey  State  motorcycle 
policeman  who  arrested  the  Renault  driver  for  traveling  at 
a  speed  of  G*>  m.h.p.     In  another   instance  the  local   motor- 
(rman  threatened   the   arr<<-t   of  the  driver  of  one 
of  the  low-pr«-  who  had  been  giving  a  demon- 

stration of  the  curb-mounting  abilities  of  his  vehi 


The  Dotty  SAB  a  Clever  Paper 

The  daily  paper  of  the  1923  Summer  Meeting  was  done 

Tlu-  Motor  Whew  Corporation  was  respond- 
it  the  presence  of  tins  newsy  and  spicy  sheet  and  C.  C. 
Carlton  is  specially  thanked  for  this  display  of  his  interest 
in  the  Society  and  the  meeting.  The  editorial  stall"  was  di- 
d  by  Howard  Spohn  and  K.  C,  Wright.  Fred  AY  ell  man 
acted  as  chief  of  the  production  work  and  saw  many  wee 
morning  hours  of  labor.  Gene  Fowler,  humorist  of  the  Hearst 
papers,  wrote  most  of  the  humorous  material  and  was  largely 

responsible  for  the  smiles  noted  on  all  faces  at  the  break- 
fast table.  Harry  Tarantous,  C.  E.  Hey  wood  and  other 
ported  happenings  in  newsy  fashion.  The  one  big  feature 
Of  the  Daily  SAE  which  seemed  to  make  the  biggest  hit  was 
the  caricatures  drawn  on  the  spot  by  Henry  Major,  cartoonist 
of  the  Hearst  publications.    These  were  adjudged  ace  high. 

One  issue  of  the  Daily  SAE'  was  sent  to  the  entire  mem- 
bership of  the  Society  to  let  them  grasp  the  atmosphere  of 
the  Summer  Meeting  and  decide  to  be  numbered  among  the 
lance  in   1924. 


SI  MMIH  MEETING  ENJOYED  BY  LADIES 


Miss   Cramer  Again   Captures   Trophy   in    the   Annual 
Dancing  Contest 

There  was  much  ado  at  Spring  Lake  for  the  large  repre- 
sentation of  ladies  present  at  the  Summer  Meeting.  The 
social  program  in  charge  of  Taliaferro  Milton  and  the  ladies' 
sports  events  left  no  time  for  twiddling  of  thumbs.  Bridge 
tournaments  were  held  each  afternoon  and  attracted  any- 
where from  25  to  50  ladies.  The  first  prize  on  Tuesday 
afternoon  was  won  by  Mrs.  George  E.  Goddard,  Mrs.  E.  W. 
Austin  winning  the  second  and  Mrs.  Ernest  Dickey  the 
third.  Mrs.  Jack  Gray  was  the  successful  bidder  on  Wednes- 
day afternoon,  Mrs.  W.  J.  Bryan  and  Mrs.  R.  S.  Lane  being 
second  and  third  respectively.  Mrs.  Howard  Spohn  turned 
in  the  high  tally  card  on  Thursday,  Mrs.  Goddard  being 
second  and  Mrs.  W.  P.  Culver  third.  On  Friday  morning 
Lois  Culver  was  awarded  the  first  prize  and  Mrs. 
George  Kraus  the  second  with  Mrs.  R.  S.  Lane  running 
third. 

The  usual  amount  of  interest  was  displayed  in  the  annual 
dancing  contest  which  was  held  on  Friday  evening.  A 
large  field  of  steppers  competed  and  it  took  a  long  period 
to  narrow  them  down  to  three  or  four  of  the  better 
Torpsichorean  artists.  The  crowd  seemed  to  be  evenly 
divided  in  their  applause  when  the  contest  had  narrowed 
down  to  two  couples.  After  due  deliberation,  the  judges 
awarded  the  first  prize  to  Miss  Catherine  Cramer  who  was 
guided  to  success  by  Olney  Jones.  Miss  Clara  Wetzel  of 
the  Society  staff  was  awarded  second  prize,  her  partner  be- 
ing Bernard  T.  Jones,  also  of  the  Society's  staff.  It  was  a 
trick  of  fate  that  both  male  partners  in  the  finals  should 
carry  the  uncommon  name  of  Jones.  Miss  Cramer  carries 
the  dance  trophy  back  to   Detroit   for   another  year. 


I  he  attention  of  the  members  is  directed  to  an 
announcement  of  special  importance  regarding 
Part  I  of  Vol.  17  of  the  Transactions  that  appears 
on  P.  124  of  the  advertising  section  of  this  issue 
of  The  Journal, 
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Standards  Committee  Meeting 


THE  reports  of  the  13  Divisions  of  the  Standards 
Committee,  which  were  printed  on  pp.  565  to  585 
of  the  June,  1923,  issue  of  The  Journal  were  pre- 
sented at  the  Standards  Committee  Meeting  at  Spring 
Lake,  N.  J.,  on  June  19,  and  approved  as  presented  or 
amended  in  the  meeting  or  were  referred  back  to  the  re- 
spective Divisions  for  further  consideration.  The  action 
of  the  Standards  Committee  Meeting  .was  approved  by 
the  Council  and  at  the  Business  Session  in  the  evening. 

Under  an  approved  revision  of  the  Standards  Commit- 
tee Regulations,  the  letter  ballot  of  the  Society  Members 
on  final  approval  of  the  reports,  will  be  returnable  and 
counted  21  days  following  publication  in  The  Journal 
of  the  action  taken  on  them  at  the  Standards  Committee 
Meeting.  The  ballot  on  the  following  reports  are  there- 
fore returnable  to  the  Society  at  its  offices,  and  will  be 
recorded  on  July  23,  1923. 

The  usual  letter  ballot  form  will  be  sent  to  each  voting 
member  of  the  Society  and  will  provide  for  affirmative 
and  negative  votes  and  waivers.  Each  subject  to  be  bal- 
loted upon  will  be  numbered  to  correspond  with  the  num- 
bers in  the  following  report.  In  each  case  the  following 
page  references  are  to  those  upon  which  the  reports  were 
printed  in  the  June,  1923,  issue  of  The  Journal.  This 
issue  should  be  used  in  connection  with  the  following  rec- 
ord of  action  taken  at  Spring  Lake  and  in  marking  your 
letter  ballot.  Each  time  a  ballot  is  taken  there  are  a 
number  of  unsigned  ballots  returned  to  the  Society,  and 
as  these  cannot  be  counted  it  is  suggested  that  every 
member  casting  a  ballot  read  carefully  the  instructions 
that  accompany  it  before  returning  it  to  the  Society. 

The  following  report  includes  only  such  changes  as 
were  made  in  the  Division  reports  printed  in  the  June 
issue  of  The  Journal,  referred  to  above,  that  were  ap- 
proved for  submission  to  letter  ballot  by  the  members 
and  the  principal  discussion  of  each  subject  in  the  Stand- 
ards Committee  Meeting. 

AGRICULTURAL    POWER    EQUIPMENT    DIVISION 
REPORT 

(1)  Tractor  Belts  and  Pulleys 

(June  issue  of  The  Journal,  p.  565) 

AXLE  AND  WHEELS  DIVISION  REPORT 

(2)  Front  Wheel. Mountings 

(June  issue  of  The  Journal,  p.  566) 

The  last  three  columns  in  Table  2  and  footnote  1  were 
referred  back  to  the  Division. 

THE  DISCUSSION 

C.  C.  Carlton:— This  report,  although  brief,  repre- 
sents the  work  of  many  meetings  held  by  the  Division 
and  various  sub-committees.  Although  objections  have 
been  made  by  some  of  the  motor-car  builders  to  the  data 
incorporated  in  the  report,  the  Division  feels  that  the 
data  conform  very  nearly  to  existing  practice  and  that 
the  report  is  worthy  of  adoption. 

The  question  has  been  raised  as  to  the  number  of 
flange  bolts  in  wood-wheel  hubs  as  given  in  the  report. 
The  RO  size  conforms  almost  exactly  to  Ford  practice  for 
which  six  hub-bolts  are  recommended.  For  the  other 
sizes    of    hub,    12    hub-bolts    are    recommended.      Some 


of  the  axle  manufacturers  feel  that  6  bolts  are  sufficient 
while  others  think  that  8  should  be  used,  but  I  am  very 
sure  that  a  large  number  of  tests  recently  made  over  a 
period  of  1  year  particularly  by  the  Hayes  Wheel  Co.  and 
the  Motor  Wheel  Corporation  have  proved  to  the  satis- 
faction of  every  builder  of  wood  wheels  that  12  hub-bolts 
are  necessary  for  good  wood-wheel  construction. 

The  Division,  therefore,  feels  that  although  6  and  8- 
hub-bolts  are  more  nearly  general  practice  today,  12  hub- 
bolts  should  be  recommended. 

On  investigating  the  service  department  records  of 
several  companies  using  12  hub-bolts  we  have  found  that 
their  difficulties  because  of  12  hub-bolts  are  so  much 
smaller  than  similar  difficulties  of  those  using  6  or  8  hub- 
bolts,  that  we  believe  this  report  is  worthy  of  adoption 
as  S.  A.  E.  Recommended  Practice. 

H.  M.  Crane:— Referring  to  Table  2,  regarding  the 
bolt  size  and  the  hub-cap  thread  I  question  whether  it  is 
not  carrying  standardization  too  far  to  use  12  7/16-in. 
bolts  on  four  such  different  size  hubs  as  are  recom- 
mended, and  whether  the  %-in.  bolt  would  not  be  ample 
for  at  least  the  two  smaller  sizes. 

The  hub-cap  thread  is  plainly  a  compromise  between 
what  the  size  of  the  thread  ought  to  be  and  the  ability  to 
use  a  cheap  form  of  pressed  hub-cap.  These  threads  will 
hold  all  right  if  their  fit  is  a  good  one  and  the  hub-cap  is 
reasonably  stiff,  but  24  threads  for  this  kind  of  work  is 
wrong,  to  my  mind.  Even  16  threads  on  the  bigger  hub- 
caps is  too  fine.  I  think  12  threads  is  what  is  really 
needed  to  do  a  first-class  job. 

Therefore,  I  move  as  an  amendment  to  the  motion  to 
approve  the  report,  that  the  number  and  sizes  of  bolts 
the  footnote  No.  1  and  the  hub-cap  threads  be  referred 
back  to  the  Division  for  further  consideration. 

MR.  Carlton: — Regarding  the  hub-bolts  I  have  ex- 
plained the  feeling  of  those  who  were  building  wheels  as 
to  increasing  the  number  of  bolts  to  12.  Also  by  includ- 
ing the  footnote  "Machine  Screw  Bolts"  we  are  trying 
to  specify  the  best  possible  hub-bolt  combination  that  a 
long  series  of  tests  has  proved  is  what  we  want  and  that 
every  builder  of  wood  wheels  favors. 

Although  Mr.  Crane's  criticism  is  correct,  12  hub-bolts 
are  much  better  than  6  or  8.  We  have  found  that  this  is 
the  weakest  part  of  all  wood  wheels  because  the  first 
thing  that  happens  in  failure  is  stretching  of  the  hub- 
bolts.  The  hub-cap  threads  is  the  best  compromise  that 
we  could  make  after  studying  a  great  many  criticisms 
and  suggestions  received  while  drafting  this  recommen- 
dation. 

Mr.  Crane  : — I  cannot  see  why  the  Rl  size  hub  should 
require  12  7/16-in.  bolts  if  the  same  number  of  the  same 
size  are  suitable  for  the  R4  hub.  I  can  understand  why 
the  wood-wheel  makers  would  like  to  have  them  all  alike, 
but  it  is  my  opinion  that  these  hub  sizes  are  too  different 
to  allow  of  using  the  same  size  and  number  of  bolts.  We 
have  had  broken  front  wheels  having  10  %-in.  bolts  in 
which  the  hubs  were  not  disturbed  at  all.  I  will  admit 
they  were  fairly  good  bolts  of  good  machinery  steel. 

George  S.  Case: — I  think  the  trouble  in  deciding  be- 
tween the  %  and  7/16-in.  bolts  is  more  a  matter  of 
trouble  in  assembly  than  the  actual  performance  of  the 
bolts  afterwards.  As  bolt  manufacturers  we  find  that 
%-in.  bolts  are  very  frequently  broken  with  a  wrench 
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men(  through  the  Society.     This  standardization  is 

e  if  it  can  be  done. 

lthur  .1.  Scaife:-    Does  the  number  of  bolts  have 
any  bearing  on  the  number  of  spokes  used? 
Mr  Carlton: 

MR   S<  v i ii  :     The  bolts  would  then  go  through  any- 

e  in  the  spoke  butts? 
Mr  Carlton:     5fes.    As  a  result  o(  the  tests  already 

referred  to,  those  who  felt  that  the  bolts  should  pass 
between  the  joints  of  the  spokes  and  those  who  felt   that 

the  holts  should  go  through  the  center  of  the  spokes,  have 

almost  come  to  the  conclusion  that   it  is  immaterial  which 
way  they   go.     The  greater  majority  of  the  tests,   how 
show  a  very  slightly  increased  strength  with  the 
bolts    passing   through    the   joints   of   the  spokes,   which 
is  the  reason  for  specifying  the  12  bolts. 

Tenon  Hoi  es  i  or  Steel  Fei  loes 

(./»  |  The  Journ  u..  p, 

BALI.  ANIi  ROLLER  BEARINGS  DIVISION  REPORT 
ili   Metric-Type  Thrust  Ball-Bearings 
{.Ihiii  issue  of  The  Jot  rn  u 

THE    DISCUSSION 

F.  W.  GURNEY:— The  Ball  and  Roller  Bearing  Division 
ubmits  to  the  Standards  Committee  the  matter  of 
metric-type  thrust  hall-hearings,  which  it  will  be  re- 
membered was  discussed  at  the  last  Winter  Meeting. 
Most  "i  us  on  the  Division  have  felt  that  there  was  con- 
siderable misunderstanding  then  about  just  what  we 
were  trying  to  do  in  standardizing  the  metric-type  thrust 
rings  thai  we  recommended.  There  seemed  to  be  a 
prevalent  feeling  that  the  question  of  the  metric 
and  English  systems  of  measurement  are  involved,  but 
this  is  not  at  all  what  we  have  in  mind.  Unfortunately, 
the  standards  of  ball  bearings  were  first  established  in 
Europe,  and  for  that  reason  they  were  laid  out  to  metric 
dimensions.  I  think  we  all  agree  that  if  we  could  again 
lay  out  a  suitable  and  ideal  series  of  standards  for  ball 
bearings,  we  would  make  them  to  English  dimensions. 
We  are  all  working  m  handicap  of  these  metric 

standards  that  were  established  l-r>  or  20  years  ago,  but 
the  whole  industry  is  based  and  built  upon  those  stand- 
ards. 

The  metric-standard  thrust  hearings  in  the  report  are 
probably    older    than    the    English-standard    thru   I     beai 

were  adopted  in  1917,  I  believe,  by  the  Society. 
We  think  it  is  advisable  to  recognize  that  there  are 
man;,  companies  using  the  metric  bearings  and  aboul 
four  firms  that  are  manufacturing  them.  It  is  not  a 
'ion  of  whether  they  are  better  than  the  others  or 
whether  they  ma  greai  an  extent  as  the 

recognizing  I   t  hat   t  hey  are  i» 

and  to  make  it   more  convenient    for  those  who  are 
using  and  manufacturing  1 1 

R    i  FORTH:     The  repi  that  there  were 

some  416,260  Deal  thi    t    pe  used  per  year.    This 

is  a  small  qui  ired  with  the  total  number  of 

thrust  bearing-  used  in  the  automotive  industry.    As  far 
he  completion  of  the  S.A.E.   Standard  adopted   in 
]'.)]x  is  concei  gives  tolerance  dimensions  for  the 

inside  diameter.  Is  it  necessary  thai  j/e  establish  all  the 
dimensions    fi  metric-type    bearings?      It    rather 

look  ve  e  tablished  limits  and  then  want  to 

rlrav  -anufacturers  into  a  very  unusual  standard- 

ization. 
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As  for  the  necessity  of  having  a  standard  of  metric- 
type  thrust-bearings  for  the  users  and  manufacturers, 
I  doubt  very  much  if  it  will  have  much  effect  with  them; 
they  will  not  change  their  present  designs  to  use  the  new 
bearings  in  their  automotive  work. 

Mr.  Crane: — As  I  understand  it,  there  is  already  a 
partial  standardization  of  the  metric-type  thrust-bearings 
printed  on  pages  C39  to  C42  of  the  S.A.E.  Handbook 
and  a  complete  standard  for  inch-type  thrust-bearings 
printed  on  pages  C34  to  C39.  The  proposal  is  simply  to 
bring  the  metric-type  thrust-bearings  standard  into  line 
with  the  inch-type  thrust-bearing  standard  by  completing 
the  already  partial  standard. 

That  being  the  case,  it  seems  to  me  that  the  last 
speaker,  if  he  wishes  to  be  consistent,  would  move  that 
the  present  partial  standard  of  metric-type  thrust-bear- 
ings be  removed  from  the  S.A.E.  Handbook.  I  cannot 
see  any  reason  why  we  should  have  a  lack  of  standardiza- 
tion in  standards.  If  we  have  a  certain  form  of  standard- 
ization for  inch-type  thrust-bearings,  we  should  have  the 
same  form  of  standard  for  the  metric  type  if  we  are  to 
have  any  standardization  at  all. 

Mr.  Gurney: — All  we  have  now  for  the  metric  series 
is  the  tolerances  that  are  given  for  ranges  of  sizes,  while 
we  have  complete  standardization  of  the  inch  thrust- 
bearings  and  merely  tolerances  for  the  metric  series. 
The  whole  thing  comes  down  to  a  question  of  fact;  is 
the  manufacture  and  the  use  of  metric  sizes  of  sufficient 
importance  to  warrant  recognition  by  standardizing 
them?  Are  they  being  used  to  a  sufficient  extent  so  that 
the  users  of  them  need  these  standards? 

Mr.  Cornforth  : — Referring  to  what  Mr.  Crane  said 
as  to  the  partial  standard  that  we  now  have,  the  tolerances 
are  not  of  so  great  significance  as  might  be  considered, 
due  to  the  fact  that  each  maker  or  user  will  use  what- 
ever tolerances  he  feels  are  the  best  for  his  application 
of  that  type  of  bearing. 

H.  E.  BRUNNER: — The  point  in  connection  with  the 
partial  standardization  of  metric  thrust-bearings  is  that 
there  are  no  standards,  but  there  are  in  the  S.A.E. 
Handbook  tolerances  for  them.  These  tolerances  refer 
to  those  permissible  for  a  given  range  of  bearing  sizes, 
but  the  standard  does  not  specify  what  the  sizes  are. 

G.  R.  B0TT: — This  whole  subject  has  been  more  or  less 
misunderstood.  There  are  some  six  or  eight  thrust-bear- 
ing manufacturers  making  metric  thrust-bearings  that 
have  been  used  more  or  less  for  the  last  20  years.  It 
is  their  desire  that  these  bearings  be  standardized  to 
the  extent  that  they  can  all  manufacture  standard  sizes 
that  will  be  interchangeable.  This  will  help  both  the 
manufacturer  and  the  user  of  the  bearings.  Originally 
the  metric  thrust-bearings  were  brought  over  from  the 
European  countries,  about  three  makes  of  them  followed 
one  standard,  the  rest  varied  in  dimensions. 

A  standard  will  make  it  possible  for  the  user  to  avoid 
difficulty  in  the  future  in  getting  the  same  metric  thrust- 
bearing  from  several  manufacturers  rather  than  to  be 
confronted  with  the  difficulty  of  using  a  bearing  that  is 
not   standard. 

There  is  no  question  of  standardizing  metric  thrust- 
bearings  as  opposed  to  inch  thrust-bearings.  The  manu- 
facturer of  metric  bearings  possibly  also  makes  inch- 
dimension  bearings.  It  is  only  a  question  of  standard- 
ization. I  for  one  cannot  see  why  there  should  be  any 
objection  to  the  six  or  eight  manufacturers  of  metric 
thrust-bearings  getting  together  and  standardizing 
thrust-bearings  so  that  their  tooling  will  be  simplified  and 
they  will  be  able  to  carry  reduced  stocks  to  supply  bear- 
ings to  those  who  desire  them. 


Where  metric  dimensions  control  annular  bearings, 
there  is  a  desire  sometimes  to  use  metric  thrust-bearings 
in  conjunction  with  them.  It  would  be  foolish  to  elimi- 
nate entirely  or  refuse  to  standardize  thrust-bearings 
because  they  are  not  used  to  such  a  great  extent. 

Let  me  repeat  that  there  are  some  six  or  eight  manu- 
facturers making  thrust-bearings  and  it  is  their  desire 
to  standardize  so  that  the  whole  matter  will  be  simplified. 
There  is  no  question  of  compelling  any  one  to  use  metric 
thrust-bearings  in  place  of  the  inch-dimension  thrust- 
bearing. 

(5)   Metric-Type  Roller   Bearings 
(June  issue  of  The  Journal,  p.  567) 

In  Tables  4  and  5  the  heading  for  the  corner  radii 
was  changed  to  "Corner  Radius  of  Cones"  and  a  foot- 
note added  which  reads  "The  corner  radius  of  all  cups 
shall  be  y8  in." 

THE  DISCUSSION 

MR.  GURNEY : — The  metric-type  roller-bearing  dimen- 
sions reported  conform  in  outside  and  inside  diameters 
with  the  light  and  medium  series  of  annular  ball-bearings 
and  the  widths  with  those  of  the  double-row  ball-bear- 
ings, and  are  a  revision  of  the  standard  already  adopted 
by  the  Society. 

T.  V.  Buckwalter: — These  metric  sizes  are  being 
made  today  in  accordance  with  the  tolerances  in  this 
table. 

President  H.  W.  Alden  : — In  the  next  to  the  last 
column  of  the  tables  which  refer  to  "Corner  radius,  cups 
!4  in.,  cones,"  perhaps  the  statement  regarding  the  cor- 
ner radius  of  cups  would  be  better  in  the  form  of  a 
footnote  at  the  bottom  of  the  tables  rather  than  in  the 
column  headings. 

(6)  Shaft   and   Housing   Fits   and   Tolerances  for 
Ball  Bearings 

(June  issue  of  The  Journal,  p.  568) 

ELECTRICAL  EQUIPMENT  DIVISION  REPORT 

(7)   Rubber  Bushings 

(June  issue  of  The  Journal,  p.  570) 

Numbers  for  designating  sizes  were  added. 

THE  DISCUSSION 

J.  A.  KRAUS: — I  suggest  that  numerals  be  used  to 
indicate  the  sizes  instead  of  the  fractional  diameters 
given  in  the  table.  I  do  not  have  in  mind  changing  the  de- 
sign in  the  least,  but  being  able  to  select  from  the  list 
by  number  would  facilitate  purchasing. 

W.  S.  Haggott: — The  suggestion  to  number  the  sizes 
in  addition  to  giving  the  fractional  diameters  is  good 
and  there  will  be  no  trouble  in  doing  so  when  the  stand- 
ard is  printed  in  the  S.A.E.  Handbook. 

Mr.  Crane: — I  move,  as  an  amendment  to  the  motion 
for  adoption,  that  the  identification  of  this  list  of  grom- 
mets  by  suitable  numbers  or  letters  be  authorized  at  the 
time  that  it  is  published. 

(8)  Clips 
(June  issue  of  The  Journal,  p.  571) 

The  No.  22  gage  for  thickness  was  made  minimum, 
and  a  note  added  under  the  table,  which  reads,  "Clips 
shall  be  free  from  burrs  and  sharp  edges." 

THE   DISCUSSION 

F.  W.  Andrew: — At  a  meeting  of  the  Division  this 
morning,  it  was  decided  to  amend  the  report  by  specify- 
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LIGHTING   DIVISION    REPORT 

BASI     .    Sin    Kl   IS    ANl>    CONNECTORS 

{Jin  •  ■   fin.  Joi  kn  u  .  p.  580) 

NOMENCLATURE  DIVISION  REPORT 
19       RADIATOR    NfOMl  \i  1  Wl'RE 
{June  issue  of  THE  Journal,  /<.  581  I 

The  terms  under  "Group  2 — Radiator"  were  approved 
but  the  definitions  under  "Group  3 — Radiator  Core"  were 
referred  back  to  the  Division. 

PARTS    AND   FITTINGS   DIVISION    REPORT 

(.20)   Brake-Lining 

{June  issue  of  The  Journal,  i>.  581) 

The  fractional  negative  thickness  tolerance  for  the 
(4  and  5  16-in.  sizes  was  changed  so  that  it  was  expressed 
in  the  decimal  form. 

THE  DISCUSSION 

F.  G.  Whittington  : — It  is  a  matter  of  eliminating 
sizes  that  we  find  have  almost  eliminated  themselves  as 
far  as  professional  practice  is  concerned,  and  revising 
the  standard  to  include  sizes  that  are  being  used  ex- 
tensively and  did  not  appear  in  our  list. 

VICE-CHAIRMAN  C.  M.  Manly: — Gentlemen,  you  have 
heard  this  portion  of  the  report.  Is  there  a  motion  for 
its  adoption? 

.Mr.  CRANE: — I  move  its  adoption,  but  I  want  to  ask 
a  question  afterwards. 

[The   motion   was   seconded  | 

Mr.  Crane: — Has  the  Division  gone  as  far  as  I  think 
it  could  in  eliminating  overlapping  sizes? 

Mr.  Whittington: — The  sizes  in  the  report  were 
verified  by  three  brake-lining  manufacturers  at  the  last 
meeting  of  the  Parts  and  Fittings  Division,  in  whose 
opinion  the  sizes  listed  are  necessary  due  to  the  present 
and  for  brake-linings.  We  would,  of  course,  like  to 
eliminate  all  the  odd  sizes  we  possibly  can. 

Mr.  Jandus: — I  recall  that  there  were  real  reasons 
for  retaining  all  the  sizes  listed  when  the  report  was 
passed  by  the  Division. 

PRESIDENT  ALDEN:-  Why  are  the  negative  tolerances 
and  no  positive  tolerance  given  for  the  nominal  thick- 
ness? 

Mr.  WHITTINGTON: — Because  the  linings  will  almost 
always  run  under  rather  than  over  the  nominal  dimen- 
sions, due  to  the  method  of  manufacture. 

II.  C.  MOUGEY: — Why  express  the  tolerances  partly  in 
fractions  and  partly  in  decimals? 

Mr.  WHITTINGTON  :      We  could  change  that  to  decimals. 

VICE-CHAIRMAN  MANLY:  If  brake-lining  is  usually 
measured  with  micrometer  calipers  when  it  is  inspected 
the  tolerances  should  be  riven  in  decimals.  It  is  a  ques- 
tion of  trade  practice,  very  largely. 

MR,   CRANE:      I   would  like  to  move  an  amendment  to 
the  effed  that  the  Division  be  asked  to  make  a  further 
■  lining  sizes  with  the  idea  that  at  the  next  meet- 
ing of  the   Standards   Committee  they   may   be  able  to 
it  in  favor  of  cancelling  certain  of  the  sizes  given  in 
this  report. 

K.  S.  BURNETT:— This  report  is  in  the  nature  of  a 
downward  revision  of  the  present  standard,  10  sizes  hav- 
ing been  discontinued.  In  all  likelihood  when  the  Division 
make-  a  report  on  brake-lining  testing  it  will  take  another 
step  in  the  direction  that  Mr.  Crane  suggests. 
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(21)  Rod-End  Pins 

(June  issue  of  The  Journal,  p.  582) 

(22)  Cotter-Pins 

(June  issue  of  The  Journal,  p.  582) 

The  last  sentence  of  the  first  paragraph  of  the  intro- 
duction of  this  report  was  deleted. 

THE  DISCUSSION 

John  R.  Reyburn: — The  table  in  the  report  specifies 
no  cotter-pin  holes,  but  the  introduction  given  above 
implies  that  a  1/16-in.  cotter-pin  goes  in  a  1/16-in.  hole. 
I  question  whether  the  average  cotter-pin  will  do  so.  We 
make  a  pointed-end  type  of  cotter-pin  and  have  always 
specified  a  clearance  of  about  0.0025  in.  on  the  smallest 
size.  It  has  been  our  experience  that  that  is  rather  a 
minimum  clearance  and  that  for  the  average  cotter-pin, 
which  is  not  pointed,  a  larger  clearance  is  required.  1 
think  in  the  past  the  most  popular  clearance  for  that  size 
was  from  0.006  to  0.010  in. 

Mr.  BURNETT: — The  question  of  specifying  the  drill 
sizes  was  carefully  considered  by  the  Division.  The  old 
specification  listed  "drill  sizes."  This  specification  was 
purposely  prepared  without  any  reference  whatever  to 
drills,  the  drill  size  being  left  entirely  for  the  user  to 
select  according  to  the  clearance  that  he  wants  in  the 
hole. 

Leonard  Ochtman,  Jr.  : — It  says  here,  "In  submitting 
this  recommendation,  the  Division  contemplates  that  in 
case  the  report  is  approved,  all  other  S.  A.  E.  Standards 
and  Recommended  Practices  specifying  cotter-pins  will 
be  brought  into  agreement  with  this  proposed  revision." 
At  present,  as  I  recall,  all  of  the  standards  and  recom- 
mended practices  specifying  cotter-pins  specify  the  size 
of  the  hole. 

Mr.  Burnett: — All  of  the  standards  referred  to  are 
for  particular  applications.  The  proper  cotter-pin  sizes 
and  their  drill  sizes  will  be  selected  for  each  of  those 
particular  applications  and  so  specified  on  those  stand- 
ards. 

(23)  Felt  Specifications 

(June  issue  of  The  Journal,  p.  583) 

The  paragraph  midway  in  the  second  column  on  p.  583 
was  changed  to  read  "Unless  otherwise  specified,  all  of 
the  above  grades  of  felts,"  etc. 

(24)  License-Plates  and  Brackets 

(June  issue  of  The  Journal,  p.  584) 

2"> .  Taper-Fittings  with  Plain  or  Slotted  Nuts 

(June  issue  of  The  Journal,  p.  584) 

TRUCK  DIVISION  REPORT 

(26)  Motor  Truck  Cabs 

(June  issue  of  The  Journal,  p.  584) 

The  following  or  a  similar  footnote  was  added  under 
the  table  in  the  first  column  on  p.  585 : 

Inasmuch  as  the  light  duty  or  so-called  "speed 
wagon"  type  and  the  heavy  duty  type  of  trucks  are 
both  made  in  the  IVi-ton  rated  capacity  size  and 
equipped  with  either  general  class  of  cab,  the  selection 
of  cab  dimensions  is  optional  as  indicated  in  the  accom- 
•  panying  table. 

THE  DISCUSSION 

Mr.  Crane:— Does  the  report  intend  that  the  lH-ton 
size  come  under  both  classes? 

MR.  BURNETT: — The  Division  prepared  the  report  that 
way  purposely  because  it  felt  that  very  many  trucks  of 


the  speed-wagon  type  and  the  heavy-duty  type  are  built 
in  the  l^-ton  size,  and  wanted  to  leave  the  selec- 
tion of  either  type  of  cab  mounting  open  on  the  lH-ton 
size. 

MR.  Scajfe: — At  just  about  the  114-ton  size  there 
is  not  a  very  clearly  defined  line  as  to  what  is  a  1%  or 
a  2-ton  truck  at  the  present  time. 

F.  W.  Davis:— The  Division  felt  very  definitely  that 
there  are  two  types  of  l1 2-ton  trucks.  One  is  the  speed- 
wagon  type  to  which  Mr.  Burnett  has  made  reference. 
The  other  is  the  heavy-duty  truck.  Both  types  of  cab 
are  fitted  to  that  capacity  vehicle.  It  was  purposely  in- 
tended to  include  both  the  smaller  and  the  larger  sizes 
as  applicable  to  that  size  of  vehicle. 

Vice-Chairman  Manly: — It  may  be  well  to  add  a 
footnote  stating  that  it  is  recognized  as  common  practice 
in  the  truck  field  to  use  either  cab  size  on  the  l^-ton 
size   and  that  it  is  so  specified  intentionally. 

STATIONARY-ENGINE  DIVISION  REPORT 
(27)   Stationary-Engine  Crankshafts 

(June  issue  of  The  Journal,  p.  585) 

(28)  Stationary-Engine  Belt-Speeds 

(June  issue  of  The  Journal,  p.  585) 

UNACCEPTED  RECOMMENDATIONS 

The  following  reports  were  referred  back  to  the  re- 
spective Divisions  for  further  consideration  toward  pre- 
senting them  again  at  the  Standards  Committee  Meeting 
next  January. 

AXLE    AND   WHEELS    DIVISION 
Front-Wheel  Mountings 

The  last  three  columns  of  Table  2  and  footnote  1  on 
p.  566.  [The  discussion  of  this  subject  will  be  found  on 
p.  79.] 

ENGINE  DIVISION 
Engine  Testing  Forms 

This  report,  which  was  printed  in  the  June  issue  of 
The  Journal  on  p.  573,  was  referred  back  to  the  Engine 
Division  to  consider  several  changes  suggested  in  the 
discussion  of  the  report. 

THE  DISCUSSION 

Mr.  BURNETT: — The  report  on  Engine  Testing  Forms 
is  a  revision  of  the  present  standard  which  has  been 
contemplated  for  some  time.  It  was  completed  about  a 
year  and  a  half  ago,  as  I  recall  it,  but  was  held  up  pend- 
ing the  report  of  the  Lubricants  Division  on  crankcase 
oil  specifications,  the  temperatures  of  the  tests  being  in 
question.  The  Lubricants  Division  has  since  made  its 
report  which  has  been  adopted  by  the  Society,  and  the 
engine  testing  forms  have  been  changed  to  conform  with 
that  report.  The  few  proposed  changes  and  additions 
to  the  present  forms  and  sheets  as  included  in  this  report 
are  submitted  as  a  revision  of  the  present  standard  to 
bring  it  up  to  date. 

Herbert  Chase: — The  item  at  the  end  of  the  recom- 
mendation refers  to  the  change  in  the  ordinates  for  fuel 
consumption  to  read  from  0.5  to  1.5  lb.  per  b.hp-hr.  so 
that  four  ordinate  lines  will  represent  0.1  lb.  per  b.hp-hr. 
It  is  very  inconvenient  to  have  four  ordinate  lines  repre- 
senting any  even  number  because  fractional  parts  are  not 
easy  to  read  along  a  curve.  Also,  as  these  forms  provide 
for  a  test  at  light  loads  the  fuel  consumed  in  pounds 
per  brake  horsepower-hour  is  likely  to  exceed  1.5  lb.  es- 
pecially at  very  light  loads,  and  I  think  on  that  account 
the  ordinates  on  this  curve  should  not  be  limited  to  1.5. 
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Ml  -Mr.  Burnett  properly  mentions  the  fact 
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There  are  good  reasons  for  that,  of  course. 
ilty  that  I  see  with  the  average  engine  test 
ped  lines  of  full-load  per- 
formance which  is  a  condition  of  service  that  is  seldom 
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recording  of  data  at  part  load,  it  is  very  apt  to  be 
:  joked  entirely.    It  is  really  more  important  in  many 
han  the  full  load. 
Mr.  Ochtman: — On  specification  Sheet  B,  it  recom- 
iding  as  item  32  some  of  the  properties  of  the 
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the  head  of  the  log  sheet  for  some  of 
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lit  might  be.  Some  engines  with  defective  heal 
tribution  would  show  distinctly  better  performance  at 
high  than  at  low  temperature.  Using  this  form  of  test 
ami  operating  at  high  temperature  and  correcting  back 
might  indicate  an  apparently  much  better  performance 
than  could  actually  be  got  under  those  conditions. 
Vice-Chairman    Manly  :    Would    it    not    be  a   «. 

thing  to  draw  attention  to  the  fact   that   these  tests  have 
Keen  made  at  a  particular  temperature  and  that  there  is 

sibly  a  marked  difference  in  performance  at  diffi 
temperatures'.'     Snap  decision  would  not   then  be  made 
in  comparing  engines  without  checking  up  to  make  sure 
of  their  performance  at  variou  ratures. 

Ml.  (RAM.:     If  anybody  wants  to  know  what  an  en- 
gine will  do  at  a  given  temperature,  the  safest  tiling  to 
■   at   that  temperature. 

VICE-CHAIRMAN  Manly:  It  might  lie  a  good  plan 
in  connection  with  the  testing  forms  to  call  attention  to 
the  fact  that  the  mere  test  at  a  particular  temperature  is 
not  in  any  way  conclusive  as  to  how  the  engine  will  per- 
form at  any  other  temperature. 

MR.  CRANE: — It  might  be  desirable  to  add  a  footnote 
to  the  effect  that  on  multiple-cylinder  engines  this  cor- 
rection for  temperature  is  frequently  very  misleading. 

.Mr.  CHASE : — Is  it  really  significant  in  regard  to  test- 
ing the  engine  as  to  just  what  the  viscosity  of  the  oil 
is  at  the  standard  temperature  conditions?  They  are 
not  necessarily  the  temperature  conditions  of  the  oil  that 
is  lubricating  the  engine  at  the  time,  and  it  is  the  viscosi- 
ty of  that  oil  which  has  a  bearing  on  the  test  results. 

NOMKNCLATURE  DIVISION 
Radiator  Nomenclature 

In  the  report  of  the  Nomenclature  Division  on  Radiator 
Nomenclature,  as  printed  on  p.  581  of  the  June  issue  of 
The  Journal,  the  Group  3-Radiator  Core  definitions 
were  referred  back  to  the  Radiator  Division. 

THE   DISCUSSION 

Mr.  Ochtman: — Under  "ribbon  cellular  core"  at  the 
end  of  the  definition,  it  states  "water  passage."  To 
bring  this  in  conformity  with  the  rest  of  the  definition 
it  should  be  changed  to  "fluid  passage." 

Mr.  CHASE:  I  would  like  to  suggest  that  the  word 
"fluid"  be  eliminated  in  favor  of  "water,"  because  the 
definition  refers  essentially  to  water  types,  the  fluid  in 
practically  every  case  being  water  or  largely  water.  I 
think  the  general  term  "fluid"  should  be  omitted  as  it 
can  be  interpreted  under  certain  conditions  as  meaning 
a  gas. 

Mr.  W'HITTINGTON: — Inasmuch  as  gases  are  also  fluids, 
why    not    have    this    definition    read   "liquid"    instead    of 
"water"   or   "fluid"? 

VICE-CHAIRMAN  Manly:  I  think  it  was  the  idea  of 
the  Division  that  the  word  "fluid"  being  the  broader  term 
should  be  used,  and  I  think  it  is  entirely  right  so  far  a 
the  nomenclature  ig  concerned.  Has  there  been  any  rea- 
brought  out  why  they  want  to  separate  a  water 
radiator  from  an  oil  radial 

MR.   BURNETl  :-    No. 

MR.  SCAIFE :— Inasmuch  as  radiators  are  also  used 
for  steam,  it  seems  to  me  that  the  word  "fluid"  would 
be  in  place.     Liquid  or  water  would  not  apply  to  steam.. 

Mi;.  ( n  ere  originally  framed 

■1  by  the  Staff  of  Automotive  Industries,  and 
they  were  three  in  number  instead  of  four.    The  matter 
was  referred  to  the  Radiator  Division  and  the  deflnit 
that  are  hi  iopted  by  1  he  Division. 

I    |  :    from   the   start  of   this   subject  that   the 
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reason  for  this  nomenclature  is  to  make  clear  the  dif- 
ference between  the  types  of  core.  I  believe  that  the 
present  definitions  do  not  correctly  define  the  cores  as 
they  are  today,  and  that  they  admit  of  considerable  con- 
fusion, especially  the  second  definition. 

I  maintain  that  this  definition  applies  equally  well 
to  the  third  type  as  defined  here,  for  the  reason  that  at 
least  in  some  types  of  ribbon  cellular  core,  so-called,  they 
consist  of  an  assembly  of  fluid  tubes  of  several  different 
cross-sectional  forms,  the  tubes  being  joined  together 
by  radiating  fins  or  plates  common  to  all  the  tubes. 

I  have  brought  this  matter  to  the  attention  of  the 
Division  and  I  have  yet  to  receive  a  satisfactory  reply  to 
this  particular  objection.  The  original  suggestions  on 
this  nomenclature  did  make  it  distinct  and  clear  as 
between  the  two  types.  While  I  am  not  making  a  plea 
necessarily  for  the  original  suggestions,  I  do  say  that 
the  nomenclature  adopted  should  make  it  absolutely  clear 
which  type  is  referred  to. 

If  you  accept  the  word  "fluid,"  I  have  no  great  ob- 
jection, but  I  do  object  to  the  term  "passages"  when 
tubes  are  meant.  An  assembly  of  passages  means  little 
more  than  an  assembly  of  holes,  and  one  expression  would 
be  as  nearly  correct  as  the  other.  I  maintain  that  this 
type  of  core  is  formed  of  tubes  just  as  the  other  types 
are. 

The  continuous  fin  and  tube  type  core  is  defined  as 
"an  assembly  of  fluid  tubes  of  any  cross-sectional  form, 
the  tubes  being  joined  together  by  radiating  fins  or 
plates  common  to  all  the  tubes."  Some  of  the  continuous 
fin  and  tube  types  are  formed  in  groups  of  say  six  tubes. 
They  are  not  continuous  plates,  however,  and  I  think 
there  need  be  no  distinction  between  the  individual  and 
the  continuous  fin.  If  a  distinction  is  to  be  made,  it 
should  at  least  cover  all  present  types  that  are  now  in 
general  use. 

The  definitions  do  not  adequately  cover  the  aircraft 
form  of  radiators,  but  refer  chiefly  to  the  types  used  on 
passenger  cars,  trucks  and  tractors. 

W.  P.  Kennedy  : — I  am  not  a  member  of  the  Radiator 
Division,  but  I  do  not  think  there  would  be  any  strong 
objection  to  leaving  these  definitions  as  they  are  with 
the  prospect  of  interjecting  others.  One  thing  that 
occurs  to  me  that  is  wrong  here  is  with  reference  to 
where  the  plate'  is  common  to  all  tubes.  Very  few  radi- 
ators are  constructed  where  the  plate  is  common  to  all 
the  tubes. 

Mr.  Chase: — I  think  the  matter  should  be  referred 
back  and  these  differences,  which  can  be  easily  brought 
together,   straightened   out. 

MR.  Kennedy: — Mr.  Chase  seems  to  think  there  is  no 
differentiation  between  the  two  paragraphs.  I  think 
if  they  are  read  carefully  they  will  stand  out  as  dis- 
tinctly different. 

Mr.  Chase: — I  do  not  mean  to  say  that  there  is  no 
differentiation.  I  do  say  that  the  second  definition  covers 
distinctly  the  following  one.  In  other  words,  if  a  con- 
tinuous fin  and  tube  core  is  defined  in  the  way  that  it 
is  defined  in  the  report,  it  at  the  same  time  defines  at 
least  some  types  of  ribbon  cellular  cores. 

The  primary  reason  for  this  nomenclature  was  to 
make  a  distinction  between  these  types  that  are  essen- 
tially very  similar,  and  if  this  distinction  is  to  be  made, 
we  should  know  when  we  speak  of  a  continuous  fin  and 
tube  core  we  mean  what  is  generally  understood  to  be 
that,  and  not  something  else  that  comes  under  the  defini- 


tion. The  difficulty  now  is  that  two  things  are  defined  by 
the  same  definition. 

Mr.  Crane: — My  point  of  view  on  this  discussion  is 
that  the  Division  could  work  on  this  for  a  year  and  not 
produce  a  set  of  definitions  that  would  not  be  open  to 
misconstruction  by  the  average  engineer.  If  you  asked 
him  to  tell  you  to  which  class  a  given  radiator  belonged, 
and  then  asked  the  same  thing  of  another  engineer,  they 
would  almost  invariably  put  it  in  different  classes.  That 
will  always  be  the  way  with  anything  that  merges  from 
one  form  into  another  the  way  the  modern  commercial 
radiator  does. 

Mr.  Chase: — The  fourth  definition  is  the  only  one 
that  is  not  open  to  serious  criticism,  as  I  see  it.  The 
first,  second  and  third  are  incorrect  from  my  point  of 
view  for  the  reason  that  they  overlap  more  or  less  and 
are  open  to  the  trouble  Mr.  Crane  mentioned.  The  fact 
that  today  one  engineer  will  call  a  radiator  a  fin  and 
tube  type  and  another  will  call  it  the  cellular  type  is 
the  very  point  I  make.  The  reason  for  this  is  that  there 
is  at  present  no  standard  definition.  Unless  the  defini- 
tions can  make  such  a  distinction,  and  I  believe  they  can, 
we  might  just  as  well  not  have  them. 

Attendance  at  Meeting 
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H.  G.  Wilson 
J.  F.  Winchester 
W.  Wolfe 
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Engineers  Load  in  Army  Intelligence 

Tests 


Twere  devised  during 
:id  intelli- 
og  for  executive  p 
uld  derive  the  maximum  benefit  from 
did  not  attempt  to  meas- 
•r  specific    information.    They 


relation  between  intelligence  and  occupation  in  the 

■  men.  was  taken  from  a  report  of  the  office  of 
the  Surgeon  General  of  the  Army.  Using  the  D-A  scale 
at  the  top  of  the  chart  as  a  basis  of  comparison,  the 
length  of  the  heavy  line  following  the  title  of  each  occu- 
pation   indicates    the   range   of    intelligence   of    the   men 


i  OCCUPA1  IONS 


.nd  the   I  en    in 

C,  C— ,  D,  U-,  K. 

>mmon-sense. 

.  r.g  chart,  giving  in  graphic  form  the 


engaged  in  it,  while  the  short  vertical  line  cutting  the 
horizontal  line  shows  the  intelligence  of  the  average 
man  in  each  occupation.  It  will  be  observed  that  dif- 
ferent occupations  show  different  degrees  of  intelligence 
and  that  the  class  which  holds  highest  rank  in  order  of 
intelligence  Ls  that  of  "engineer  officer." 


WHAT  "OUGHT"  TO  BE  DONK 


Air  the  pro- 
What  Idea  u  ba 

is  an  idea  that  the  society 
bav- 

• 

thou.  '.'. 

■  f  his  society   and   his    pro- 


itead  of  "they,"  and  realize  that  he  is 
speaking  and  thinking  of  a  group  of  individuals  and  not  an 
abstract  "it"  or  "they,"  the  advancement  of  the  profession 
through  society  efforts  will  be  certain  Before  the  engineer 
can  changi  greatly  he  must  think  and  act  as  a 

.11  engii r.— From  a  report  of  a  commit- 

(  the  Iowa  Engineering  Society. 
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Winter  Tests  Show  Lower  Mileage  writh 

Heavy  Fuels 

By  Dr.  H.  C.  Dickinson1  and  John  A.  C.  Warner2 


Semi-Annual  Meeting  Paper 


Illustrated  with  Diagrams 


SINCE  the  road-service  tests  of  the  four  special  fuels 
supplied  by  the  Research  Department,  made  under 
1922  summer-weather  conditions,  gave  results  that 
were  deemed  inconclusive,  arrangements  were  made 
for  a  repetition  of  both  series  of  tests  under  the  winter- 
weather  conditions  of  1923  to  determine  whether  the 
relative  fuel  mileages  for  different  fuels  are  dependent 
on  the  temperature  at  which  car  operation  is  conducted. 
The  paper  is  a  report  upon  the  results  obtained. 

Four  fuels  that  bore  a  relation  to  those  used  in  the 
1922  summer  tests  were  specified  and  means  adopted 
whereby  knowledge  of  their  quality  was  concealed  from 
the  drivers,  special  emphasis  being  placed  on  crank- 
case  dilution  and  on  general  performance  as  reflected 
by  the  drivers'  comments.  The  method  of  test  was, 
for  the  most  part,  that  of  the  summer  of  1922,  with 
cars  operated  as  usual  by  their  regular  drivers,  the 
filling  with  fuel  and  oil  and  the  keeping  of  records 
being  wholly  in  charge  of  the  technical  staff  of  the 
company  concerned. 

The  details  of  procedure  are  presented,  together 
with  voluminous  tabular  data,  and  comment  is  made. 
A  consistent  and  important  decrease  in  mileage  for  the 
winter  tests  is  apparent.  The  conclusions  reached  are 
stated  in  detail,  as  a  summary,  under  six  divisions. 

LAST  Summer  10  companies  ran  road-service  tests 
of  four  special  fuels  specified  by  the  Research 
■A  Department  and  supplied  by  two  petroleum  refin- 
ing companies,  to  determine  the  effect  of  fuel  volatility 
on  the  average  mileage  per  gallon  of  fuel,  under  normal 
service  conditions.  These  results  were  reported  at  the 
1923  Annual  Meeting  of  the  Society  as  part  of  the  gen- 
eral research  program  in  which  the  Society  is  cooperating 
with  the  National  Automobile  Chamber  of  Commerce,  the 
American  Petroleum  Institute  and  the  Bureau  of  Stand- 
ards, and  have  been  reported  from  time  to  time  in  The 
Journal.3 

The  reports  of  the  tests  run  by  the  companies  under 
summer  weather  conditions  showed,  as  did  the  Bureau 
of  Standards  tests,  the  unexpected  result  that  volatility 
of  fuel  within  the  range  tested  had  no  appreciable  effect 
on  the  fuel  consumption  per  mile,  but  did  have  a  marked 
effect  on  crankcase  dilution,  the  heavier  fuels  being  far 
worse  in  this  respect  than  the  lighter  ones. 

It  was  generally  agreed,  after  the  presentation  of  the 
results  by  the  Bureau  of  Standards  and  those  of  the 
service  tests  of  the  10  companies  by  the  Research  De- 
partment, that  such  tests  run  under  summer  weather 
conditions  were  inconclusive  as  regards  year  round  oper- 
ation when  common  experience  indicates  that  heavier 
fuels  are  more  difficult  to  handle  in  winter. 

Arrangements  were  therefore  made  immediately  after 
the  Annual  Meeting  for  a  repetition  of  both  series  of 
tests    under    winter    weather    conditions    to    determine 


1  M.S.A.E. — Manager  of  research  department,  Societv  of  Auto- 
motive Engineers,   Inc.,    New  York  City. 

:  Assistant  manager  of  research  department.  Society  of  Auto- 
motive Engineers,   Inc..  New  York  City. 

3  See  The  Journal,  January,  1923.  pp.  3  and  IIS  :  also  February, 
1923.  p.  139. 
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Fig.  1 — Distillation  Curves  of  the  Four  Fuels  Used  by  the  10 

Automobile  Companies  and  of  the  B  and  D  Fuels  Used  in  the 

Bureau  of  Standards  Tests 

whether  the  relative  fuel  mileages  for  different  fuels  are 
dependent  on  temperature  of  operation  and,  if  so,  to  what 
extent. 

To  repeat  the  series  of  tests  by  the  several  companies 
required  all  possible  speed  in  making  preparations  and 
securing  the  necessary  supplies  of  special  fuels.  The  co- 
operation of  the  American  Petroleum  Institute,  of  the 
Atlantic  Refining  Co.  and  of  Cosden  &  Co.  made  it  pos- 
sible to  get  fuels  supplied  to  the  10  companies  that 
agreed  to  run  the  tests,  in  time  to  complete  the  work 
before  warm  weather  came.  The  universally  late  spring 
this  year  is  to  be  credited  with  part  of  the  success  in  this 
respect. 

Fuels 

A  discussion  of  the  summer  tests  by  the  committee  in 
charge  of  the  general  fuel-research  program  resulted  in 
a  request  by  the  refiners  that  the  winter  tests  be  arranged 
so  as  to  make  possible  a  comparison  of  the  behavior  of 
fuels  with  different  initial-points  as  well  as  those  with 
different  end-points.  Accordingly,  it  was  decided  to  spe- 
cify four  fuels  having  the  following  relation  to  those  used 
in  the  Summer  tests:  one  fuel  identical  with  fuel  B;  one 
identical  with  fuel  D ;  one  with  the  same  90-per  cent 
point  as  B  but  with  a  lower  10-per  cent  point;  and  a 
fourth  with  the  same  90-per  cent  point  as  D  and  with  the 
10-per  cent  point  like  that  just  mentioned.  Further  dis- 
cussion developed  the  opinion  that  only  very  moderate 
changes  in  initial-point  are  practicable.  The  four  fuels 
finally  delivered  did  not  meet  the  specifications  as  nearly 
as  was  desired  but  had  to  be  used  for  lack  of  time  to  have 
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.he  Tbst 
'..   The  distillation  curves  of  these  fuels  are 

planning  the  new  series  of  tests  special  emph. 
was  laid  on  crankcase-oil  dilution  and  on  general  perform- 
ance as   reflected   by   the  comments   of  the  drivers.    In 
r  that  such  comments  may  have  any  real  significance, 

..ry  to  eliminate  any  possi- 
bility of  prejudice  on  the  part  of  the  driver,  as  the  best 
observer  in  the  world  cannot  avoid  some  degree  of  preju- 
dice if  he  has  previous  knowledge  of  what  is  to  be  ex- 
pected. Some  plan  was  necessary,  therefore,  by  which 
the  four  test-fuels  could  be  identified  without  giving  the 
hint  as  to  their  characteristics.  For  this  pur- 
pose the  symbols  .  .  1 1  and  A  were  used  as  shown  on 
the  foregoing  figure.  This  system  of  symbols,  together 
the  fact  that  in  general  the  distillation  curves  of 
the  fuels  were  not  sent  out  until  the  tests  were  practically 
completed,  and  distillation  curves  were  not  made  by  the 
ral  companies  until  the  tests  were  completed,  make  it 
safe  to  assume  that  the  opinions  expressed  by  the  drivers 
are  entirely  free  from  any  preconceived  ideas  as  to  the 
fuel  characteristics,  and  are  a  reliable  index  to  perform- 
ance, so  far  as  they  go. 

The  engineers  of  the  several  companies  were  asked  to 
keep  a  record  of  the  oil  consumption  as  well  as  of  the 
fuel  consumption,  and  to  send  samples  of  fuel,  of  new 
oil  and  of  used  oil  from  each  car  at  the  end  of  each 
week's  operation  to  the  Bureau  of  Standards  for  test, 
number  of  these  samples  being  over  200,  only  a  part 

iable  and  the  present 
report  is  incomplete  in  this  respect. 
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The  method  of  carrying  through  this  program  was  the 

same  U  for  thai  of  last  summer  except  as  noted  above, 
that  is  to  Bay,  for  the  most  part  tlio  cars  were  run  in 
groups  of  4,  8,  or  12.  They  were  selected  from  among 
those  driven  by  employes  of  the  companies,  either  as 
owner-drivers  or  regularly  employed  drivers  in  the  com- 
pany scrviie.  They  were  operated  as  usual  by  their  reg- 
ular drivers  without  any  special  reference  to  the  test 
under  way,  except  that  the  tilling  with  fuel  anl  oil  and 
the  keeping  of  records  was  handled  entirely  by  the  tech- 
nical staff  of  the  company.  In  each  case,  the  group  of 
cars  was  divided  into  four  units  of  one,  two,  or  three 
cars  each,  and  each  unit  operated  on  each  of  the  four 
test-fuels  for  one-week  intervals,  the  test  thus  requiring 
four  weeks  with  the  schedule  so  arranged  that  all  fuels 
were  in  use  at  all  times  in  an  equal  number  of  cars,  and 
that  every  car  used  each  of  the  four  fuels  during  the 
series.  One  company  used  a  slightly  modified  form  of 
this  schedule  that,  however,  accomplishes  the  same  result 
of  eliminating  so  far  as  possible  the  effects  of  changes 
in  weather  and  in  individual  characteristics  of  cars  and 
drivers  from  the  final  averages,  as  was  explained  in  the 
report  made  last  winter. 

Figs.  2  and  3  illustrate  the  arrangement  of  the  forms 
used  for  the  tabulation  of  data  in  the  summer  tests; 
the  data  sheets  for  the  winter  tests  were  substantially 
the  same,  with  the  exception  of  fuel  and  car  designations. 

Companies  Making  Tests 

The  ten  companies  listed  below  cooperated  in  the 
tests.  The  results  from  one  company  have  not  yet  been 
received  by  the  Research  Department,  and  those  from 
one  other  firm  were  not  obtained  nearly  enough  in  con- 
formity with  the  generally  adopted  and  recommended  pro- 
cedure to  warrant  their  inclusion  in  the  report. 

Autocar  Co. 

Buick  Motor  Co. 

Dodge  Bros.,  Inc. 

Ford  Motor  Co. 

Hupp  Motor  Car  Corporation. 

International  Harvester  Co. 

Packard  Motor  Car  Co. 

Stromberg  Motor  Devices  Co. 

Studebaker  Corporation  of  America. 

Waukesha  Motor  Co. 

Results 

The  mileages  covered  by  the  different  cars  during  each 
week  of  the  test  were  distributed  as  shown  in  Table  1, 
the  greatest  number  of  car-week  mileages  ranging 
between  100  and  199.  The  total  mileage,  50,136,  was  ob- 
ed  from  226  test  periods.  The  shortest  run  was  39.8 
miles,  the  longest  1,014.0  and  the  average  222.0. 

TABLE  1 — MILEACE  DISTRIBUTION   IN  TEST  RUNS 
Distance,  Number 


Miles 
■  !»9 
100-199 
200-2:t:> 
800-899 
400-499 
600-699 

eoo-oy.i 

700- 
800-899 

1000-1014 


of  Runs 
30 
108 
40 
20 
13 
10 

2 

1 

1 

1 


Werxi.T  Recocd  Foum  or  Trm 


Table  2  gives  the  miles  and  ton-miles  per  gallon  for 
each  of  the  cars  for  each  of  the  four  fuels.  The  group 
averages  are  indicated,  and  the  grand  average  for  each 
fuel  is  to  be  found  at  the  bottom  of  the  proper  column. 
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TABLE  2— 

MILEAGE  AND  TON-MILEAGE   PER   GALLON   OP     GASOLINE 

Carbu- 

Ton- 

Miles 

per  Gallon 

Carbu- 

Ton-Miles 

per  Gallon 

reter 

of  Gasoline 

reter 

of  Gasoline 

Adjust- 

(Load of 

300   lb 

.  for 

Adjust- 

(Load 

300  It 

.  for 

Miles 

Dn 

ments 

passengers 

Miles 

passengers 

of  Ga 

soline 

Made 

assumed) 

of  Gasoline 

Made 

assumed) 

Fuels    □ 

X 

O 

J 

□ 

X 

O 

A 

Fuels    □ 

X 

O 

A 

□ 

X 

O 

A 

Car  No. 

Car  No. 

1         11.1 

12.4 

14.5 

9 

18.3 

20.5 

23.9 

31          13.8 

13.6 

13.3 

13.3 

No 

22.8 

22.4 

22.0 

22.0 

2          12.9 

10.7 

11.2 

12.8 

9 

21.3 

17.7 

18.5 

jfl.2 

32          15.5 

15.1 

14.5 

16.2 

No 

25.6 

24.9 

23.9 

26.8 

3           16.4 

13.6 

13.5 

14.9 

7 

27.0 

22.4 

22.2 

24.6 

33          15.5 

15.5 

14.7 

14.3 

No 

25.6 

25.6 

24.2 

23.6 

4           12.4 

13.8 

11.6 

11.4 

? 

20.4 

22.S 

19.1 

18.8 

34          10.2 

9.2 

9.0 

8.0 

No 

24.0 

21.6 

21.2 

18.8 













. 



35          13.5 

15.2 

14.6 

15.3 

No 

22.3 

25.1 

24.1 

25.2 

Average  13.2 

12.6 

12.7 

13.0 

21.8 

20.9 

20.9 

21.5 

36  (o)  11.5 

10.7 

11.1 

11.4 

No 

5          13.8 

8.4 

15.5 

14.2 

9 

26.9 

16.4 

30.2 

27.7 

Average  13.8 

13.4 

12.9 

12.9 

24.5 

23.6 

22.8 

22.8 

6          11.3 

12.6 

11.9 

11.1 

9 

18.6 

20.8 

19.6 

18.3 

7          11.4 

12.0 

12.3 

11.9 

9 

18.8 

19.8 

20.3 

19.6 

37         11.0 

12.9 

12.0 

11.3 

Yes 

18.1 

21.3 

19.8 

18.6 

8          10.8 

10.9 

9 

17.8 

.... 

18.0 

38          14.7 

15.4 

16.5 

13.2 

Yes 

19.8 

20.8 

22.3 

17.8 













■ 



39          17.6 

19.2 

13.4 

15.6 

Yes 

25.6 

27.8 

19.4 

22.6 

Average  11.9 

11.0 

13.2 

12.2 

20.5 

19.0 

23.4 

20.9 

40          11  0 

16.6 

9.9 

10.7 

Yes 

16.5 

24.9 

14.8 

16.0 

41  (b)  11.4 

13.5 

12.4 

13.5 

Yes 

17.7 

20.9 

19.2 

21.0 

9         11.7 

10.1 

6.6 

10.4 

Yes 

17.7 

16.7 

11.0 

17.2 

^_^_ 

10         11.1 

11.4 

11.9 

12.4 

Yes 

18.3 

18.8 

19.6 

20.5 

Average  12.8 

16.1 

13.0 

13.1 

20.1 

23.7- 

19.6 

19.4 

11          11.9 

10.1 

11.9 

10.4 

Yes 

19.6 

16.7 

19.6 

17.2 

12          10.1 

10.9 

9.9 

14.4 

Yes 

16.7 

18.0 

16.4 

23.8 

42          13.8 

14.2 

15.6 

13.8 

Yes 

24.2 

24.9 

27.3 

24.2 

Average  11.2 

10.6 

10.1 

11.9 

18.1 

17.6 

16.7 

19.7 

43  11.0 

44  11.6 

10.4 
11.8 

9.9 
9.8 

9.8 
10.9 

Yes 

Yes 

19.3 
20.3 

18.2 
20.6 

17.3 
17.1 

17.2 
19.1 

13          11. S 

10.6 

9.2 

12.5 

Yes 

19.5 

17.5 

15.2 

20.6 

45          10.9 

10.6 

9.7 

9.7 

Yes 

19.1 

18.6 

17.0 

17.0 

14  6.9 

15  13.3 

7.8 
10.6 

8.0 

10.0 

8.5 
13.4 

Yes 
Yes 

11.4 
22.0 

12.9 
17.5 

13.2 
16.5 

14.0 
22.1 

Average  11.8 

11.7 

11.3 

10.8 

20.7 

20.6 

19.7 

19.4 

16          14.1 

9.4 

11  8 

10.0 

Yes 

25.4 

16.9 

21.2 

18.0 

. 















46          12.4 

12.9 

S.O 

9.7 

Yes 

20.4 

21.3 

13.2 

16.0 

Average  11.5 

9.6 

9.7 

11.1 

19.6 

16.2 

16.5 

18.7 

47            9.7 

9.8 

7.6 

10.6 

Yes 

16.0 

16.2 

12.5 

17.5 

48           11.7 

11.4 

10.9 

11.1 

Yes 

19.3 

18.8 

18.0 

18.3 

17          10.0 

12.1 

9.3 

13.2 

Yes 

16.5 

20.0 

15.3 

21.8 

49           11.1 

9.6 

9.9 

12.1 

Yes 

18.3 

15.6 

16.3 

20.0 

18            7.8 

15.4 

7.5 

8.9 

Yes 

12.9 

25.4 

12.4 

14.7 













. 



19            9.9 

10.5 

11.0 

11.2 

Yes 

16.3 

17.3 

18.2 

18.5 

Average  11.2 

10.9 

9.1 

10.9 

18.5 

18.0 

15.0 

17.9 

20          11.4 

8.0 

9.0 

10.2 

Yes 

18.8 

13.2 

14. S 

16.8 





■ 

■ 









50         19.9 

19.7 

18.8 

14.3 

Yes 

27.8 

27.6 

26.3 

20.0 

Average    9.8 

11.5 

9.2 

10.9 

16.1 

19.0 

15.2 

17.9 

51          16.8 

15.8 

14.5 

12.9 

Yes 

23.5 

22.1 

20.3 

18.1 

52          17.4 

15.2 

16.2 

15.6 

Yes 

24.4 

21.3 

22  7 

21.8 

21          18.5 

13.1 

17.7 

15.1 

Yes 

30.3 

21.6 

29.2 

24.9 

53          17.5 

18.3 

16.5 

17.2 

Yes 

24.5 

25.6 

23.1 

24.1 

22         15. n 

15.8 

20.5 

16.2 

Yes 

24.8 

26.1 

33.8 

26.7 





. 

23         in. 9 

12.7 

14.0 

18.7 

Yes 

18.0 

21.0 

23.1 

30.9 

Average  17.9 

17.3 

16.5 

15.0 

25.1 

24.2 

23.1 

21.0 

24          19.9 

15.7 

12.9 

10.4 

Yes 

32.8 

25.9 

21.3 

17.2 

25  15.9 

26  13.2 

14. S 
13.9 

18.9 
12.1 

12.0 
10.2 

Yes 
Yes 

26.2 

18.5 

24.4 
19.5 

31.2 
16.9 

19.8 
14.3 

54  10.6 

55  10.0 

8.9 
9.6 

17.4 
9.7 

6.7 
11.7 

9 
9 

9.5 
11.0 

8.0 
10.6 

15.7 

10.7 

6.0 

12  9 

Average  15.6 

14.3 

16.0 

13.8 

25.1 

23.1 

25.9 

22.3 

56  11.7 

57  10.0 

15.6 
12.4 

12.1 
14.0 

13.7 
12.1 

9 

12.9 
9.0 

17.2 
11.2 

13.3 
12.6 

15.1 
10.9 

27  15.5 

28  14.0 

14.0 
13.4 

12.4 
11.5 

13.7 
12.5 

Yes 
Yes 

22.4 
20.3 

20.3 
19.4 

18.0 
16.7 

19.9 

18.1 

Average  19.6 

Grand    

Average  12.8 
90  per  cent  r. 

11.6 

13.3 

11.1 

10.6 

11.8 

13.1 

11.2 

29  12.8 

30  12.6 

13.0 
12.3 

13.1 
12.6 

13  4 
14.4 

Yes 
Yes 

IS. 6 
18.3 

18.9 
17.8 

19.0 
18.3 

19.4 
20.9 

12.7      12.4     12.4 
oint.  deg  fahr. 

20.2 

19.9 

19.4 

19.5 

Average  13.7 

13.2 

12.4 

13.5 

19.9 

19.1 

18.0 

19.6 

362      375 

Average  Temperati 

420       430                      362       375       420 
re  deg.  fahr.   50   per  cent  to  97   per 

430 

cent 

(a)  Special  car. 

(b)  Values    combined    with    those    of   another    car    to    form 
group  of  four  for  average. 


on  Distillation  Curve 

315       328       380       378 
Grand  Average  Miles  per  Gallon  and  Ton-Miles  per  Gallon 

12.8      12.7      12.4      12.4  20.2     19.9      19.4      19  5 


315       328       380      378 


From  the  grand  averages  it  is  noted  that  the  fuels  fall 
into  two  groups,  []  and  X.  and  0  and  A,  according  to 
mileage  and  less  definitely  so  for  ton-mileage.  The  grand 
average  for  miles  per  gallon  on  □  and  X  fuels  exceeds 
that  for  0  and  A,  the  less  volatile  pair,  by  approximately 
2.8  per  cent.  In  ton-mileage,  the  excess  of  the  more- 
volatile  over  the  less-volatile  pair  amounts  to  approxi- 
mately 3.1  per  cent. 

The  agreement  as  to  grouping  and  relative  position 
between  volatilities  and  both  mileage  and  ton-mileage 
pairs  is  of  interest.  The  agreement  also  holds  for  the 
values  of  average  volatility  between  the  50-per  cent  and 
97-per  cent  points  of  the  distillation  curves  as  can  be  seen 
by  referring  to  bottom  of  Table  2  and  to  Fig.  1. 

While  the  differences  in  grand  averages  of  mileage  and 
ton-mileage  are  not  very  great  for  the  different  fuels, 
yet  the  remarkable  consistency  between  these  averages 
and  the  fuel  volatilities  as  shown  at  the  bottom  of  Table 
2  presents  substantial  evidence  that  the  average  fuel- 
consumption  increases  with  decreasing  volatility  under 
winter  conditions. 

This  conclusion  is  drawn  in  spite  of  the  fact  that  the 
individual  group  averages  are  not  in  all  cases  in  accord 
with  the  grand  averages.  This  is  to  be  expected,  con- 
eidering  the  fact  that  some  of  the  tests  were  run  without 
any  readjustment  of  the  carbureter,  since  under  this  con- 
dition the  decreased  volatility  of  the  fuel,  as  shown  by 
the  summer  tests  of  the  Bureau  of  Standards,  increases 


the  mileage  at  the  expense  of  performance,  the  higher 
viscosity  of  the  less  volatile  fuels  increasing  the  air-fuel 
ratio. 

A  comparison  between  the  results  of  the  summer  and 
the  winter  fuel-tests  is  given  in  Table  3.  In  this  the 
group  averages  for  cars  of  a  given  make  and  model  run 
in  the  summer  tests  are  compared  with  group  averages 
of  the  same  or  similar  cars  of  the  same  make  and  model 
in  the  winter  tests.    For  simplicity  the  winter  averages 


table  3- 


Car  No. 
10,20 
9,18 
21,26 
27-30 
31-33 
42-45 
46-49 
50-53 


-COMPARISON    BETWEEN    SUMMER    AND    WINTER 
RESULTS  OF  MILES  PER  GALLON 

Average  Miles  Per  Gallon 
□  and  X      O  and  A      A,  B,  C,  D 


Average  of  Above  Values  13.2 
Grand    Average   of    All 
Values 


Wir 

iter 

Summer 

10.5 

10.9 

14.7 

11.3 

8.4 

13.8     ■ 

14.9 

14.9 

16.2 

13.5 

12.9 

16.6 

14.8 

14.4 

15.4 

11.8 

11.1 

13.5 

11.1 

10.0 

13.0 

17.6 

15.8 

17.3 

13.2 

12.3 

15.1 

12.7 

12.4 

14.8 

are  given  for  the  two  pairs  of  fuels,  while  the  summer 
averages  are  given  by  only  one  value  for  the  four  fuels. 
It  will  be  recalled  that  the  summer  tests  brought  out 
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tabu: 


-    s 


A  . 

for  All 

44 

44 

47 

1" 

per  gallon  for  the  four 

A  id  important  decrease  in  mileage  for 

rver  the  summer  tests  is  apparent,  the 

imnuntJng   t,i   approximately    IS   per 

the  grand  averages.     It  should  be  erapha- 

ire  for  cars  of  the  same  model 
and  in  a  majority  of  i  they  are  the  same  cai 

the  I  ■■    -:  hence  the  18-per  cent  in- 

•     ■'     in  may  be  taken  as  fairly  repre- 

I  in  average  servi 

Th-  .  ••  temperatures  during  the  test-  oi    several 

of  tl  riven  in  Tahle  4. 

r:  Adjustment 

Th-  '  '•    •■••  of  the  companies  made  no  refer- 

ence to  carbi.  tting;   it   is  assumed  that  no  special 

adju  were  made.     One  of  the  companies  stated 

that  the  its  group  of  cars  were  run  with  fixed 

igs.     Four  of  the  companies  reported  the  adjust- 
ment r  the  best  operation  with  the  fuel 
in  >.. 
The  m.               ed  by  one  of  the  four  was  to  have  the 
make  all  settings  with  the  object  of  obtain- 
ing maximum  power;  the  basis  was  to  require  that  the 
from  15  m.p.h.,  with  water  temperature  at 
ieg.  without  backfire.     One  company  found  it  neces- 
sary to  make  a  new  adjustment  for  each  grade  of  fuel 
to  obtain  the  same  idling  and  acceleration  perform. 
on  the  road.    A  third  company  adjusted  for  the  best  fuel- 
economy.  A  fourth  company  had  all  carbureters  adjusted 

■      have   the  mixture  sufficiently 

rich  so  that  after  running  a  distance  of  six  city  blocks 
the  car  would  accelerate  from  5  m.p.h.  without  missing 
or  lagg: 

OF   DBTVEBS 

Dr  of  the  companie.-  submitted  com- 

ment terizing  the  fuels  with  regard  to  then  gen- 

eral driving  qualities.    The  stateme  naming 

the  fuels  in  the  order  of  |-  nbled 

in  Table  '<  and  are  summarized  beF 

10  of  the   1  on  the  order  of  choice  first 

place  was  definitely  assigned  to    •     fuel,   while  one  was 


TA-                                             IMENTS   BASED   i  PON 

OBSEOT  M  II 

■           •   II  M:  M  'III. 

! 

Third 

11  th 

o 

r     (, 

D  1 

A  1 

0    dl 

0  (d) 

■d, 

o  In 

Oorf    (<-) 

rO  (e) 

■     I 

□  • 

undecided   between     •     and   A;  was   mentioned   in   two 

3,  Thus.  X  fuel  appeared  for  first  place  in  11  of  the 
18  reports.  For  second  choice  seven  of  18  reports  defi- 
nitely assigned  second  place  to  A  fuel,  while  one  was  un- 
divided between  A  and  Xl  C  was  mentioned  in  three 
in  two.  Thus,  A  fuel  figured  as  second 
choice  in  eight  of  the  13  reports.  Four  of  the  12  reports 
definitely  assigned  third  place  to  fuel,  while  three  were 
undecided  between  □  and  0;  A  was  mentioned  in  two 
3,  and  0  in  one;  A  and  O  were  tied  for  third  place 
in  two  reports.  Thus,  fuel  appeared  in  seven  of  the 
12  reports.  For  fourth  choice  seven  of  the  13  reports 
definitely  assigned  fourth  place  to  O  fuel,  three  were  un- 
decided between  0  and  □,  and  two  between  O  and  A: 
was  mentioned  in  one  report.  Thus,  O  appeared  for 
fourth  choice  in  12  of  the  13  reports. 

In  attempting  then,  to  summarize  the  drivers'  order 
of  preference  as  based  on  the  general  driving  merits  of 
the  fuels,  it  seems  reasonable  to  assign  first,  second, 
third,  and  fourth  place  to  .A,  .  and  0  fuels  in  the 
order  named.  It  is  seen  that  the  two  extremes  are  very 
definitely  decided,  while  the  intermediate  choices  are 
more  scattered. 

Several  of  the  drivers  gave  more  specific  opinions  as 
to  the  starting,  acceleration  and  power  characteristics. 
These,  in  general,  indicate  agreement  with  the  order  of 
preference  above  stated.  Extracts  from  several  reports 
are  given  below  in  Table  6. 

Referring  to  the  distillation  curve  shown  in  Fig.  1,  it 
is  interesting  to  note  that  the  order  of  preference  fol- 
lows the  order  of  volatilities  from  the  14-per  cent  point 
to  the  20-per  cent  point  of  the  curves.  This  range  ap- 
pears to  determine  the  starting  and  acceleration  charac- 
teristics. The  order  of  preference  is  largely  determined 
by  starting  characteristics,  and  relatively  small  differ- 
ences in  volatility  in  this  range  have  a  marked  effect. 

Crankcase-Oil  Dilution 

Samples  of  the  new  and  used  oils  were  sent  to  the 
Bureau  of  Standards  for  test.  The  results  of  these  tests, 
so  far  as  completed  to  date,  covering  22  of  the  cars  are 
shown  in  Table  7  arranged  according  to  groups  and  car 
numbers. 

As  in  the  summer  tests,  the  dilution  is  found  to  in- 
crease in  general  as  the  volatilities  decrease.  The  0 
and  A  fuels  are  substantially  the  same.  These  two  fuels 
have  the  same  80-per  cent  point  on  the  distillation  curve 
and  the  relative  volatilities  reverse  at  this  point.  Fur- 
thermore, it  is  to  be  noted  that  C!  and  X  and  O  and  A, 
are  grouped  roughly  in  pairs  and  that  the  dilution  for 
the  lest  volatile  pair,  O  and  A,  exceeds  that  for  the  more- 
volatile  pair,  □  and  X.  by  approximately  43  per  cent. 

The  Sayboll  viscosities  of  the  samples  of  used  oil  are 
also  given  in  Table  7.     The  grand  averages  run  125,  115, 
K2,  and  «i  gee.  for  fuels  Q  X.  0.  and  *•>  respectively. 
Conclusions 

Twelve  of  the  larger  companies,  in  cooperation  with 
the  Research  Department  of  the  Society  of  Automotive 
Engineers,  in  carrying  through  the  two  series  of  fuel- 
consumption  tests  last  summer  and  last  winter,  have 
lied  a  result  that  could  scarcely  have  been  se- 
cured  in  any  other  way,  and  have  demonstrated  the  prac- 
of  such  joint  action  on  problems  that  are  of 
sufficient  importance  to  the  industry  as  a  whole  to  war- 
rant the  expenditure  of  the  very  moderate  amount  of 
time  and  money  involved  by  each  of  several  companies. 

The  two  series  of  tests,  including  observations  cover- 
ing nearly  500  car-weeks  of  driving  under  summer  and 
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winter  conditions,  with  the  observations  arranged  to 
eliminate  so  far  as  possible  the  effects  of  weather  and 
individual  differences,  afford  a  most  reliable  basis  for 
conclusions  as  to  the  behavior  of  different  fuels  in  the 
hands  of  the  average  driver. 

So  far  as  mileage  alone  is  concerned,   under  summer 
conditions  there  is  no  important  difference  between  the 


average  mileages  secured  per  gallon  of  fuel,  as  between 
the  fuels  tested. 

Under  winter  conditions  there  is  a  small  but  definite 
increase  in  average  fuel-consumption  of  about  30  per  cent 
accompanying  an  increase  of  about  55  deg.  in  the  90-per 
cent  point  of  the  distillation  curve.  Taken  by  itself,  this 
relatively   small   difference   in  mileage    is    unimportant 


TABLE  6 EXTRACTS  FROM  DRIVERS'  REMARKS 


Car  No. 

□ 

X 

0 

A 

1  to  8 
inclusive 

Practically  unanimous  complaint  against  these  fuels. 

9 

Excellent.      Lots   of  pep 
and  pull. 

Same  as  ordinary  commer- 
cial gasoline.  Fairly  good 
pull  and  pep. 

Very  poor.  Hard  starting. 
No  pull  or  power. 

Little  better  than  0. 

10 

Difficult    to    start    when 
cold  but  0.  K.  when  hot. 

Same  as  A. 

Engine    would    not    run 
smoothly  until  after  3  or 
4  miles.     Seemed  to  be 
adjusted  for  too  lean  a 
mixture. 

Same  as  X. 

11 

Best    of    four — Like    X. 
Best  acceleration. 

Better  than   A  consider- 
ably. No  trouble  in  start- 
ing or  running. 

Like  A.    Same  trouble  in 
starting  but  not  so  much 
knock.   No  preignition. 

Hard  to  start.  Used  hot 
water  on  manifold.  Knock 
after  warming.  Preigni- 
tion once. 

12 

More     or     less     trouble. 
Needed  to  adjust  carbu- 
reter using  choke. 

Trouble     with     starting. 
Slight  knocks.     No  hot 
water  needed  in  starting. 

Better  than  X.   Practical- 
ly no  difficulty  with  this 
grade. 

Satisfactory;  little  or  no 
difficulty. 

13 

Only  difference  noted  was  that  car  was  hard  to  start. 

14 

Extremely    cold    weather 
and  could  not  start  with- 
out applying  hot  water. 

No   difficulty   in   starting. 
Ascribed  to  warmer  wea- 
ther. 

Started  much  better  than 
any  other.     After  warm 
was  as  good  as  any  gaso- 
line. 

Better  than  □  but  not  as 
good  as  should  be  in 
starting. 

15 

Same  as  O. 

Same  as  A. 

Great  difficulty  in  start- 
ing. 

Wry  little  difference  from 
regular  gasoline. 

16 

Poorest  action.  Less  mile- 
age.      Harder    starting. 
Sluggish  and  little  speed. 

Performance    in    starting 
and    running   similar    to 
commercial  gasoline. 

Much  slower  starting  and 
less  mileage.     Plenty  of 
power  after  heated. 

Very  much  like  X. 

17 

Had  no  trouble  and  could  detect  no  differences. 

18 

Noticed  no  difference. 

Not  so  much  pick-up  and 
power  as  with  □  and  X. 

Not  so  much  pick-up  and 
power  as  with  □  and  A. 

Noticed  no  difference. 

19 

More  trouble  in  starting. 
Tendency  to  back-fire  af- 
ter turning  off  ignition. 

Good  performance.  No 
difference  compared  with 
previous  operation. 

20 

Sometimes    necessary    to 
wait  a  minute  or  so  be- 
fore   enough    power    to 
start.    Poor- pick-up. 

Worked  well,  started  easi- 
ly, picked-up  well. 

Started  well  but  did  not 
pick-up  rapidly. 

Same  remarks  as  X. 

21  to  26 
inclusive 

Best    starting.       Leanest 
carbureter  setting. 

Poorest  starting.  Richest 
carbureter  setting. 

27  to  30 

inclusive 

Drivers  all  complained  of  trouble  in  warming  up  and 
getting  started. 

37  to  41 
inclusive 

Very  satisf actory ;  almost 
as  good  as  X. 

Very    good   for   starting, 
warming-up  and  acceler- 
ation. 

Extremely   bad;   most  of 
drivers  protested  against 
using  it. 

Less  satisfactory  than  gas- 
oline ordinarily  used,  but 
better  than  0. 

54 

Good  starting  power  when 
warm. 

Hard  starting;  no  power 
till  warm. 

Good  starting  and  power. 

55 

Good  starting. 

Very  easy  starting. 

Same  as  above. 

Hard  starting. 

56 

Hard  to  start;  good  power 
when  warmed. 

Easy  starting;  no  accele- 
ration till  warm. 

Fairly  good  starting. 

Hard  starting. 

57 

Good  starting. 

Hard  starting. 

Hard  starting;  no  power 
till  warmed. 

Hard  starting;  poor  run- 
ning till  warm. 
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compare  difference   in   the   relative 

amount*  of  t  fuel  from  a  given 

quantity  of  crude  oil. 

dilation  are  not  complete, 
as  c  n  tested.    So  far 

an  increasing  amount 

•\  and  a  corresponding  decrease  in  viscosity  of 

'..itility  decn 

it  hand  shows  an  increase  of 

43  p-  amount  of  dilution  with  fuels  differing 

.'.  at  the  90-per  diation-point,  and  for 


the  viscosities  in  Saybolt  seconds  at  100  deg.  fahr.,  of 
300  for  the  new  oil  and  of  V2'\  115,  82,  81,  the  average 
viscosities  at  the  end  of  a  week's  run,  for  each  of  the  four 
test -fuels  respectively. 

Differences  in  starting  and  general  performance  as 
noted  by  the  drivers  correspond  with  the  relative  volatili- 
ties of  the  fuels  in  the  range  of  15  to  20  per  cent  of  the 
distillation  curve.  The  drivers  chose  the  fuels  having  the 
highest  and  the  lowest  distillation-temperature  in  this 
range  with  remarkable  consistency,  notwithstanding  the 
small  differences  that  exist  in  this  range. 


TUILK  7— (  iivnm  w-.ui.  mi  i   [TON 


Fuels  I 

1  K 

X 

<> 

A 

Dilution 

Mt\ 

L00 

1   dir  . 
-     bolt 

- 

Dilution 
Per  Cent 

Viscosity 

nt  100 

1   ilir  . 
Saybolt 

a 

Dilution 
Per  Cent 

Viscosity 
at  100 

Dor.  Fahr., 

Saybolt 

Sec. 

Dilution 
Per  Cent 

\  iscoaity 

at  100* 

Deg.  Fahr., 

Saybolt 

Sec. 

New  oil- 

10 

11 
1-' 

- 
12  5 

11  ii 
21  :, 

300 
90 

123 
79 

22  6 

Is  5 
IS  8 
12  0 

300 

77 
97 

His 
90 

22^3 
27  7 
21   5 
33  6 

300 
65 
69 
85 
69 

28  5 

21  S 
15  7 

300 
65 
66 
90 

122 

17.2 

105 

14.1 

93 

jt\  3 

70 

■J!  :; 

Mi 

13 

19.5 
in  5 
28  0 
15  0 

92 
127 

17ii 
112 

35.0 
14  2 

23  0 

17  (1 

55 
1 25 

s7 
102 

13.8 
20  8 
13  0 
25.5 

82 

89 

128 

78 

27.0 
■jo  0 

11   0 

ii  ii 

47 

11 
IS 
16 

92 
1 29 

156 

Group  4  Average 

18.3 

127 

22.3 

92 

18.3 

94 

17.5 

84 

17 
is 
19 
20 

18  0 

g  ft 
13  :t 
24  0 

95 
(49 
130 

70 

17  5 
19  8 
12  6 
29  0 

97 

93 

120 

63 

17.5 
29.0 
19.3 
42.0 

in.; 
64 
98 
47 

22.8 

22  s 
21    .", 
36.5 

83 
78 
90 
53 

Group  5  Average 

16  1 

HI 

19.7 

93 

27  ii 

78 

25.9 

76 

21 
22 

5.5 

7    - 

B  1 
12  5 

7  2 
9  1 

140 
1  11 
110 
128 
156 
134 

6.3 

7  5 
9.9 

7  7 
8.6 

159 
14'.l 
154 
138 
1  I't 
137 

11.4 

11  s 

12  :; 
23  6 
23  o 

Is    it 

111 

104 

104 

7:i 

75 

90 

16.5 
15  S 
20.5 

21  S 

22  1 
22.7 

78 
95 
82 
69 

78 
74 

' 

8.4 

140 

7  '• 

lis 

17.3 

93 

20.4 

79 

27 

11  0 

11  2 

1 1  n 

If,:, 
132 
112 

9.5 
20.0 

1 1  G 
13  6 

199 
95 

107 

120 

22.0 
is  6 
29  n 

83 
44 
66 

77, 

26.3 

27  7 

32  o 

9.7 

79 

71 
63. 
104 

Group  7 

12  1 

i:if, 

14  4 

130 

30.5 

67 

23.9 

79 

13.9 

125 

.  15.5 

115 

23.3 

82 

22  2 

81 

. 

■  :■:■       I    by    manufacturer:    otbera   obtained    fron  I    Standan  I    Hamples. 
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.  itv 

h  Point, 

Deg   l  ilir. 

Deg   i  ,  1 1  r. 

ilv    at.    100 

Deg.  Fahr., 
Sayboll  Sec. 

Bau 

346 
366 

(00 

120 

• 
"17 

19  6 
19  6 
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Relation  to  Service 


By  J.  W.  Lord1 


Metropolitan  Section  Paper 


SERVICE  problems,  fundamental  in  character,  that 
^  must  be  solved  at  the  point  where  the  vehicle  is 
designed  and  produced  are  the  only  ones  considered, 
and  all  of  them  involve  the  factory  engineering-organ- 
ization. The  author  states  an  existent  feeling  in  the 
service  field  that  the  factory  engineers  are  inclined 
to  be  arrogant  and  obstinate,  almost  invariably  taking 
the  attitude  that  a  difficulty  is  likely  to  be  due  to  any- 
thing except  design,  material  or  workmanship;  but  he 
believes  this  situation  will  disappear  as  the  factory 
engineer  takes  more  interest  in  service  problems  and 
comes  more  closely  into  contact  with  service  and  main- 
tenance. 

The  problems  due  to  inaccessibility  of  parts,  repairs 
and  repair  parts  are  discussed,  and  the  influence  that 
the  factory  engineer  has  and  can  have  on  service  are 
treated  in  some  detail.  A  recommendation  is  made 
that  engineers  be  given  greater  opportunity  to  see  the 
product  in  the  field. 

THIS  is  a  broad  topic  and,  before  giving  thought 
to  it  directly,  I  believe  it  well  to  analyze  briefly 
why  service  is  being  pushed  so  much  into  the  fore- 
ground today,  its  place  and  value  in  the  automotive  in- 
dustry and  the  problems  it  involves.  The  real  reason 
service  is  becoming  of  such  importance  is  that  the  public 
is  demanding  better,  cheaper  and  more  prompt  repairs, 
and  showing  preference  for  those  who  will  make  them, 
just  as  it  demanded  greater  reliability  earlier  in  the 
history  of  the  industry  and,  later,  reliability  at  a  lower 
first  cost.  The  public  realizes  that  the  majority  of  cars 
of  today  are  fairly  reliable  and  that,  so  far  as  car  value 
is  concerned,  one  gets  about  what  one  pays  for;  but 
the  public  is  also  becoming  educated  to  the  automobile 
as  a  machine  that  wears,  and  it  realizes  more  and  more 
that  maintenance  has  not  received  the  close  study  that 
has  been  given  the  product  from  the  performance  and 
production  angles.  I  believe  the  builder  who  can  sell 
the  most  miles  per  dollar  of  reliable  car  or  truck  trans- 
portation is  the  one  to  whom  the  public  will  come  with 
transporation  problems.  An  honest,  well-designed  and 
yell-built  machine  cannot  fill  this  requisite  by  itself. 
It  must  be  backed  by  facilities  for  prompt,  honest,  well- 
made  repairs  of  the  stitch-in-time  variety  and  those  of 
more  extensive  nature,  that  become  necessary  as  the 
car  mileage  runs  up. 

We  often  hear  an  owner  say  that  his  car  is  a  fine 
machine  but  that  it  costs  a  fortune  to  keep  it  running. 
Distributors  are  having  this  thrust  at  them  every  day 
and  more  than  ever  recognize  that  good  service,  better, 
cheaper  and  more  prompt  maintenance  or  service  are 
prominent  and  powerful  selling  factors.  The  customers' 
purchase  of  transportation  is  not  complete  without  them. 
This  is  the  value  of  service  and  its  place  in  the  industry. 
Henry  Holt,  former  president  of  the  Automotive  Ser- 
vice Association,  said  that  our  whole  aim  in  service 
work  should  be  to  sell  more  cars  by  making  them  fulfill 
the  purpose  for  which  they  were  made.  The  service- 
station  must  cooperate  with  the  sales  end  of  the  organi- 
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zation  to  sell  more  cars;  it  must  make  the  cars  give  the 
greatest  of  satisfaction,  so  that  when  people  need  new 
cars  they  will  come  back  and  get  them. 

There  are  many  problems  of  service,  one  class  of 
which  require  local  solution  and  do  not  directly  involve 
the  factory,  but  there  are  service  problems,  fundamental 
in  character,  which  must  be  solved  at  the  point  where 
the  vehicles  are  designed  and  produced.  It  is  only  this 
latter  class  that  need  be  considered  in  this  paper,  and 
all  of  these  problems  involve  the  factory  engineering 
organization. 

Service-stations  must  primarily  do  their  utmost  to 
keep  the  product  on  the  road,  whether  this  involves 
making  the  usual  normal  repairs  or  making  emergency 
repairs  necessary  because  of  faulty  design,  workman- 
ship or  material.  Repairs  of  this  latter  variety  demand 
much  of  service,  particularly  when  a  truck  is  involved. 
The  job  must  be  put  on  the  road  again  with  all  possible 
speed.  It  seems  at  times  that  the  more  successful  a 
service-station  is  in  making  such  repairs,  the  less  atten- 
tion is  given  by  the  factory  to  the  real  cause  of  the 
trouble.  Sometimes  such  difficulties  are  allowed  to  gain 
great  headway  and,  when  the  engineer  finally  does  realize 
that  a  serious  condition  has  arisen,  which  must  be 
taken  care  of,  it  can  only  be  done  at  most  heavy  expense. 
That  such  things  can  and  do  happen  and  can  continue, 
is  difficult  to  explain.  Perhaps  many  an  engineer  feels 
that  the  average  service-station  loudly  cries  "wolf"  when- 
ever any  difficulty,  no  matter  how  trivial,  first  appears. 
On  the  other  hand,  there  is  a  feeling  in  the  field  that 
the  engineers  at  the  factories  are  inclined  to  be  arrogant 
and  obstinate;  almost  invariably  taking  the  attitude  that 
a  difficulty  is  due  to  anything  except  design,  material 
or  workmanship.  I  believe  this  situation  will  disappear 
as  the  factoi'y  engineer  takes  more  interest  in  service 
problems  and  comes  much  more  closely  into  contact  with 
service  and  maintenance. 

Accessibility  and  Repairs 

The  problem  of  accessibility  in  making  repairs  de- 
serves the  attention  and  the  continuous  study  of  the 
factory  engineers.  To  customers  and  their  chauffeurs 
some  repair  jobs  seem  to  take  an  unnecessarily  long 
time,  often  due  to  the  job  being  within  easy  vision  but 
most  inaccessible.  The  service-station  may  convince  the 
owner  that  under  the  circumstances,  the  time  was 
reasonable;  but  when  the  bill  has  been  paid,  the  owner 
feels  he  has  paid  more  than  necessary  for  a  simple  repair 
and,  fundamentally,  he  is  right.  This  matter  has  been 
well  presented  by  B.  M.  Ikert  and  others  and  I  need 
not  enlarge  on  it.  I  only  repeat,  accessibility  is  a  main- 
tenance problem  to  be  handled  at  the  point  of  production. 

The  matter  of  selling  repairs  also  deserves  the  atten- 
tion and  the  study  of  the  factory  engineers.  I  believe 
flat-rate  service  to  be  the  most  satisfactory  method  of 
selling  maintenance,  and  that  it  will  become  genera* 
The  rate  should  cover  the  finished  job,  both  labor  anu 
material.  A  flat  labor-rate  only  sets  up  a  situation  that 
places  a  premium  on  using  new  parts,  rather  than  ex- 
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where  some  small  part  of  a  comparatively  large  unit  is 
worn  or  broken.  Provision  should  be  made  to  take  riiv 
of    the    wear    without     replacing    the    entire    expensive 

part.  The  factory  engineer  is  in  position  to  do  much  to 
improve   these    parts    problems.      The    foregoing    briefly 

outlines  some  of  the  service  problems  to  be  solved  at   the 

The  Factori   Engineer's  [nfluenq 

far  as  the  factory  engineer  is  concerned,  it  seems 
to  me  that  the  industry  has  gone  through  two  distinct 
engineering  phases  and  is  entering  a  third.  I  call  them 
engineering  phases  because  1  believe  that  the  further  de- 
velopment of  the  industry  lies  in  the  hands  of  its  engin- 
The  first  phase  was  to  design  an  automobile  that 
would  run.  that  would  perform.  The  second  was  a  fur- 
ther development  of  the  first,  coupled  with  design  to 
facilitate  production.  The  third  was  a  further  develop- 
ment of  the  first  two,  coupled  with  design  to  facilitate 
maintenance. 

It  is  only  natural  and  to  be  expected  that  the  factory 
designing-engineer  is  fully  in  accord  with  design  from 
a  production  viewpoint  as  well  as  that  of  performance. 
Production  interests  are  right  at  hand.  The  production 
engineer  is  always  at  his  elbow,  continually  showing  him 
how  a  slight  alteration  of  the  design  will  not  affect  the 
performance  but  will  simplify  production  and  reduce 
By  virtue  of  this  continual  contact,  the  designing 
engineer  becomes  somewhat  a  production  engineer  him- 
self. On  the  other  hand,  maintenance  and  repair  have 
been  far  afield.  They  have  not  been  physically  close  to 
the  engineer.  They  have  been  brought  to  his  attention 
by  cold,  indifferent  reports  that  normally  do  not  make  the 
vivid  impressions  that  come  from  first-hand  contact,  a 
contact  that  can  be  obtained  only  by  traveling  and  spend- 
ing time  right  in  the  service-stations  and  in  close  contact 
with  the  repair  work  just  as  it  comes  in. 

Some  companies  have  developed  an  engineering  group 
in  their  service  departments.  Such  a  group  can  follow 
closely  the  performance  of  the  company's  product  in  the 
hands  of  its  customers.  From  various  sources  of  infor- 
mation, such  as  roadmen's  reports  and  letters,  distribu- 
tors' reports  and  letters,  parts  returned  claimed  defective 
and  parts  orders,  they  can  gather  statistics  giving  an 
index  of  what  is  happening  and,  by  periodical  reports, 
can  inform  the  management  and  the  engineering  and  the 
manufacturing  departments  of  what  they  find.  It  is 
possible  for  them  to  go  much  further  and  develop  tools 
and  repair  methods  and  collect  various  data  regarding 
repair-  to  older  models  that  today  each  individual  dis- 
tributor's service-station  is  working  out  for  itself  at 
great  expense.  I  believe  all  this  is  good  organization, 
and  a  step  in  the  right  direction.  Such  a  group  is  con- 
stituted of  the  logical  ones  to  work  with  the  chief  en- 
gineer on  matters  of  accessibility  and  on  design  to  facili- 

rapid  repair,  to  insure  the  use  of  standard  tools  and 

the  like,  but  its  members  will  not  work  in  the  closest  of 

harmony  with  the  designing  engineer  until  he  gets  away, 

ince  and  service  as  actually  rendered  to  the 

public  and  realizes  the  vast  possibilities  for  improvement 

•he  dominant  position  he  holds  makes  ii  ■  fol- 

ium to  initiate,  and  until  it  is  his  iir  ire  to  develop 

this  phase  "t  the  indu  I 

1   believe  t J j •  in).'  engineer  needs  this  intimate 

act  with  i he  factory  management 

which  will  see  to  it  that  its  engineers  get  this  intimate 
contact  with  maintenance  will  lie  amply  rewarded  by  a 
product  that  will  trouble  in  the  hands  of  its 

owners  and  one  that  can  be  maintained  at  less  expense. 
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Such  a  product  is  bound  to  reflect  itself  in  a  reduced 
policy-account  of  charges  absorbed  for  making-good  on 
defects  developing  in  the  field. 

I  think  that  there  is  a  tendency  to  hold  the  designing 
engineer  much  too  closely  to  getting  out  the  department 
drawings,  so  that  he  becomes  not  much  more  than  a  chief 
draftsman.  I  suggest  an  organization  involving  an  as- 
sistant executive-engineer  who  can  push  the  department 
work  along,  giving  the  chief  time  to  get  away  and  secure 
first-hand  knowledge  of  maintenance  or  repairs  and  of 
service-station  problems.  I  fully  believe  that  with  this 
intimate  contact  will  come  a  knowledge  and  realization 
of  service  almost  unknown  today,  which  will  be  so  real 
and  so  much  a  part  of  the  engineer  that  his  work  in  de- 
sign will  reflect  it  to  the  benefit  of  the  industry,  just  as 
his  intimate  contact  with  production  led  to  the  rapid  de- 
velopment of  the  industry.  It  seems  to  me  that  this  will 
never  happen  until  the  engineer  is  as  familiar  and  in  as 
close  contact  with  the  problems  of  service  as  he  is  with 
those  of  production.  For  the  good  of  the  industry,  its 
engineers  should  take  more  opportunity  and  be  given 
more  opportunity  to  see  the  product  in  the  field. 

L.  J.  Eastman  remarked  that  the  service  man  is  a 
sort  of  younger  brother.  That  is  a  very  fine  way  of 
putting  it  and,  speaking  as  a  younger  brother,  I  say  that 
we  want  our  older  brothers  to  get  much  closer  to  our 
problems.  They  will  help  us  and,  we  believe,  in  doing 
that,  they  will  help  themselves  and  the  industry  as  well. 

THE  DISCUSSION 

B.  B.  Bachman: — Probably  no  one  is  more  thoroughly 
in  sympathy  with  the  idea  of  service  and  what  it  means 
to  the  industry  than  I  am.  I  have  fortunately  been  as- 
sociated with  an  organization  that  has  attempted  to  build 
the  foundations  of  its  business  upon  a  satisfactory  serv- 
ice organization  and  a  complete  service  plan.  We  have 
had  some  opportunities  of  doing  things,  in  the  type  of 
organization  which  we  have  used,  that  not  everyone  can 
follow  who  does  not  have  the  same  type  of  industrial 
organization.  The  fact  that  a  very  large  percentage  of 
our  product  is  marketed  through  our  own  branches  places 
the  engineering  department  in  a  very  much  closer  con- 
tact with  the  people  who  are  selling  and  servicing  the 
product  than  I  can  conceive  possible  with  a  distributor 
organization  involving  multitudes  of  independent  in- 
dividuals. 

C.  B.  Veal: — The  problem  resolves  itself  almost  en- 
tirely into  one  of  management;  it  is  not  a  difference  of 
opinion  between  the  engineers  and  the  service-men  them- 
selves. 

J.  G.  Vincent: — I  think  Mr.  Bachman  is  absolutely 
right  when  he  states  that  one  of  the  biggest  values  of 
the  flat-rate  system  of  service  charges  lies  in  the  neces- 
sity for  carefully  analyzing  service  operations  from  a 
cost  viewpoint.  To  this  I  would  add  a  corollary  to  the 
effect  that  such  analysis  in  any  line  of  business  almost 
invariably  results  in  a  great  gain  in  efficiency  which,  in 
this  particular  case,  means  a  lower  cost  of  service  to  the 
vehicle  owner. 

I  am  inclined  to  doubt  that  the  averaging  of  costs  over 
the  ear  that  is  taken  care  of  and  the  car  that  is  neglected 
is  any  worse  from  the  owner's  viewpoint  than  the  fact 
that,  on  a  time-and-material  basis,  the  vehicle  owner 
lucky  enough  to  draw  the  fastest  men  in  the  service-sta- 
tion has  an  advantage  over  those  less  fortunate.  In  ad- 
dition, the  man  that  takes  care  of  his  vehicle  will  not  be 
in  for  the  work  as  often  as  the  man  who  neglects  his 
vehicle.  As  a  matter  of  fact,  the  vehicle  is  designed  in 
the  first  place  on  the  basis  of  averages,  plus  the  proper 


factor  of  safety.  By  this  I  mean  that  the  vehicle  is  de- 
signed as  nearly  as  possible  to  give  good  all-round  results 
whether  operated  in  the  country  or  in  the  city,  in  the 
North  or  in  the  South,  in  the  mountains  or  on  the  plains, 
by  the  hard  driver  or  the  easy  one,  all  of  which  means 
that  every  owner  sacrifices  a  little  so  that  other  owners 
with  other  operating  conditions  can  get  satisfactory  re- 
sults also.  Obviously,  if  the  vehicle  were  designed  to 
fit  only  one  set  of  conditions,  somewhat  better  efficiency 
could  be  expected  under  those  particular  conditions;  and 
the  reverse  would  be  true  under  other  conditions  unless 
several  types  of  the  same  vehicle  were  produced.  As  I 
see  it,  the  flat-price  system  of  servicing  handles  costs 
along  the  same  lines,  that  is,  on  broad  general  averages, 
is  perfectly  fair  therefore,  and  not  only  is  a  more  busi- 
nesslike method  of  doing  business,  but  also  one  that  pro- 
motes efficiency  throughout  the  relations  between  the 
service-station  and  the  vehicle  owner. 

As  I  see  it,  Mr.  Lord  has  covered  the  subject  in  excel- 
lent style;  in  fact,  our  procedure  at  the  Packard  Company 
has  been  very  much  along  the  lines  Mr.  Lord  advocates. 
As  an  example  of  this,  approximately  5  years  ago  we  or- 
ganized a  separate  division  in  our  engineering  depart- 
ment to  handle  service  field-problems  from  an  engineer- 
ing viewpoint,  and  it  is  to  service  field-suggestions,  prop- 
erly analyzed  and  checked,  that  many  of  our  current- 
model  refinements  have  been  due.  Naturally,  this  depart- 
ment has  been  very  close  to  the  laying-down  of  new  vehi- 
cles, to  avoid  the  possibility  of  repeating  previous  service 
field-conditions.  It  is  true  that  a  great  many  service- 
field  suggestions  do  not  successfully  stand  investigation ; 
this  Mr.  Lord  refers  to  on  the  basis  that  the  service- 
station  may  frequently  cry  "wolf."  On  the  other  hand, 
those  that  are  substantiated  more  than  offset  the  time 
lost  on  the  other  variety. 

Along  the  same  lines,  the  matter  of  accessibility  of 
parts  and  units  has  been  given  very  careful  consideration, 
and  a  very  definite  advance  has  been  made,  largely  as  a 
result  of  our  contact  with  the  service  field.  Our  techni- 
cal service-department  that  handles  the  business  negotia- 
tions with  the  service  field  tells  me  that  the  flat-rate  sys- 
tem of  service  charges  is  now  in  effect  in  our  service-sta- 
tions and  has  given  an  excellent  account  of  itself.  In  ad- 
dition, it  is  stated  by  that  department  that  the  system 
nas  been  improved  recently  by  making  the  flat  rate  uni- 
form throughout  the  Country  according  to  three  zones, 
and  this  appears  to  me  to  be  very  logical.  In  that  same 
department  service  or  repair  tools  are  being  developed 
from  suggestions  made  by  the  factory  organization,  or 
from  the  service  field  and  made  available  to  the  latter, 
and  equal  attention  is  being  given  to  the  proper  ratio  of 
vehicles  to  the  quantity  of  service  stock,  so  that  each 
service  station  can  carry  the  proper  amount.  In  addi- 
tion, the  actual  retail  prices  of  the  service  parts  are  con- 
tinually being  scrutinized  to  keep  them  fair  and  proper. 
Naturally,  the  engineering  department  is  assisting  the 
technical  service-department  continually  in  all  of  these 
matters,  and  there  is  no  question  that  the  procedure  is 
more  than  warranted. 

A.  J.  Scaife: — The  most  important  person  to  be  con- 
sidered is  the  customer,  and  any  method  that  will  bring 
the  customer's  viewpoint  and  his  difficulties  to  the  atten- 
tion of  the  engineering  staff  should  receive  very  careful 
consideration.  It  is  undoubtedly  true  that  every  auto- 
mobile plant  of  any  consequence  has  a  very  elaborate 
method  of  tabulating  complaints  and  recording  parts 
failures  in  service,  but  it  is  difficult  to  get  a  large  en- 
gineering organization  stirred-up  to  the  necessity  of  giv- 
ing these  complaints  the  consideration  they  should  re- 
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bring 


rgan- 
•  ich  has  had  COn- 
gineering  I  the  in- 

ure spending  their 
.ers  and 
hand  information 
Ir.  Lord.     This  information  is  brought 
.r.ing  his  report  in  per- 
mittee.    In  this  way,  the  most 
ted  upon  very  quickly,  and  the 
deration   in   proportion   to 
This    accomplishes    two    things:    it 
■vpoint  directly  to  the  attention 
•aff  and,  in  turn,  it  brings  the  en- 
gineering department  of  the  factory  directly  into  contact 
mer.    The  owner  has  many  things  to  bring 
to  the  attention  of  the  engineer,  and  the  engineer  also 
has  mai  *o  bring  to  the  attention  of  the  owner. 

0.  E.  HUNT:— We  thoroughly  agree  with  Mr.  Lord  that 
average    factory    engineering-organization     is    not 
closely  enough  in  touch  with  the  service  problem  and,  as 
a  result,  has  not  the  right  attitude  of  mind  toward  it. 
fed,  however,  that  this  condition  is  rapidly  changing. 
The  present  highly  competitive  state  of  the  industry  has 
compelled  all  companies  to  appreciate  that  they  are  sell- 
ing transportation  service  rather  than  a  collection  of  de- 
and  that  they  will  succeed  just  in  propor- 
tion as  they  convince  their  public  that  they  are  giving 
comfortable  and  dependable  transportation  at  less  cost 
per  mile  than  their  competitors.     This  means  that  they 
cannot  consider  that  the  job  is  fully  engineered  until  it 
has  worn  itself  out  in  satisfactory  service.    This  will  cer- 
tainly result  in  the  service-man's  getting  more  help  from 
the   factory'  organization  than  he  was  ever  able  to  get 
■  >fore.     Economic  pressure  is  sure  to  force  the  fac- 
tory' organization  to  help  him. 

R.  E.  Fielder: — Service  or  maintenance  of  automotive 
equipment  is  a  vital  matter,  particularly  to  the  public- 
service  corporations  and  other  large  companies  rendering 
a  definite  daily  service  to  the  public  at  large. 

A  typical  case  might  be  described  by  taking  the  newest 

form  of  automotive  service,  that  of  mass  transportation 

of  passengers  by  motorbuses.     In  most  cases  a  number 

of  vehicles   are   used  and  are  operating   frequently  for 

upward  of  18  hr.  per  day,  365  days  in  the  year.     When 

•he  public  will  insist  that  it  arrive 

destination  without  any  undue  delay  such  as  might 

be  incurred  by  an  involuntary  stop  due  to  a  deficiency 

-chanical   maintenance.     This  state  of  affairs  will 

necessitate  that  the  operating  company  employ  several 

d  the  time  of  work  for  these 

mechanics  must  be  divided  so  that  they  cover  the  whole 

•>n.     It  is  obvious  that,   with  this 

it  will  never  be  profitable  to  go  to  an 

tation   at   any   time  of 

ght  and  expect  to  get  immediate  attention 

<-..     If  this  v  rted 

a    tremendous   loss   of 

■'.aiting   the   con- 

•  them  into  operating 

.-  and  de- 

able   that   the  design- 

•  his 

rimarily,  vehicles  are 

efficiency  of 

•     ence  to 

•  II  as  manufacturing, 
fundamental  of  the  operating 


engineer  arc  accessibility,  simplicity,  independent  unit- 
construction,  light-weight  units  that  are  easily  handled, 
elimination  of  surplus  refinements,  fool  proof  and  acces- 
sible adjustments  and  lubrication  device-  thai  are  acces- 
sible and  have  adequate  storage  capacity. 

The  ever-growing  use  of  large  fleets  of  automobiles 
operated  under  the  control  of  individual  companies  has 
made  it  comparatively  easy  for  the  designers  and  the 
builders  of  the  equipment  operated  to  gain  an  easy  and 
first-hand  knowledge  of  the  efficiency  of  their  designs  for 
the  purpose  for  which  they  are  used.  The  following  is  a 
system  that   has  been  successfully  used: 

1 1 )  Every  vehicle  should  be  supplied  daily  with  a  card 
prepared  so  that  the  driver  can  write  thereon  all 
the  faults  and  defects  with  which  he  has  had  ex- 
perience during  that  day  in  the  operation  of  his 
vehicle;  also  the  mileage  operated,  the  fuel  and 
the  oil  consumed 

i  'J  l  An  experienced  mechanical  inspector  should  be 
allocated  to  the  garage  to  receive  the  card  from 
the  driver  of  the  vehicle,  make  an  inspection  of 
said  vehicle  in  the  presence  of  the  driver  and  check 
his  reports  according  to  the  cards 

(3)  Assuming  the  operation  of  a  large  number  of 
vehicles,  say  50  or  more,  the  adjustment  and  re- 
pair work  of  those  vehicles  will  be  divided  then 
among  mechanics  who  are  specializing  in  certain 
portions  of  the  chassis,  such  as  brakes,  rear  axles, 
change-speed  and  transmission  gears,  engines,  gas- 
oline tanks,  and  ignition  and  carburetion  appa- 
ratus. Each  of  these  various  mechanics  will  have 
given  to  him  a  sheet  on  which  will  be  marked  the 
vehicle  numbers  that  need  attention  with  respect 
to  the  particular  device  in  which  he  is  specializing. 
Therefore,  the  information  checked  by  the  inspec- 
tor from  the  driver's  card  will  be  transferred  to 
the  mechanic's  sheet  so  that  he  can  make  the  neces- 
sary adjustments  and  repairs  during  the  interval 
that  the  vehicle  is  in  the  garage.  The  mechanic 
making  the  repairs  will  be  responsible  also  for 
recording  the  correct  information  regarding  the 
adjustment  he  makes  or  defect  that  he  finds 

(4)  The  mechanic's  sheets,  after  being  used  by  him, 
will  be  turned-in  to  the  main  office,  where  the 
reports  from  his  sheets  will  be  transferred  to  a 
master  record-sheet  of  the  particular  vehicle. 
This  record  sheet  may  be  known  as  the  general- 
inspection  sheet,  the  general  inspection  occurring 
approximately  every  2000  miles,  and  will  serve  as 
a  guide  for  the  mechanics  in  charge  of  the  over- 
hauling of  this  vehicle,  informing  them  of  the  par- 
ticular defects  and  weaknesses  that  have  occurred 
during  its  past  2000  miles  of  operation.  This  in- 
spection sheet  also  should  contain  data  pertaining 

he  miles  the  vehicle  has  operated  and  the 
amount  of  gasoline  and  oil  consumed 
(~>l  This  overhaul  sheet,  having  been  completed  by  the 
mechanics  or  others  in  charge  of  repair  and  main- 
tenance, will  be  sent  to  the  engineering  depaii 
ment,  where  an  analysis  can  be  made  of  the  diffi- 
culties that  occur  during  operation.  The  defects 
that  predominate  will  point  out  to  the  engineers 
the     weai  the     particular     parts     giving 

trouble,    affording    them     an     opportunity    to    re- 
gn  and   improve  such  parts  and  thereby  form- 
ing that  necessary  link  between   the  operating  de- 
partment and  the  designing  departmenl 

•Ncerning  the  relations  between  operating  and  pro- 
duction engineers,  it  is  apparent  that  most  of  the  re- 
quirement:- for  operating  engineers  have  been  trans- 
mitted, heretofore,  to  the  engineering  department  by  the 

man  who,  more  often  than  not,  is  nothing  more  than 
a  pleasant  fellow,  with  little  practical  knowledge  of  either 
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his  customer's  operation  requirements  or  the  necessities 
of  design.  On  the  other  hand,  we  have  the  expert  pro- 
duction-engineer who  cares  little  or  nothing  about  operat- 
ing efficiency  so  long  as  he  can  produce  an  article  for  a 
certain  price.  This  combination,  no  doubt,  has  worked 
out  fairly  well  in  the  past,  particularly  for  the  individual 
passenger-car  operator  whose  use  of  an  automotive  vehi- 
cle is  frequently  confined  to  summer  evenings  and  week- 
end parties. 

The  automotive  vehicle  is  today  coming  into  its  own 
and  it  seems  safe  to  say  that  in  the  next  few  years  it 
will  be  used  in  enormous  quantities  by  large  companies. 
If  we  stop  to  consider  that  a  vehicle  operating  for  upward 
of  50,000  miles  per  year  can  save  1  cent  per  mile  in  its 
mechanical  maintenance,  its  fuel  consumption  and  its 
wear-and-tear  on  tires,  we  will  realize  that  this  saving 
of  $500  will  offset  very  easily  the  saving  in  the  manu- 
facturing department  of  a  few  dollars,  affecting  only  the 
initial  cost  of  probably  a  $3,500  chassis.  Assuming  the 
average  life  of  this  vehicle  to  be  6  years,  according  to 
the  foregoing  calculation  $3,000  can  be  saved,  or  prac- 
tically the  cost  of  the  chassis. 

I  believe  that  the  time  has  come  when  the  operating 
engineer  is  the  one  to  say  which  is  the  best  type  of 
vehicle  to  purchase,  and  this  will  be  decided  entirely  upon 
operating  and  not  initial  cost;  hence,  the  operating  engi- 
neer's influence  on  the  design  of  certain  types  of  vehicle 
will  be  great. 

With  reference  to  efficiency  in  operating  departments, 
one  other  matter  that  needs  very  careful  attention  by  the 
designers  of  automotive  equipment  is  that  of  supplying 
the  maintenance  department  with  adequate  tools  and  fa- 
cilities for  the  removal  or  the  repair  of  these  vehicles. 
This  is  imperative.  Also,  it  is  imperative  that  the  oper- 
ating engineer  have  such  tools  and  equipment  efficiently 
cared  for. 

J.  W.  Lord: — It  seems  to  me  that  many  of  the  engi- 
neers, though  interested  in  service,  have  not  been  given 
the  opportunity  to  get  as  close  to  it  as  they  should  be, 
and  that  the  responsibility  for  this  condition  lies  perhaps 
more  with  management  than  with  the  engineers.  Though 
written  reports  carry  definite  information  to  an  en- 
gineer, actual  contact  carries  a  much  more  vivid  and 
lasting  impression;  therefoi'e,  steps  should  be  taken  to 
secure  such  vivid  impression.  A  written  statement  that, 
in  the  course  of  an  engineer's  many  duties,  "goes  in  one 
eye  and  out  the  other,"  has  been  proved  to  be  of  no  great 
value.  If  the  management  would  realize  this  and  also 
the  value  of  having  its  engineers  come  into  contact  with 
the  product  in  the  field,  I  am  sure  it  would  see  the  value 
of  providing  ways  and  means  and  establishing  a  routine 
so  that  both  the  designing  and  the  production  engineers 
would  have  an  opportunity  to  get  much  closer  to  service 
than  is  the  general  rule  of  the  day. 

E.  W.  Seaholm  : — In  my  opinion,  there  is  no  more  im- 
portant engineering  problem  or  one  that  deserves  more 
attention  from  the  designing  engineer  than  the  improve- 
ment of  the  product  in  relation  to  service.  The  points 
brought  out  in  Mr.  Lord's  paper  are  well  taken  and  ad- 
mirably stated.  In  our  organization  we  have  followed 
the  method  outlined  for  several  years.  We  are  continu- 
ally striving  to  reach  the  ultimate  of  perfection.  Our 
technical  department,  which  is  the  engineering  branch 
of  our  service,  maintains  a  very  intimate  touch  with 
conditions  of  service  by  direct  contact  and  through  road- 
men. All  repairs,  complaints  and  reports  of  parts  re- 
placed pass  over  the  chief  engineer's  desk,  and  the  tabu- 
lated data  dealing  with  service  problems  serve  as  a  valu- 
able compass  to  our  designers. 


H.  P.  Crouze: — I  am  glad  to  see  that  the  engineers 
of  the  factory  are  beginning  to  feel  that  we  service-men, 
who  do  all  the  squabbling  with  the  owners,  amount  to 
something,  after  all.  A  number  of  them  have  asked  us 
about  some  of  our  problems ;  strange  to  say,  in  the  last 
2  years  they  have  listened  to  us. 

W.  J.  Dretke:— I  am  in  accord  with  both  Mr.  Lord 
and  Mr.  Bachman.  We  have  a  field  organization  of  seven 
service  inspectors  who  visit  plants  manufacturing  auto- 
mobiles, trucks,  tractors  and  other  appliances  in  which 
our  roller  bearings  are  used.  These  field  men  bring  to 
us  all  of  the  manufacturers'  troubles.  When  necessary, 
they  visit  service-stations  and  bring  their  troubles  in  the 
field  directly  to  the  engineering  and  the  service  depart- 
ments. 

J.  W.  Florida: — I  attended  recently  one  of  the  quar- 
terly service  meetings  at  our  factory  in  Detroit.  These 
meetings  are  held  for  the  express  purpose  of  bringing 
our  service  and  maintenance  problems  before  our  en- 
gineers, who  take  the  keenest  interest  in  everything 
brought  up.  Those  in  attendance  at  these  meetings  com- 
prise service  managers  of  the  various  Packard  distribu- 
tors and  dealers  throughout  the  Country  and  factory  of- 
ficials and  executives,  as  well  as  the  factory  field-men. 
With  such  splendid  and  progressive  cooperation  between 
the  various  district  service-departments  and  the  factory 
engineering-department,  our  service  problems  are  kept 
at  a  minimum  and  service  as  a  whole  is  held  at  a  very 
high  point  of  efficiency,  thus  effecting  low  maintenance 
costs  to  car-owners. 

In  regard  to  the  so-called  flat-price  system,  we  call  it 
standard-price  repair-method  and  have  adopted  it  na- 
tionally. We  gave  this  system  much  careful  thought  and 
study  to  make  sure  of  eliminating  the  "danger  spots" 
that  can  easily  enter  it;  these,  we  know,  have  been  the 
cause  of  much  unfavorable  and  just  criticism  against  the 
flat-price  system.  With  the  aid  of  all  its  Class-A  service- 
points  throughout  the  Country,  our  factory  was  able  to 
get  a  very  broad  view  of  what  each  repair  operation 
costs  and  what  the  best  methods  are  for  doing  them ;  so, 
after  studying  some  500  operations  and  striking  an 
average  of  10  similar  operations  from  the  various  Class-A 
service-stations,  some  very  gratifying  results  in  getting 
prices  to  a  lower  level  were  obtained.  Today,  our  stand- 
ard-price repair-method  is  used  by  all  our  distributors 
and  dealers.  The  system  has  for  its  main  object  the 
keeping  of  our  customers'  maintenance  costs  as  low  as 
possible  consistent  with  the  mileage  and  care  their  cars 
receive.  In  New  York  City,  for  instance,  we  have  a 
higher  labor  cost  than  in  many  other  sections  where  labor 
can  be  secured  at  cheaper  rates,  and  it  appears  that  in 
New  York  City  we  could  not  meet  the  low  standard 
prices ;  but  we  have  experienced  no  difficulty,  because  our 
volume  of  business  and  our  facilities  offset  the  handicap 
of  the  higher  labor  scale.  I  believe  that  the  standard- 
price  system  has  come  to  stay,  especially  when  automobile 
companies  go  into  it  as  thoroughly  as  ours  has  done  and 
avoid  the  danger  spots  that  existed  in  former  so-called 
flat-price  systems.  Our  standard-price  system  goes  a 
long  way  toward  helping  our  customers  to  keep  their 
maintenance  costs  low. 

L.  T.  Hanford: — As  a  service-man,  I  will  say  that  the 
subjects  discussed  indicate  that,  as  engineers  and  service- 
men, we  are  on  common  ground  in  many  ways.  Cer- 
tainly we  both  owe  our  jobs  and  livelihood  to  the  car- 
owners,  and  we  can  pay  our  obligation  to  them  by  build- 
ing and  servicing  the  cars  they  buy  and  use  in  such  a 
manner  that  the  maintenance  cost  will  be  at  a  minimum 
to  them.     Personal  contact  will  smooth  out  many  of  our 
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rvice-men  find  it  does 

3     rice-men  should  visit  their  Eac- 

iritfa  constructive  criticism  born 

in  making  service  repairs  and  inspections. 

.  factory  engineers,  or  their  assistants,  should 
go  out  into  the  field  regularly  and  visit  the  service-men, 
to  learn  just  what  they  are  up  against  and  see  specimens 
of  the  repair  jobs  that  they  have  to  perform.  We  some- 
•  whether,  in  design  and  production,  the 
eng:  y  thought  to  the  servicing  of  the  units 

•    mployed. 
1'avid  Beecrokt: — With  regard  to  the  flat-rate  system, 
there    is    considerable    very    good    psychology    connected 
tse.     I  had  a  very  good  example  of  that  several 
-  ago,  in  Milwaukee,  showing  the  good  spirit  and  bet- 
ter  understanding    that    it    created    among    the    dealers 
there.     The  Overland  organization  started   the   Rat-rate 
m  about  2!_-  years  ago  in  that  city.     The  Nash  or- 
ganization  in   Milwaukee  was   not   on   the  best  of  terms 
:he  Willys-Overland  Co.,  but  they  got  together  ami 
talked  over  the  flat-rate  system,  and  a  much  better  un- 
derstanding developed  between  those  organizations  as  a 
direct  result.    As  an  example  of  how  it  worked  out,  when 
the  Nash  organization  took  a  Willys-Overland  car  in  ex- 
change, or  vice  versa,   instead  of  attempting  to  do  the 
repairing  or  overhauling  in  its  own  organization,  it  im- 
mediately passed  the  job  over  to  the  other  company.    The 
service  managers  of  both  organizations,  and  the  mana- 
gers also,  admitted  that,  previous  to  the  study  they  had 
given  to  this  matter,  they  really  did  not  trust  each  other 
to  the  extent  of  exchanging  their  overhauling  work. 
1  think  the  effective  psychology  in  the  flat-rate  system 
at   it  puts  both  parties   with  their  feet   under  the 
same  table  before  the  job  starts;  it  means  getting  an  un- 
ending, presenting  an  analysis  and,  so  far  as  the 
public  is  concerned,  I  think  that  is  what  it  requires.    The 
plan  gets  the  public  interested  keenly  in  this  matter  when 
it  sees  the   bills.     The  problem  can   be  solved   if   it   is 
analyzed  at  the  start.     The  public  is  fully  as  willing  to 
see  the  justice  of  the  situation  as  the  service  department 
is  to  show  the  justice  of  it.    If  for  no  other  reason  than 
the  fact  that  both  parties  get  together  and  see  the  prob- 
lem from  perhaps  a  broader  viewpoint,  it   is  something 
that  is  very  much  to  be  desired.     It  is  a  confidence-build- 
ing method. 

Ralph  —I  believe  we  can  obtain  much  benefit 

from  this  meeting.     I  believe  an  engineer  lays  plans  and 

vice  manager  plans  excuses;  perhaps,  regarding  the 

•  laid  plans  in  the  development 

From    the   standpoint    of   the   industry,    we 

I  an  adjusting  department  of  the  Bales 

.ization,  in  an  industry  that  has  had  a  quick  growth. 

are   two   kin':  'vice;   one    is   a   warranty 

ind    the    other    a   maintenance    service.      When 

.ins  and  develop  a  maintenance  service, 

m  take  life  easy,  because  we  will  not  need  to  plan 

so  r:  In   analyzing  the  subject,   there  are 

'hat  of  tin-  owner,    if 

and  the  owner   are  paying 

ideration  of  a  sane 

•  partment  is  suf- 

iowing    .  I    rmpared   with   the  en- 

'»r    of   a    printing 

from  his  machine  ;■-  a  crafts- 

■  B 

ar,  hi 
until  trouble  it   in 

for  .  •      In  no  other  line  of  industry  is  the  turn- 

it  is  in  ours,  and 


1  think  we  are  Buffering  as  a  result  of  it.  If  we  could 
educate  the  owner  into  a  sane  program  of  maintenance, 

we  would  be  doing  a  great  good.  Any  other  industry  that 
has  been  successful  has  taken  as  its  policy  public  Deed 
and  demand. 

Second,  from  a  maintenance  viewpoint,  our  own  prob- 
lems simmer  right  down  to  the  production  department. 
The  engineer,  after  laying  his  plans,  does  not  have  to 
call  several  men  together  and  tell  them  to  build  a  truck 
without  any  definite  plan;  but  in  a  service-station,  we 
are  called  upon  to  send  for  a  mechanic  and  say  to  him, 
"fix  it."  Third,  I  do  not  know  just  how  to  lay  the  proper 
plans,  but  I  think  much  good  can  be  done  along  the  line 
of  the  standardization  plans  of  the  Society.  What 
would  we  do  if  we  did  not  have  standardized  bolts  and 
nuts,  and  all  the  various  standards  the  Society  has  es- 
tablished? In  service,  we  must  outline  the  plans  of  our 
men  in  production.  It  will  mean  the  development  of 
special  tools,  short-cuts  and  equipment  which,  I  believe, 
the  flat-rate  system  will  develop.  After  all,  we  simply 
have  a  business  situation  to  face  in  service,  which  in- 
volves a  diagnosis  of  the  trouble,  the  sale  of  the  job  at 
the  contract  price  and  prompt  delivery. 

Charles  M.  Manly: — I  agree  with  what  has  been 
said.  The  important  feature  is  that  the  fundamentals 
bade  of  this  proposition  are  building  up  in  the  minds  of 
the  persons  buying  this  service  the  idea  of  integrity  and 
efficiency.  Integrity  is  not  worth  much  without  efficiency 
and  efficiency  is  not  worth  much  without  integrity;  but 
if  we  can  put  across  a  combination  of  the  two  with  the 
man  who  pays  for  this  service,  I  think  it  makes  very 
little  difference  whether  it  is  a  flat-rate  system,  a  cost- 
plus  system  or  some  other  system.  The  fundamental 
principle  of  the  whole  proposition  lies  in  building  up  in 
the  mind  of  the  customer,  whether  he  be  a  large  or  small 
customer,  the  feeling  that  there  are  both  efficiency  and 
integrity.  I  thoroughly  agree  with  Mr.  Rognon's  re- 
marks in  regard  to  quotations  on  service  work.  When 
the  service  plans  and  work  have  been  thoroughly  laid 
out  so  that  the  man  who  is  performing  the  work  does 
it  with  as  high  a  degree  of  efficiency  as  that  at  which 
the  man  at  the  factory  is  compelled  to  work  to  hold  his 
job,  service  will  be  a  real  business  proposition. 

H.  C.  Trent: — I  am  connected  at  present  with  both 
sales  and  service.  When  engineers  and  service-men  get 
together,  they  are  more  or  less  inclined  to  call  each  other 
good  fellows ;  nevertheless,  frank  statements  and  con- 
tive  criticism  do  us  all  much  good.  Mr.  Lord's 
paper  states  that  considerable  help  can  be  given  to  serv- 
tations  by  standardizing  on  parts,  so  far  as  possible, 
and  by  discontinuing  the  constant  changes  in  the  design 
of  such  units  as  windshield  frames,  fenders,  tire  car- 
riers, splash  pans,  and  the  like,  which  make  it  necessary 
to  carry  an  extensive  stock  of  these  parts.  At  present, 
it  is  necessary  for  the  owner  who  patronizes  the  parts 
department  and  the  service-station,  to  know  the  serial 
number  of  his  car,  the  model  and  the  like,  before  he  can 
lie  assured  of  getting  the  particular  fender  or  splash 
pan  used  on  his  car.  He  may  know  the  serial  number 
and  model,  but  it  is  very  doubtful  if  he  knows  anything 
about  tli'  and  other  details.    If  he  does  not  hap- 

pen to  have  this  information  with  him,  or  if  he  has  sent 
•  one  to  make  the  purchase  for  him,  it  necessitates 
his  either  going  without  the  pari  or  guessing  at  what 
•quired;  perhaps  he  find-  out  later  that  it  is  the 
wrong  part,  and  this  means  that  it  must  be  returned  for 
ange.  The  result  is  a  loss  of  time  and  money  and  a 
loss  of  the  owner's  confidence  in  the  service-station.  If 
an  eliminate  this  condition  through  the  assistance  of 
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the  engineers,  it  will  not  only  help  service  but  also  in- 
crease sales.  I  believe  that  closer  direct  contact  between 
the  engineers  and  the  service-men  in  the  field  would  be 
of  great  benefit. 

Azel  Ames  : — I  think  it  safe  to  say  that  10  years  ago, 
the  average  owner  of  an  automobile  was  not  fit  to  be 
trusted,  even  in  broad  daylight,  with  an  egg-beater,  so 
far  as  his  mechanical  skill  was  concerned;  but,  in  these 
days,  when  our  children  are  talking  about  the  merits  of 
different  types  of  radio  apparatus  that  their  parents  do 
not  understand,  we  may  have  some  hope  that  the  cus- 
tomer, the  automobile  owner,  will  have  perhaps  a  greater 
realization  of  the  properties  of  the  transportation  he  is 
using  and  of  the  difficulties  incident  to  its  production, 
sale  and  maintenance. 

The  manufacturers,  the  dealers  and  the  service-men 
are  well  organized.  One  reason  they  are  organized  is 
because  it  protects  their  individual  interests;  another 
reason  is  that  it  is  easier  to  cooperate  in  this  manner 
than  to  do  so  with  a  very  great  number  of  individuals. 
It  may  be  that  the  manufacturer,  the  dealer  and  the 
service-man  can  work  with  the  owner  better  if  they  work 
with  the  organized  owner;  certainly,  those  who  are  con- 
nected with  the  automotive  industry  know  that  for  more 
than  20  years  the  American  Automobile  Association  has 
represented  the  organized  motorist,  the  customer,  the 
man  who  furnished  the  automotive  industry  its  bread 
and  butter. 

There  is  a  glorious  opportunity  for  the  organized 
producer  to  work  with  the  organized  consumer.  In  be- 
half of  the  Metropolitan  Division  of  the  American  Auto- 
mobile Association  I  can  say  that,  at  least,  we  are  on 
the  job  to  work  with  the  automotive  industry ;  we  are 
standing  absolutely  for  the  enforcement  of  the  law  and 
we  do  not  ask  for  any  special  favors.  We  want  a  fair 
show  for  the  motorist,  in  legislation,  in  taxation,  in  re- 
pair bills  and  in  charges  for  fuel.  We  will  work  with 
the  automotive  industry,  and  we  want  it  to  work  with  us. 
R.  H.  Woodhull: — We  also  have  been  using  the  flat- 
rate  system.  If  nothing  else  is  accomplished,  it  brings 
an  executive  in  close  touch  with  his  organization,  regard- 
less of  the  benefits  it  may  have  for  the  customer.  Flat- 
rate  costs  properly  computed  show  the  actual  perform- 
ance in  both  speed  and  skill  of  the  personnel.  They  show 
in  dollars  and  cents  how  the  individual  is  doing  his  part 
of  the  work.  So  far  as  the  owner  is  concerned,  often, 
when  he  has  been  promised  his  car  for  a  certain  day,  the 
service-man  telephones  to  say  the  job  will  not  be  finished 
until  several  days  later.  This  puts  the  owner  in  a  bad 
frame  of  mind.  Then,  if  the  charge  is  larger  than  he  ex- 
pected, there  is  bound  to  be  dissatisfaction;  but,  if  the 
owner  leaves  his  car  with  a  definite  understanding  as  to 
the  price  he  must  pay  and  knows  when  he  can  expect  it 
finished,  he  is  well  satisfied. 

I  often  think  the  designing  engineer  has  overlooked 
the  fact  that  he  may  design  something  which  is  mechani- 
cally perfect  but  still  not  fool-proof.  This  is  borne  out 
by  the  fact  that  many  models  which  proved  satisfactory 
under  factory  road-tests  are  found  to  be  sadly  lacking 
when  placed  in  the  hands  of  the  inexperienced  owner.  If 
the  car  has  to  be  changed,  it  is  because  the  man  into 
whose  hands  it  has  been  placed  has  not  given  it  a  chance ; 
hence,  a  change  has  to  be  made  to  lubricate  a  certain  part 
automatically  or  increase  the  strength  of  some  part  or 
assembly  so  it  will  not  fail  under  abuse.  Therefore,  the 
closer  the  designing  engineer  gets  to  the  ultimate  user, 
the  faster  he  will  eliminate  his  troubles. 

Ethelbert  Favary  : — If  I  were  a  service-man,  I  would 
ask  the  engineer  why  it  is  that  before  it  is  possible  to 


examine  the  crankshaft  bearings  of  a  certain  truck  it  is 
necessary  to  take  off  the  lower  half  of  the  crankcase. 
Moreover,  before  this  can  be  done  the  body  bolts  must 
be  loosened  to  get  at  the  radiator  bolts  to  remove  them ; 
then,  one  end  of  the  engine  must  be  lifted  up  with  a 
hoist  and,  after  some  jockeying  and  shoving  the  engine 
over,  it  is  possible  to  lift  it  up  and  get  at  the  crankcase. 
In  another  case,  if  the  front  spring  should  happen  to 
break,  usually  the  crankcase  breaks  also  as  it  would  hit 
the  front  axle.  In  another  design,  when  it  becomes 
necessary  to  repair  certain  rear-axle  parts,  they  are  not 
accessible,  although  visible,  and  it  is  necessary  to  remove 
the  entire  rear-axle.  There  is  no  necessity  for  such  in- 
accessibility, as  the  design  can  be  rectified  without  sacri- 
ficing any  advantages. 

The  engineers  with  the  smaller  companies  complain 
that,  when  they  are  told  to  redesign  the  product,  they  are 
expected  to  do  it  in  a  few  weeks;  to  do  this  and  at  the 
same  time  embody  the  improvements  suggested  in  an 
efficient  manner  is  often  impossible.  However,  the  com- 
pany demands  and  insists  on  coming  out  with  a  new 
model  by  a  certain  time  and  hence  does  not  allow  suffi- 
cient time  to  the  engineer  for  a  first-class  job. 

I  agree  with  Mr.  Lord  that  there  should  be  closer  co- 
operation between  the  engineer  and  the  service-man,  but 
the  engineer  is  of  course  responsible  for  the  design  and 
must  use  his  judgment  as  to  what  is  right  and  what  is 
wrong. 

S.  M.  Williams  :— There  is  a  very  direct  and  definite 
obligation  on  the  part  of  the  selling  departments  to  co- 
operate with  the  engineer.  That  can  be  brought  about 
by  a  keener  appreciation  of  the  engineering  problems 
and  closer  observation  and  a  better  understanding  of  the 
service  problems. 

E.  A.  Moree  : — It  would  be  a  source  of  great  encourage- 
ment to  most  owners  to  know  that  the  problems  which 
face  them  on  the  mean  end  of  a  service  bill  are  being 
considered  in  the  broad-minded  way  in  which  they  are 
being  dealt  with  at  this  meeting.  It  would  help  us  all 
if  the  purchasers  of  service  could  know  that  their  service 
problems  are  receiving  attention  from  men  who  approach 
them  with  the  broad-gaged  vision  that  has  been  evidenced 
here. 

The  service  on  automobiles  has  so  improved  within  the 
last  10  years  that  it  is  not  comparable  with  the  service 
of  10  years  ago.  As  a  purchaser  of  service,  when  I  get 
a  bill  with  a  flat  charge  on  it  that  I  can  compare  with  a 
previous  bill  containing  similar  charges,  I  feel  that  I 
am  buying  something  perfectly  definite;  while  I  may 
possibly  be  paying  somewhat  more  than  if  charged  the 
average  price,  I  know  that  I  am  getting  something  for 
my  money  and  that  it  is  the  same  thing  that  I  will  get 
in  the  future  if  I  happen  to  come  in  and  have  the  same 
thing  done.  As  the  acting  executive  of  the  Automobile 
Merchants  Association,  this  meeting  has  been  an  en- 
lightenment and  a  gratification  to  me.  When  the  message 
of  this  and  future  meetings  gets  to  the  purchasing  pub- 
lic, as  it  is  bound  to  do  if  the  spirit  of  this  gathering  con- 
tinues, it  will  reduce  selling  resistance  and  increase 
greatly  the  satisfaction  that  owners  get  from  their  cars. 

E.  J.  Rabidoux: — We  find  in  general  that  we  are 
getting  fair  cooperation  between  the  engineers  and  the 
service-men,  but  I  believe  it  can  be  improved  greatly. 
We  had  a  National  Automobile  Show  in  New  York  City 
recently  that  many  automotive  engineers  attended.  I 
have  wondered  how  many  of  those  engineers  went  to 
visit  their  service  departments  here  in  New  York  City, 
which  probably  has  the  largest  service-department  or- 
ganization of  any  city  in  the  United  States.    How  many 
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the  troubles  between  the  en- 
gineers and  tl  e  department  arise  because  the  en- 
enough  to  the  problems.     In 
mar  in  the  details;  usualy,  the  main 
parts  do  not  cause  trouble.     However,  adequate  informa- 
tion is  not  passed  along  to  the  designing  engineer;  thus, 
there  is  a  continual  grouch  in  the  Bervice  organization. 
Perhaps  after  1  to  2  years,  when  the  next  design  comes 
•he  trouble  is  eliminated. 
I:'  -  me  of  the  engineers  would  put  on  overalls  and  get 
underneath  the  car  as  the  "grease-balls"  do,  they  would 
toad)  with  the  details  that  give  trouble  to 
the  -                ation.     That  is  the  only  way  they  can  get 
acquainted   with   them.      In   a   large  organization   there 
are  too  many  steps  between  the  engineer  and  the  man 
underneath,    for    the    engineer    to    get    close    to    those 
troubles.     One  of  the  best  trucks  on  the  market  has  a 
nut  underneath  it  which,   if  one  wants  to  get  it  off  of 
the  engine,  requires  considerable  time.     If  the  engineer 
i  be  made  to  take  that  nut  off  and  put  it  on  again 
repeatedly,  he  probably  would  alter  the  design. 

;ally,  there  is  only  one  man  between  me  and  the  man 
who  is  doing  the  job;  so,  in  many  cases  that  man  passes 
along  the  troubles  that  he  finds  on  the  jobs,  and  occa- 
.:iy  I  v'.-t  underneath  the  cars  and  work  on  those 
problems  myself.  If  a  knowledge  of  the  troubles  is  not 
passed  between  the  service-man  and  the  engineer,  the 
engineer  cannot  be  blamed  altogether  for  not  knowing 
about  them  when  there  are  so  many  steps  between  him 
and  the  man  who  is  buying  the  car. 

On  the  flat-rate  system,  no  two  jobs  in  the  shop  work 
out  the  same.     In  many  cases,  when  a  standard  job  is 
•rd  at  a  standard  price,  unforeseen  things  throw  the 
•!1  out.     Sometimes,  jobs  that  are  booked  as 
the  same  job  and  that  apparently  should  go  through  the 
,  involve  something  that  one  cannot  calculate,  such 
as  a  broken  bolt  or  stud  that  is  in  a  bad  place  to  reach. 
In  such  an  instance,  it  is  difficult  to  explain  to  the  cus- 
tomer why  the  charge  is  greater.     Some  customers  will 
iten  to  reason,  and  the  service-station  must  stand 
the  expense.     If  a  customer  can  be  given  a  general  esti- 
mate on  his  repairs  that  states  the  lowest  charge  he  can 
ad  the  highest  charge  that  will  be  made,  that 
will  work  out  satisfactorily.     In  working  out  that  sys- 
if  giving  them  the  highest  and  the  lowest  prices 
they  car.  we  canvassed  700  customers  and  re- 

•  1  only  7  complaints.    That  is  an  actual  working-out 
e  flat-rate  system  on  the  job. 
H 

but  prefer  to  call  them  fixed 
eharge.«.     I   have  some  convincing  statistics  to  present. 
onths,  during  which  time  approxi- 
mately   .  harge   operation!   were  completed, 
the  total  co."t  ran  8  percent  m  qraoted  price;  this 

iting  and  especially  B1 
1 1  e    general    idea  that  the 
r  is  over- 
•         a  lack  of 
a  lack  of  com- 
mon sen."*,      i  •  ommon  operation 


such  as  the  relining  of  brakes,  I  find  it  makes  no  differ- 

whether  the  owner  has  run  the  car  10,000  or  5000 
miles,  for,  if  the  brake  is  worn  sufficiently  to  require  re- 
lining,  the  bands  must  be  removed  and  the  rivets  cut  off 
with  a  chisel  and  that  requires  a  given  amount  of  time 
and  material.  The  same  principle  can  be  applied  to  en- 
gine bearings.  Suppose  one  man  takes  exceptionally 
good  care  of  his  car  and  another  man  neglects  his  car. 
The  latter  must  have  the  bearings  taken  up  more  fre- 
quently than  the  former.  As  Mr.  Lord  has  said,  if  tools 
and  pullers  designed  for  the  work  are  available,  the  shop 
mechanic  can  perform  the  needed  operation  consistently, 
regardless  of  the  condition  in  which  he  may  find  the  parts. 
It  makes  no  difference  whether  the  shackle  bearing  or 
bolt  comes  out  easily  or  not,  once  a  good  puller  is  ap- 
plied to  it.    A  frozen  shackle  comes  out  very  easily. 

There  is  only  one  way  in  which  a  fixed-charge  system 
of  prices  can  be  carried  on  successfully  in  a  service  re- 
pair-shop; it  is  by  organizing  the  shop  and  the  cost- 
accounting  department  properly,  so  that  the  cost  can  be 
kept  accurately  and  consistently.  By  organizing  the  shop 
I  mean  the  specializing  of  the  work  of  the  shop  mechanics 
for,  by  specializing  alone,  can  one  expect  a  mechanic  to 
become  efficient.  Tool  equipment  is  also  one  of  the  very 
important  factors,  as  poor  tools  not  only  hold-up  the  work 
but  demoralize  the  mechanics.  It  is  believed  that  if  all 
owners  whose  cars  have  been  serviced  in  our  shops  were 
requested  to  state  their  preference,  not  more  than  5  per 
cent  would  ask  for  a  return  to  the  old  system. 

Chairman  Lee  J.  Eastman: — In  the  old  days,  the  en- 
gineer knew  it  all.  If  a  truck  or  a  car  broke-down  and 
the  engineering  department  was  told  about  it,  the  reply 
would  be,  "That  cannot  happen.  From  an  engineering 
standpoint,  the  machine  is  built  right;  it  cannot  break." 
However,  among  the  very  hopeful  signs  is  the  fact  that 
both  the  engineers  and  the  service-men  admit  that  they 
do  not  know  it  all.   That  is  a  sign  they  are  both  learning. 

One  of  the  other  encouraging  features  is  that  the  en- 
gineering departments  of  our  various  factories  are  be- 
coming more  and  more  merchandising  engineers.  In  the 
old  days,  it  was  customary  to  build  a  model  without  con- 
sulting the  distributing  organization  and  to  send  it  out 
and  say,  "There  it  is!  Sell  it!"  It  made  no  difference 
whether  the  model  met  the  public  demand  or  whether  the 
resistance  in  selling  it  was  extremely  keen,  the  engineer 
felt  it  was  right  and  what  the  public  ought  to  have.  It 
was  difficult  indeed  to  sell  some  of  those  models. 

We  see  a  very  strong  tendency  now  for  the  engineer- 
ing department  to  consult  more  and  more  with  both  the 
service  and  the  distributing  organizations  to  ascertain 
whether,  if  it  should  build  a  certain  type  of  model  with 
certain  features,  there  would  be  a  ready  sale  for  it. 

One  of  the  main  factors  that  exists  to  the  detriment  of 
service  consist-  of  broken  promises.  If  I  am  told  that  I 
will  have  my  car  repaired  and  ready  at  a  certain  time, 
nothing  will  exasperate  me  more  than  to  receive  a  tele- 
phone message  that  I  cannot  have  the  car  until  several 
later  Our  service  departments  should  strive  to 
IN   thai  they  dp  not  make  promises  they  cannot  keep. 

Another  thing  regarding  which  our  service  depart- 
ment i  remely  negligent  is  the  matter  of  "selling" 
the  service  that  we  have.  I  am  pretty  well  sold  in  favor 
ol  the  llat-rate  system,  but  I  think  we  still  have  to  sell 
it  to  the  public;  and,  more  than  selling  the  flat-rate  sys- 
tem to  the  public,  we  should  sell  what  is  back  of  the  flat 
rate  and  show  why  the  flat-rate  system  is  better  for  the 
customer,  the  efficiency  that  has  been  brought  into  our 
service  department  that  has  enabled  us  to  put  out  a 
flat-rate  that  is  fair,  and  the  like. 
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ALTHOUGH  the  problem  of  efficient  lubrication  has 
been  made  the  subject  of  considerable  investiga- 
.  tion  during  the  course  of  the  last  few  years,  it 
is  a  noticeable  fact  that  while  the  theoretical  side  of 
the  work  has  received  extensive  development,  notably 
from  Osborne  Reynolds,  Sommerfield,  Michell  and  Mar- 
tin, the  experimental  side,  represented  by  the  researches 
of  Tower,  Stribeck  and  Lasche  among  others,  has  been 
confined  entirely  to  measurements  of  pressure  distribu- 
tion, temperature  changes  and  shear  or  frictional  resist- 
ance, no  direct  attempt  having  been  made  apparently  to 
determine  experimentally  the  actual  thickness  of  an  oil 
film  or  to  discover  in  what  way  this  thickness  changes 
with  variations  in  the  load,  the  rubbing  speed  and  the 
viscosity.  With  the  express  object  of  filling  this  gap  in 
what  must  of  necessity  be  regarded  as  a  subject  of  in- 
creasing practical  importance,  owing  to  the  recent  rapid 
developments  in  turbine  construction,  an  experimental 
investigation  of  an  essentially  preliminary  character  has 
been  carried  out  during  the  past  year  at  the  College  of 
Technology,  Manchester. 

The  apparatus  employed  was  designed  specially  for  the 
purpose,  and  the  measurements  of  the  oil-film  thickness 
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Fig.   1 — Front  and  Side  Elevations  of  a  Machine  Developed  in 
England    To   Measure   the   Thickness    and    Resistance   of   Oil- 
Films   in   High-Speed   Bearings 

and  the  shear  or  frictional  resistance  that  have  been 
obtained  from  it  up  to  the  present  appear  to  be  of  suffi- 
cient interest  to  justify  their  publication.  The  appa- 
ratus, which  is  shown  in  Fig.  1,  consists  essentially  of 
a  cast-iron  casing  a,  provided  with  two  gun  metal  bear- 


"M  Y, 


Fig. 


-Dugram    Illustrating    the   Principle    upon    Which    the 
Machine  Operates 


•Reprinted  from  Engineering    (London). 


ings  in  which  runs  the  mild  steel  journal  6,  speeds  of 
from  2500  to  6000  r.p.m.  being  obtained  by  a  belt  drive 
from  a  small  electric  motor.  The  central  portion  of  the 
journal,  2%  in.  in  diameter,  is  embraced  by  two  opposing 
symmetrically-shaped  white  metal  bearings  cc,  each  4  in. 
long  and  carefully  scraped  to  fit  the  journal  as  exactly 
as  possible  over  an  arc  of  contact  of  90  deg.  These 
bearings  are  secured  to  two  arms  dd,  which  are  held 
together  by  two  independent  links  provided  with  knife- 
edge  attachments.  The  lower  pair  of  these  knife-edges 
ee,  are  maintained  at  a  fixed  distance  apart,  while  the 
upper  pair  //  are  relatively  movable,  being  controlled 
by  the  calibrated  spring  g,  which  can  be  compressed  by 
the  wing  nut  h  so  that  any  desired  pressure  can  be  ex- 
erted by  the  bearings  on  the  journal,  the  lower  knife- 
edges  acting  as  a  fulcrum.  The  weight  of  the  arms  and 
their  various  fittings  is  counterbalanced  by  a  four-rod 
suspension  to  relieve  the  journal  of  all  vertical  pressure, 
the  position  of  these  points  of  suspension  on  the  arms 
being  chosen  so  as  to  maintain  just  sufficient  rotational 
stability  about  the  journal  axis  to  keep  the  arms  in  their 
normal  vertical  position,  while  not  interfering  with  pos- 
sible displacement  of  the  arms  relative  to  one  another. 

The  casing  is  filled  with  oil  to  a  level  of  about  3  in. 
above  the  top  of  the  journal,  a  copper  water  circulation 
coil  being  inserted  in  the  lower  half  of  the  casing  to 
facilitate  temperature  regulation.  The  method  of  opera- 
tion of  the  apparatus  is  briefly  as  follows :  Referring  to 
Fig.  2  and  assuming  that  the  two  white  metal  bearings 
i  and  j,  are  initially  in  contact  with  the  journal  and 
under  the  influence  of  pressure  due  to  the  spring,  a  ro- 
tation of  the  journal  in  the  direction  indicated  will  result 
in  a  wedge-shaped  film  of  oil  being  introduced  between 
each  brass  and  the  journal,  the  thickness  of  this  film 
being  dependent  upon  the  pressure,  the  rubbing  speed 
and  the  viscosity  of  the  oil.     The  formation  of  this  film 
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By  be  accompanied  by  small  displacements 
olding  the  brasses,  the  on.  nt  to  the 

.otion  being  that  supplied  by  the  spring.  The 
motion  of  each  arm  may,  in  fact,  be  considered  as  com- 
bined of  a  translation  parallel  to  the  vertical  axis  Y  Y 
and  an  angular  rotation  through  an  angle  y  about  the 
-  knife-e- Ij 
To  measure  these  relative  displacements,  shown  much 
enlarged  in  the  figure,  two  micrometers,  one  vertical  and 
the  other  horizontal  are  fitted  at  the  end  of  the  arms, 
the  measurements  thus  obtained  enabling  the  actual  dis- 
placement of  the  brasses  relative  to  the  journal  and  the 
thickness  of  the  film  to  be  calculated.  The  shear  or 
frictional  resistance  was  determined  by  the  measurement 
of  the  horizontal  force  required  at  the  end  of  the  arms 
to  counteract  the  turning  effect  about  the  journal  axis 


and  maintain  the  arms  in  their  normal  vertical  position. 
It  will  be  seen  that  if  ft  represents  the  angle  between 
radius  k  I  m  and  the  lines  joining  the  center  of  the 
journal  /  to  the  displaced  centers  n  and  o  of  the  brasses, 
the  thickness  of  the  film  at  this  point  will  be  given  by 
the   formula 

t  =  e  cos     ♦ 

where  I  is  the  eccentricity  or  distance  between  the  center 
Of  the  journal  and  the  center  of  the  lirass.  Also,  if  a 
is  the  angle  between  the  line  of  centers  and  the  vertical 
axis  Y  V.  the  thickness  of  the  oil  film  at  the  inlet  and 
the  outlet  will  be  given  by  the  formulas 

t,  =  e  cos  (a  —  «) 
U=  e  cos  (P  — 8) 

The  values  for  6  and  x  can  be  calculated  from  the  mi- 
crometer measurements  and  the  known  dimensions  of  the 
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apparatus.  The  oil  used  throughout  the  tests  was  Price's 
geared  turbine  oil,  having  a  .specific  gravity  of  0.88  at 
60  deg.  fahr.     The  viscosity  was  determined  in  the  first 

uice  by  a  Michel]  viscometer  having  a  constant  14.4, 
the  results  obtained  thereby  being  checked  by  an  addi- 
tional series  of  observations  made  with  a  standard  Red- 
wood instrument,  a  calibration  formula  being  applied  to 
reduce   the   times   of   outflow    to    absolute    units   of    vis- 

■ -.-  or  dyn<  quare  centimeter,  as  given  directly 

by  the  Michell  instrument.  The  agreement  between  the 
two  methods  was  very  satisfactory  and  the  viscosity- 
temperature  curve  is  shown  in   Pig.  :'.,  the  relationship 

een  the  two  variables   over  the  temperature  range 
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used  being  expressed  to  a  close  approximation  by  the 
formula: 

X  =  1980-=-  (T  —  32)* 
where 

X  =  viscosity  in  dynes  per  square  centimeter 

T  =  temperature  in  degrees  fahrenheit 

The  procedure  adopted  when  taking  observations  was 
briefly  as  follows:  The  oil,  brought  to  the  required  tem- 
perature by  the  rotation  of  the  journal  with  the  spring 
set  for  some  convenient  load,  was  maintained  at  this 
temperature  by  regulating  the  flow  of  cooling  water 
through  the  coil  until  the  whole  apparatus  had  become 
correspondingly  warmed  up.  The  journal  was  then 
stopped  and  the  spring  correctly  adjusted  to  give  the 
desired  test  load  on  the  brasses.  Initial  zero  readings 
having  been  taken,  the  journal  was  restarted  and  meas- 
urements made  for  a  series  of  gradually  increased 
speeds,  at  the  end  of  which  the  journal  was  stopped  and 
zero  readings  again  taken  as  a  check. 

An  analysis  of  the  complete  set  of  results  indicates 
that  within  the  limits  of  the  experiments  which  were 
from  39.5  to  117.5  lb.  per  sq.  in.  for  load;  28  to  67  ft. 
per  sec.  for  rubbing  speed;  and  0.416  to  0.157  centimeter- 
gram-second  units  for  viscosity,  the  eccentricity  e  and 
the  intensity  of  shear,  o,  or  its  equivalent  us,  may  be 
expressed  to  a  very  close  degree  of  approximation  by  the 
formulas 

e  =  0.00986   [(\o.46yo.7i)  _^  po.75]   inches 
P  =  0.0370  X»-420  .yo-4"  .po.375  pounds  per  square  inch 
where 

X  =  the  viscosity  in  dynes  per  square  centimeter 

V  =  the  rubbing  speed  in  feet  per  second 

p  =  the  intensity  of  pressure  on  the  brasses  in  pounds 
per  square  inch 
The  intensities  of  pressure  and  shear  are  reckoned  on 
the  full  projected  area  of  the  journal,  10  sq.  in.  In  put- 
ting forward  these  formulas  we  reserve,  until  more  com- 
plete data  are  available,  the  divising  of  rational  formulas 
which  shall  be  applicable  to  all  similar  bearings,  and 
they  are  put  forward  merely  as  a  compact  method  of 
recording  the  actual  observations.  These  formulas  do 
YtOt  compare  unfavorably  with  the  purely  theoretical 
formulas 

e  =  cv'(XV-4-P) 
P  =  KV(WP) 

the  discrepancy  affecting  the  indices  being  possibly  at- 
tributable to  the  combined  effect  of  the  lateral  flow  or 
side  leakage  and  the  variation  of  the  viscosity  along  the 
arc  of  contact  due  to  the  rise  of  the  temperature  of  the 
oil  film,  both  of  which  factors  are  neglected  in  the  simple 
theoretical  treatment. 

It  is  important  to  notice,  however,  that  both  the  ex- 
perimental and  theoretical  formulas  are  in  agreement 
respecting  the  dependence  of  shear  on  the  load,  this  fact 
being  in  direct  opposition  to  the  usually  accepted  state- 
ment that  the  shear  is  independent  of  the  pressure. 
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Reference 


Fig.    6- 


-Values   of   Shear   Can   Be   Determined   Readily   bt   thb 
Use  of  this  Nomogram 


A  further  point  of  interest  is  that  the  position  for 
the  line  of  centers  with  reference  to  the  vertical  axis 
Y  Y  appears  to  be  independent  of  the  load  and  speed 
and  only  slightly  dependent  upon  the  viscosity,  the  angle 
only  altering  3  deg.,  from  66  to  63  deg.,  as  the  viscosity 
changes  from  0.416  to  0.157  dynes  per  sq.  cm.  The  ratio 
between  the  inlet  and  outlet  thickness  of  the  oil  film 
shows  a  corresponding  change  from  2.6  to  3.0. 

The  results  obtained  for  a  total  load  of  592  lb.,  corre- 
sponding to  59.2  lb.  per  sq.  in.  on  the  bearing,  are  shown 
in  Fig.  4,  the  curves  being  drawn  to  correspond  with  the 
experimental  formulas  given  above.  Similar  sets  of 
curves  were  obtained  for  the  four  other  loads  that  were 
tested.  In  addition  two  nomograms,  Figs.  5  and  6,  have 
been  constructed  for  the  easy  determination  of  values 
for  eccentricity  and  shear  for  any  combination  of  X,  P, 
and  V. 

The  experimental  work  described  is  at  the  moment 
being  extended  further  to  investigate  the  effects  of  vary- 
ing the  arc  of  contact,  the  length  of  the  bearing  and  the 
diameter  of  the  journal.  It  is  hoped  that  these  addi- 
tional tests  will  help  to  throw  more  light  on  what  is  un- 
questionably a  difficult  and  complicated  subject. 


EFFECT  OF  OXYGEN  UPON  FORGING  PROPERTIES 


A  SHORT  series  of  iron-sulphur-manganese  alloys  has  been 
prepared  by  melting  under  air  at  the  Bureau  of  Stand- 
ards, for  comparison  with  a  portion  of  a  similar  series  pre- 
pared in  the  Arsem  vacuum  furnace,  to  determine  whether 
the  presence  of  oxygen  in  the  alloy  influences  the  sulphur 
limit  and  the  manganese-sulphur  ratio  for  successful  forging. 
It  has  been  necessary  to  develop  a  new  type  of  refractory 
crucible  for  use  in  preparing  the  carbon  alloys  of  the  vacuum- 


fused  series  of  this  investigation.  Manganese  crucibles  are 
not  desirable  on  account  of  the  slagging  out  of  the  sulphur. 
Zirconium  silicate  crucibles  served  satisfactorily  for  the 
preparation  of  the  iron-sulphur  and  iron-sulphur-manganese 
alloys,  but  with  the  addition  of  carbon,  the  alloys  are  con- 
taminated by  silicon.  Tests  are  now  in  progress  to  determine 
the  suitability  of  a  crucible  the  chief  constituent  of  which 
is  zirconium  oxide. 
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1  mi  k   Builder*    Recommend   Elimination   ol    Standard 

I  \»n-\\  ire  5j -ti  in 

ng  of  the   Lighting  Division   it   was   con- 
tain   an    indication    from   the    niotor- 
.  ice  obtained  with  bases,  rockets 
and  forming  to  the  S.  A.  E.  standards  for  one 

and   ■  for   electrical   apparatus  on   gasoline 

The  information  obtained  as  a  result  of  circulariz- 
ing the  truck  companies  showed  that  they  are  practically 
unanimo..  ring  the  one-wire  over  the   two-wire   gys- 

ral   manufacturers   using  the  two-wire   systems   in- 
ference for  the  one-wire  system.     The  replies 
to  the  question  as  to  whether  a  standard  should  be  continued 
for  both  systems  indicated  a  decided  preference  for  retaining 
re  or  ground-return  system, 
•he  present  standards  had  been  criticized  from  time  to 
time   to  the  effect   that   they  do   not   stand-up   under   severe 
trucf.  information   was   requested   on   what   troubles 

had    been    experienced.      The    principal    difficulties    reported 
were  poor  workmanship  and  poor  ground  connections.     One 
or    two    manufacturers    believed    that    the    present    standard 
i  small  for  motor-truck  applications. 
Through  the  American  Petroleum  Institute  comments  were 
received   from   the  Advisory   Committee  on    Fire   Prevention 
and  Protection  to  Life  and  Property  as  to  the  use  of  the  one- 
wire  and   two-wire  for   gasoline  tank   trucks  which 
showed  the  refiners  are  evenly  divided  as  to  which   system 
should  be  used.    The  argument  was  advanced  by  several  that 
the  two-wire  system  gives  little  more  protection  from  short- 
lits   than   the  one-wire  system  on   the  basis  that   if  one 
wire    becomes   grounded    there    is    no    indication    of    such    a 
ground,  with  the  result  that  the  system  becomes  practically 
a  one-wire  system,  another  ground  on  the  opposite  side  of  the 
] it  already  grounded  causing  a  short-circuit. 


MVI'mIM    <   \i:i;u\   K\ \(,E  DISCUSSED 


In.n    and    Steel    Division    Decides   Change   in    10-Point 

_••    I-  Nni  Desirable 

10-point    carbon    range    in    the 

lid   be   'hanged   as 

described  •'  Tut.  .Joi  BNAL  was  dis- 

gth  at  the  May  meeting  of  the  Iron  and 

r  than   to   lay 

>f  the  absence  of  propoi 

■id  alloy-ran/.         General   discussion 

the   nan  :"   the   carbon    range 

>om   a   metallurgical   standpoint   and 

tho  •    mannfac- 

'luantities  as  to  permit  se- 

the  averat"-  iteel  purchaser 

oposrtions,  the  applica- 

0  is  purchasing 

'hat  the  subject  will  be 

discussed    in   further   detail    at   subsequent    meetings   of   the 

The  subject  of  high-chromium  steel  was  discussed  at  the 


last  meeting,  the  subject  having  been  assigned  to  the  Division 
by  the  Council.  In  order  to  facilitate  the  work  of  the  Di- 
vision. B.  M.  DeLong,  of  the  Carpenter  Steel  Co.;  H.  J. 
.r.  of  the  Halconil)  Steel  Co..  and  K.  H.  Mavis,  of  the 
ng  Steel  Co.,  were  appointed  a  Subdivision  to  prepare 
a  preliminary  report. 


HIGH    M  IS  AN  AID  IN   SER\  ICING 


\uts  Higher  Than  S.    \.  K.  Standard  Developed  to  In- 
crease    Accessibility 

The  present  S.  A.  E.  Standard  plain  and  castle  nuts  are 
designed  so  that  the  height  permits  sufficient  thread  to  de- 
velop a  shearing  strength  equivalent  to  the  tensile-strength 
of  the  bolt.  It  has  been  found,  however,  that  when  the 
standard  nuts  are  used  in  more  or  less  inaccessible  places  it 
is  extremely  difficult  to  obtain  sufficient  hold  with  a  wrench 
to  permit  easy  removal  or  to  obtain  the  proper  tightness. 

A  type  of  nut  has  therefore  been  developed  by  engine 
builders  that  has  a  height  considerably  greater  than  that  of 
the  standard  nut.  Experience  has  shown  that  the  use  of 
these  special  nuts,  sometimes  called  "high  nuts,"  are  of  con- 
siderable value  from  a  servicing  point  of  view  and  facilitate 
assembly. 

The  advisability  of  establishing  a  definite  standard  for 
sucb  nuts  has  been  referred  to  the  Screw-Threads  Division. 
To  determine  to  what  extent  these  special  nuts  are  used  in 
practice,  the  Standards  Department  has  circularized  manu- 
facturers and  users  for  information  as  to  present  practice. 


STORAGE-BATTERY  REVISIONS  PROPOSED 

Division  Arts  on  Automotive  Simplified  Practice  Com- 
mittee's  Recommendations 

At  a  meeting  of  the  Storage-Battery  Division  held  on  May 
1 7  recommendations  were  received  from  the  Automotive 
Simplified  Practice  Committee  as  a  result  of  a  survey  made 
of  the  storage-battery  situation  in  the  automotive  industry. 
The  survey,  which  indicated  that  over  85  per  cent  of  the  bat- 
teries used  conform  to  the  present  S.  A.  E.  Standard  for 
storage-battery   di it  was  made   in   pursuance  of  the 

work  of  reviewing  the  extent  of  use  of  the  more  important 
automotive  standards  that  affect  replacements,  in  an  etl'oit 
to  further  their  adoption  in  practice. 

The  Automotive  Simplified  Practice  Committee  recom- 
mended that  the  Storage-Battery  Division  establish  definite 
storage-battery  compartment  lengths  that  would  be  satisfac- 
tory for  the  standard  storage-battery  sizes,  the  length  being 
•ed  so  that  batteries  of  larger  capacity  than  the  orig- 
inal equipment  might  be  used  if  desired;  that  the  Storage- 
Battery  Division  review  the  present  S.  A.  E.  Standard  to 
determine  if  any  revisions  are  desirable;  that  definite  dimen- 
sions for  the  hold  down  device  be  included  in  the  existing 
standard;  that  the  Division  circularize  all  automobile  com 
panics  to  determine  if  they  are  using  the  storage-battery 
artment  dimensions  to  be  recommended  and,  if  not,  if 
it  will  be  possible  for  them  to  use  such  dimensions  in  future 
production. 

As  the  result  of  these  recommendations,  the  Division  pro- 
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posed  the  following  revisions  in  the  existing  S.  A.  E.  Stand- 
ard for  Storage-Batteries,  p.  B23  of  the  S.  A.  E.  Handbook  : 

Storage-battery  compartment  lengths  shall  be  11, 
12%    and   13%   in. 

The  depth  of  storage-battery  compartments  meas- 
ured from  the  bottom  of  the  compartment,  not  from  the 
top  of  the  wood  strips  in  the  compartment,  shall  be 
10%    in. 

Hold-down  devices  shall  be  attached  at  the  top  of 
each  end  of  the  battery  case,  not  at  the  top  of  the 
handles. 

The  hole  for  the  battery  hold-down  rod  shall  be  %  in. 
in  diameter,  located  on  the  center-line  of  the  battery 
and  3/16  in.  from  the  end  of  the  battery  case.  The 
maximum  overall  lengthwise  dimension  of  the  hold- 
down  device  shall  be  17/32  in. 

Battery  sizes  Nos.  4  and  9,  which  are  no  longer  used 
as  original  equipment,  shall  be  eliminated. 


MOLYBDENUM  STEELS 

The  subject  of  standardization  of  molybdenum  steel,  as- 
signed to  the  Iron  and  Steel  Division  by  the  Council,  was 
discussed  at  the  last  meeting  of  the  Division.  In  order  that 
information  might  be  obtained  as  to  present  practice  and 
tentative  specifications  for  chemical  compositions  formulated, 
the  subject  was  referred  to  the  Subdivision  on  Chromium 
and  Chromium- Vanadium  Steel,  of  which  M.  H.  Schmid,  of 
the  United  Alloy  Steel  Corporation,  is  chairman. 


FLEXIBLE-DISC   STANDARD   PROPOSED 


Tentative  Subdivision  Report  on  Universal-Joint  Flexi- 
ble Discs  Circularized 

At  the  present  time  an  unnecessarily  large  number  of  uni- 
versal-joint flexible-discs  are  in  general  use,  owing  to  the 
unguided  development  of  this  unit.  This  condition  naturally 
worked  an  undue  hardship  upon  the  flexible-disc  manufac- 
turers, as  well  as  in  servicing.  Appreciating  these  conditions, 
the  Parts  and  Fittings  Division  appointed  a  Subdivision, 
consisting  of  C.  W.  Spicer,  of  the  Spicer  Mfg.  Corporation, 
and  E.  W.  Templin,  of  the  Goodyear  Tire  &  Rubber  Co.,  to 
review  the  situation  and  submit  a  preliminary  recommenda- 
tion as  to  what  flexible-disc  dimensions  should  be  included  in 
an  S.  A.  E.  Standard,  provided  it  should  be  desirable  to 
formulate  one. 

As  a  result  of  considerable  study  of  present  practice  and 
the  fundamental  conditions  under  which  universal-joint 
flexible  discs  operate,  the  Subdivision  submitted  a  series  of 
nine  sizes  of  flexible  disc  and  corresponding  torque  ratings, 
the  sizes  being  in  accordance  with  the  most  desirable  en- 
gineering practice.  The  preliminary  recommendation  is 
given  in  the  accompanying  table. 

In  submitting  the  report,  the  Subdivision  states  that  the 
maximum  and  average  torque  to  be  transmitted  through  the 
disc  should  not  exceed  that  specified  if  the  most  efficient 
service  is  to  be  obtained.     The   maximum  torque   rating  is 


<-T 


Nomi- 
nal 

Out- 
side 
Dia- 
meter 

D 
±0.030 

Inside 

Dia- 
meter 

d 
±0  030 

Bolt- 
Circle 
Dia- 
meter1 

B 
±0  015 

F 

G 
±0  010 

Bolt- 
Hole 
Dia- 
meter 

b 
+0  000 
-0.010 

Thick- 
ness 

T\ 

+0  030 
-0  010 

Torque  Ratines, 
Lb-In.  Per  Disc 

Size 

Maxi 
mum 

Aver- 
age 

6      X>4 

6.000 

2.250 

4.625 

1.875 

2  3125 

0  500 

0.250 

910 

225 

6'/ixK 

6.500 

2.375 

5.000 

2.000 

2.500 

0.500 

0.250 

1,060 

260 

b}&* 

6.500 

2.375 

5.000 

2.000 

2.500 

0.500 

0  313 

1,320 

330 

7    xft 

7.000 

2.625 

5  250 

2  125 

2  625 

0  500 

0  313 

1,520 

380 

7H*& 

7  StMl 

2.750 

5,625 

2  375 

2  813 

0.500 

0  313 

1.740 

430 

V/nYi 

7.500 

2.750 

5.625 

2  375 

2.813 

0.500 

0  375 

2,080 

520 

8    x% 

8.000 

3.000 

6  000 

2.500 

3  000 

0.625 

0  375 

.'.Mill 

590 

8J&H 

8  500 

3.000 

6.250 

2.750 

3  125 

0.625 

0  375 

2,650 

660 

9    xH 

9.000 

3  250 

6.500 

2.875 

3.250 

0.625 

0.375 

2,950 

740 

'The  thickness  of  a  single  disc  shall  not  vary  by  more  than  0.020  in. 

based  on  an  allowable  stress  of  325  lb.  per  sq.  in.  of  cross- 
section  of  the  disc,  and  the  average  torque  rating  is  based 
on  a  stress  of  80  lb.  per  sq.  in.  The  ratings  are  intended  for 
normal  conditions  of  speed  and  alignment,  it  being  stated 
that  in  general  discs  will  not  give  good  service  in  installa- 
tions where  the  angle  between  the  shafts  exceeds  7  deg. 

At  the  request  of  the  Subdivision  the  Standards  Depart- 
ment submitted  copies  of  the  preliminary  report  to  manu- 
facturers of  flexible  discs  and  users  of  flexible-disc  universal- 
joints,  requesting  definite  comments  on  the  following  points: 

(1)  The  desirability  of  the  standardization  proposed. 

(2)  Whether  the  list  of  suggested  sizes  would  meet  all 

probable  requirements  of  the  industry. 

(3)  Objections  to  any  dimensions  or  sizes  specified,  to- 

gether with  the  definite  recommendations  as  to 
substitutions. 

(4)  Objections  to  any  of  the  torque  ratings  proposed, 

together   with    definite    recommendations    as   to 

substitutions. 
The  Subdivision  will  review  the  preliminary  report  in  the 
light  of  all  comments  received  and  the  report,  revised  if 
found  desirable,  will  then  be  submitted  to  the  members  of 
the  Parts  and  Fittings  Division  in  accordance  with  the  regu- 
lar standardization  procedure. 


OBITUARY 


William  W.  Dean,  an  electrical  engineer  for  the  United 
States  Cartridge  Co.,  Lowell,  Mass.,  died  of  heart  failure 
on  May  3,  1923,  while  in  New  York  City  on  a  business  trip, 
aged  59  years.     He  was  born  July  8,  1863,  at  Fairfield,  Iowa. 

Following  his  general  education  he  was  an  engineer  for 
the  Bell  Telephone  Co.,  St.  Louis,  from  1882  to  1897,  and  for 
the  American  Telephone  &  Telegraph  Co.,  Boston,  from 
1897  to  1898.  He  was  chief  engineer  of  the  Kellogg  Switch- 
board &  Supply  Co.,  Chicago,  from  1898  to  1900,  and  experi- 
mental engineer  for  the  Western  Electric  Co.,  Chicago,  from  ' 
1900  to  1904.  Becoming  president  and  chief  engineer  of 
the  Dean  Electric  Co.,  Elyria,  Ohio,  in  1904,  he  continued 
this   connection  until  1911   and  then  was  vice-president  and 


chief  engineer  of  the  Dean  Auto  Devices  Co.,  Chicago,  until 
1914. 

As  a  consulting  engineer,  he  was  connected  with  the 
Stromberg  Carlson  Telephone  Mfg.  Co.,  Rochester,  N.  Y., 
from  1914  to  1915,  and  with  the  Splitdorf  Electrical  Co., 
Newark,  N.  J.,  following  1915,  where  he  designed  and  devel- 
oped inventions  pertaining  to  electrical  equipment  for  auto- 
mobiles. Subsequently,  his  activities  continued  along  con- 
sulting electrical  engineering  lines  in  Stamford,  Conn.;  New- 
ark, N.  J.,  and  Chicago,  until  he  associated  himself  with 
the  United  States  Cartridge  Co.  Throughout  his  career,  he 
specialized  in  electrical  invention  and  design.  He  was 
elected  to  Member  grade  in  the  Society,  Jan.   10,  1917. 
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Botbt,  Thomas,  president   and    chief   engineer.   Bovey   Automobile 
■  >  ago. 

Baoci  ng    manager.    Bl  Mfg.   Co.. 

•nore. 

Bbonson.  Adsxbbxt  E.,  secretary.  Dill  Mfg.  Co..  Cleveland. 

Bstant.  WiuTtcr.  Robot-,  engineer.  Hole  &  Bryant.  Taunton,  Somer- 
En  gland. 

Cutof.  Msxeleo  G..  student,  Cornell  University.  Ithaca.  .V    J". 

CiM.   Hakst   R.    inspector  and   tester   of   electrical   tracks,   Ward 

■ 

(■•ham.  L.  C.  *  Co.,  81  Franklin  Street.  Boston. 

Cxaua,   Walks*.    L.    cadet    engineer.    Public    Service    Electric    Co.. 

Cost  •  Splcei    Mfg.  Corporation,  South  Plain- 

Coox,  Rot  rn  manager  of  sales,  Westlnghouse  D 

-    air,    Pa. 

■l,  .v  r. 
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■-■■.  At.rr.n  Central  M 

London,   England 
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Matbs    u     a     chief  engineer.  Martin-Parry  Corporation.  York,  Pa. 

Miller.  Joseph  J  .  designing  engineer,  Belmont  Motors  Corporation, 
ulon.  Pa. 

in,    Kkoinai.ii.    chief    mechanic,    Borden    Farm    l'roclucts    Co.. 
Brooklyn,  K.  T. 

Newton,  f.  I.,  secretary,  G.  &  O.  Mfg.  Co.,  -Veto  Haven,  Conn. 

Ofensend,    Chase    F.,    mechanical    engineer,    Miller    Rubber    Co., 
Akron,   Ohio. 

1'anek,  Esra,  engineer.  Globe  Machine  &  Stamping  Co.,  Cleveland. 

Petersen.   Ftvino.   die-casting   engineer,    Fairbanks,   Morse   &    Co., 
Beloir,  Wis. 

1'"Tter.  Kric.  consulting  engineer.  Commerce  Chambers,  Parliament 
Street.  .Voflinpnani,  England. 

Radford,  W.  H..  vice-president.  Balboa  Motor  Corporation.  Detroit. 

Satterthwaite.   Gbobob.   manager   of   steel   works.   Henry   Dlsston 
&  Sons,   Tavony,  Philadelphia. 

Shield.  John,  assistant  engineer.  Northern  Electric  Co..  Montreal, 
Que.,  Canada. 

Smith,    J.    LrrSET,    manager    of    lubricating    department.    Midland 
mg  Co..  El  Dorado,  Kan. 

Starck,  W.  A.,  engineer.  Badger  Mfg.  Co..  Afi/toatifcce. 

Stein.  Cb  mills  M  .  director.  Soclete  des  Automobiles.  Paris,  France. 

STBOM  \  ,    vice-president,    U.    S.    Ball    Bearing   Mfg.    Co., 

Chicago. 

Sttri,  Haakon,  chief,   8.   K.   P.   Research  Laboratory.  Philadelphia. 

Sii.i.ivan.    Alan     P.,    chief    engineer,    Stackpole    Carbon    Co.,    St. 
Maryt,    Pa. 

Thomas.  Michael,  experimental  engineer,  Stromberg  Motor  Pevlces 
Co.,  Chicago. 

.  Ralph   I  University  of  Illinois,  Urbann,  III. 

WaUj.    Max.    motor    engineer,    M«3    Wall    &   Co.,    Ltd.,    TTcJIinofon, 
Sew  Zealand. 


■Ikomeku. Tokyo,  Japan. 

ration,    St. 

Elgin    National 
Wat- 

Gkas»e*.  J  Motors  Corporation.  !>• 

.  assistant  service  manag-  '   >•<//  Inland 

•  ales  manager.   Bovey  Automo' 


Wai.ti  Milton,  mechanical   engineer.  General   Motors  Re- 

search  Corporation,   Dayton,  Ohio. 

Werra,  Jti.itH    W.   asststl  Verra  Aluminum   Foundry 

Waukesha,   Wis. 

Wertzhki  manager,    Lawranoc    Aero    Engine 

York  City. 

Wir.i.i.K.  E.  HoWei.i.,  student,  Ohio  State  University,  Columbus,  Ohio. 

Wood.   Ai.l-klt   ETbjsjbt,  automobile  engineer,   G.  C.   Gooderham  Co., 
Toronto,   (jnt.,  Canada. 

.-wall,  L,   A ..  president,  Weldlesa  Tube  Co.,  Wooster,  Ohio. 


Vol.  XIII 


July,  1923 


No.  1 


APPLICANTS  QUALIFIED 


107 


Applicants 
Qualified 


The  following  applicants  have  qualified  for  admission 
to  the  Society  between  May  10  and  June  9,  1923. 
The  various  grades  of  membership  are  indicated  by  (M) 
Member;  (A)  Associate  Member;  (J)  Junior;  (Aff) 
Affiliate;  (S  M)  Service  Member;  (F  M)  Foreign  Member; 
(E   S)    Enrolled   Student. 


Adams.  James  R.  (M)  superintendent  of  research  department  and 
plant  metallurgist,  Nicetown  plant,  Midvale  Steel  &  Ordnance 
Co.,  Philadelphia,    (mail)  Hatboro,  Pa. 

Alexander,  Donald  (M)  Edward  G.  Budd  Mfg.  Co.,  Philadelphia, 
(mail)   121  West  Springfield  Avenue. 

ANDERSON,  J.  A.  (E  S)  student.  University  of  Minnesota,  Minne- 
apolis, (mail)    1211  Seventh  Street,  South. 

Ballentine,  William  I.  (M)  vice-president,  Advance-Rumely  Co., 
LaPorte,  Ind.,  (mail)  1402  Indiana  Avenue. 

Beeler,  William  Russell  (E  S)  student,  University  of  Michigan, 
Ann  Arbor,  Mich.,   (mail)    514  Cheever  Court. 

Bellows,  Ltman  H.  (A)  Detroit  sales  office,  Walden-Worcester, 
Inc.,  Worcester,  Mass.,  (mail)  5-107  General  Motors  Building, 
Detroit. 

Benet,  Laurence  V.  (M)  vice-president,  Sc~iete  Anonyme  des 
Anciens  Establissements  Hotchkiss  &  Cie.  St.  Denis,  Seine, 
France,   (mail)   22  Rue  Caumartin,  Paris,  France. 

Blackmore,  Charles  C.  (A)  owner.  Charles  C.  Blackmore  Co., 
1015  East  Fifth  Street,  Dayton,  Ohio. 

Bowman,  John  Alden  (A)  comptroller  in  charge  of  finances  and 
general  management,  John  W.  Brown  Mfg.  Co.,  Columbus,  Ohio. 

Brooke.  Harold  Lee  (J)  sales  and  service  engineer,  C.  G.  Spring 
Co.,  Detroit,  (mail)   2736  Virginia  Park. 

Burke.  Edmund  L.  (A)  technical  correspondent,  Moto-Meter  Co.,  15 
Wilbur  Avenue,  Long  Island  City,  N.  Y. 

Carter.  H.  A.  (A)  vice-president  and  sales  manager,  George  R. 
Carter  Co.,  Connersville,  Ind..   (mail)   ISIS  Indiana  Avenue. 

Catlin,  Aurel  A.  (E  S)  student.  Michigan  Agricultural  College. 
East  Lansing,  Mich.,  (mail)   Dorian  House. 

Cone,  Logan  J.  (E  S)  student.  University  of  Cincinnati,  Cincinnati, 
(mail)   220  South  C  Street,  Hamilton,  Ohio. 

Cowan.  Gerald  A.  (E  S)  student.  University  of  Cincinnati,  Cincin- 
nati,   (mail)    2967  Sheridan  Avenue,  Detroit. 

CRain.  Allan  Meter  (E  S)  student.  University  of  Cincinnati,  Cin- 
cinnati, (mail)   5S11  Glenview  Avenue. 

Davis.  Lewis  K.  (M)  managing  director.  Roadless  Patent  Hold- 
ing Co.,  City  of  Washington,  (mail)  10  East  Kirk  Street,  Chevy 
Chase,  Md. 

DesRoches.  Philip  W.  (J)  special  student.  Ford  Motor  Co.,  High- 
land Park,  Mich.,   (mail)    612  Ferry  Avenue,  East,  Detroit. 

Dibblee.  Walter  Augustus,  Jr.,  (E  S)  student,  University  of  Cin- 
cinnati, Cincinnati,  (mail)   2624  Scioto  Street. 

Donner  Steel  Co.    (Aff)   Buffalo. 
Representatives : 

Greenameyer,  A.  G.,  assistant  to  general  superintendent. 
Vosmer,  W.  F.,  general  manager  of  sales. 

Drumm.  Edgar  A.  (A)  principal,  Y.  M  C.  A.  Automobile  School, 
1736  G  Street,  Northwest,  City  of  Washington. 

Dubois,  Chester  B.  (M)  mechanical  engineer.  Jones  Speedometer, 
Inc.  Xew  Rochelle,  N.  T.,  (mail)  313  Wolfs  Lane,  Pelham, 
N.  Y. 


Dunning,  Leighton  (M)  assistant  to  president  and  engineer,  John 
Warren  Watson   Co.,   24th  and  Locust  Streets,  Philadelphia. 

DuPont,  V.  H.  Meter  (A)  founder,  publisher  and  sole  owner,  Pub- 
lication Office,  5  Hongkong  Road,  Shanghai,  China,  (mail)  Box 
994  United  States  Post  Office. 

Frost,  Leon  E.  (E  S)  student,  University  of  Michigan,  Ann  Arbor, 
Mich.,  (mail)   510  Cheever  Court. 

Gage,  N.  E.  (A)  sales  manager.  National  Tool  Co.,  West  112th  and 
Madison  Avenue,  Cleveland. 

Gleason,  Fred  H.  (M)  chassis  lubrication  experimental  engineer, 
Bowen  Products  Corporation,  Auburn,  N.  Y.  (mail)  197  Gene- 
see Street. 

Grat,  John  S.  (E  S)  student.  University  of  Utah,  Salt  Lake  City, 
Utah,   (mail)   230  Fifth  Street,  East. 

Greenwald,  H.  A.  (J)  research  assistant,  Cadillac  Motor  Car  Co., 
Detrcnt,   (mail  2539  West  Grand  Boulevard. 

Hajgh,  James  Harold  (E  S)  student,  Michigan  Agricultural  Col- 
lege, East  Lansing,  Mich.,  (mail)  S12  West  Shiawassee  Street, 
Lansing.  Mich. 

Hansell,  Howard  Foster  (E  S)  student.  University  of  Cincinnati, 
Cincinnati,   (mail)   Elmo  Place,  Middletown,  Ohio. 

Hawlet,  Frank  M.  (M)  engineer,  Detroit  branch,  Morse  Chain 
Co.,  Grand  River  Station,  Detroit. 

Hoffman,  E.  E.  (M)  chief  engineer,  Hendee  Mfg.  Co.,  Springfield, 
Mass.,   (mail)   Oaks  Hotel. 

Holland.  Maurice  (M)  director  of  the  division  of  engineering.  Na- 
tional Research  Council,   29   West  39th   Street,  New   York  City. 

Ingersol.  Austin  Oliver  (E  S)  student,  Michigan  Agricultural 
College,  East  Lansing,  Mich.,   (mail)    Phylean  House. 

Jackson,  Lee  R.  (A)  district  manager  in  charge  of  manufacturing. 
Firestone  Tire  &  Rubber  Co.,  Detroit,  (mail)  22S3  Taylor  Ave- 
nue. 

Kersten,  A.  Edgar  (A)  road  engineer.  Garford  Motor  Truck  Co., 
Inc..  Boston,  Mass.,  (mail)  129  Theodore  Parker  Road,  West 
Roxbury,  Mass. 

Kinnet.  Aldon  M.  (J)  assistant  superintendent,  Fosdick  &  Hilmer, 
Union  Trust  Building,  Cincinnati. 

Lacev,  Arthur  H.  (M)  consulting  engineer,  Arthur  H.  Lacey  Co., 
1 14  Harrison  Street,  San  Francisco. 

LeRot,  B.  L.  (A)  engineer.  Beans  Spring  Co.,  Massillon,  Ohio, 
(mail)   1125  Wellman  Street. 

Magraw,  George  F.  (J)  draftsman,  Packard  Motor  Car  Co.,  De- 
troit,  (mail)    1774    Helen   Avenue. 

Manbeck.  Park  D.  (A)  advisory  sales  engineer,  National  Carbon 
Co.,  Inc.,  Cleveland,  (mail)  1S33  Brightwood  Street,  East 
Cleveland. 

Mandeville,  George,  Jr.,  (E  S)  student,  University  of  Cincinnati, 
Cincinnati,   (mail)    1303  Michigan  Avenue. 

Mason,  Oscar  e.  (J)  block  test  foreman,  International  Motor  Co 
Plainfield,  X.  ./.,  (mail)  Pleasant  Avenue. 

Meter,  Hexrt  F.  (M)  truck  equipment  engineer,  Van  Dorn  Iron 
Works  Co.,  Cleveland,   (mail)    4569  East  49th  Street. 

Monk.  Marvin  E.  (A)  assistant  sales  manager,  U.  S.  Ball  Bearing 
Mfg.  Co.,  Chicago,  (mail)  S07  North  Lombard  Avenue,  Oak 
Park,  III. 

Moore,  Ira  A.  (A)  in  charge  of  repair  department.  Reliance  Mfg 
Co.,  Cedar  Rapids,  Iowa,  (mail)   42S  First  Avenue,  West. 

Morrison.  J.  B.  (A)  assistant  chief  engineer.  Durant  Motors  Co 
of  Canada,  Leaside,  Ont.,  (mail)  415  Melbourne  Avenue  De- 
troit. 

Morton,  Ansel  N.  (A)  in  charge  of  building  and  testing  engines 
International  Motor  Co..  Plainfield,  N.  J.,  (mail)  181  Grove 
Street,  North  Plainfield,  N.  J.  '  ^rove 

Murray,  John  B.  (E  S)  student,  Georgia  School  of  Technology 
Atlanta,  Ga..   (mail)    176  West  North  Avenue. 

Nakashima,  Capt.  Totaro  (F  M)  Motor  Transport  Corps  Seta- 
gaya.  near  Tokyo,  Japan,  (mail)  c/o  Attache  Militaire  du 
Japan.  Rue  Eugene  Manuel.  Paris,  16e,  France. 
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July  1923  Issue  of  Data  Sheets 

THE  July  issue  of  data  sheets  will  be  mailed  to  the 
members  early  in  August.  The  issue  will  contain 
138  pages,  50  of  which  are  new,  and  is  the  second 
largest  issue  since  the  S.  A.  E.  Handbook  was  revised 
in  1920. 

Instances  have  been  brought  to  the  attention  of  the 
Society  where  disagreement  has  been  caused  through 
the  use  of  obsolete  data  sheets.  Members  would  do  well 
to  have  their  books,  after  the  new  issue  has  been  inserted, 
checked  to  the  list  of  uptodate  sheets  and  dates  of  issue 
that  is  included  in  the  letter  of  transmission. 

As  the  revised  S.  A.  E.  Handbook  will  contain  558 
pages,  members  may  find  it  more  convenient  to  use  two 
binders,  one  binder  being  used  for  Sections  A,  B  and  C 
and  the  other  for  Sections  D  to  K. 

1906  Transactions  Wanted 

A  COPY  of  the  first  volume  of  the  Transactions  of 
the  Society,  that  for  the  year  1906,  is  desired  to 
complete  a  set  maintained  as  part  of  the  archives 
of  the  Society.  It  will  be  appreciated  if  any  member  who 
has  a  copy  of  this  volume  and  does  not  desire  to  keep  it 
for  his  own  library,  will  communicate  with  the  offices  of 
the  Society  in  New  York  City. 

Part  II  1921  Transactions 

THE  second  part  of  the  Transactions  of  the 
Society  for  the  year  1921  was  mailed  recently  to 
those  members  who  placed  orders  for  them.  This 
volume,  which  completes  the  sixteenth  issued  by  the 
Society,  contained  20  papers  given  at  Society  meetings 
during  the  latter  half  of  1921  and  included  a  total  of 
566  pages.  The  papers  include  the  able  treatise  on  gas- 
engine  cylinder  actions  by  Sir  Dugald  Clerk  that  marked 
the  beginning  of  a  greater  appreciation  of  the  value  of 
combustion  research  in  this  country.  A  majority  of 
the  contents  deals  with  various  elements  of  the  fuel 
problem,  turbulence  and  combustion. 

When  this  issue  of  The  Journal  went  to  press,  the 
work  of  publishing  the  next  volume  of  Transactions, 
Part  I,  1922,  was  well  under  way.  Only  enough  copies 
will  be  printed  to  meet  the  requests  of  the  members  and 
no  orders  will  be  accepted  for  this  volume  after  Sept.  4, 
1923,  when  it  will  go  to  press.  An  order  blank  for  the 
next  volume  of  Transactions,  Part  I,  1922,  is  included 
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in  this  issue  of  The  Journal  on  p.  54  of  the  advertis- 
ing section. 

Papers  on  Production  Problems 

THE  Meetings  Committee  of  the  Society  is  par- 
ticularly anxious  to  make  the  1923  Production 
Meeting,  which  will  be  held  at  Cleveland,  Oct.  25- 
27,  at  least  as  successful  as  the  meeting  at  Detroit  last 
October.  The  success  of  the  Detroit  meeting  can  be  at- 
tributed largely  to  the  excellence  of  the  papers  presented 
and  the  timeliness  of  the  subjects  chosen  for  discussion. 
To  achieve  success  at  Cleveland,  it  is  recognized  that 
current  problems  whose  solution  is  urgent  must  again  be 
chosen  for  treatment  in  the  sessions.  A  canvass  of 
production  authorities  is  now  being  made  to  ascertain 
which  problems  are  of  greatest  general  interest.  Sug- 
gestions are  in  order  and  will  be  received  gratefully  if 
forwarded  to  the  office  of  the  Societv  in  New  York 
City. 

The  interest  in  the  problem  of  cutting  accurate  and 
quiet-running  gears  alone  assured  a  large  and  apprecia- 
tive audience  once  that  topic  was  selected  for  study  at 
the  Detroit  meeting.  Gear-cutting  still  possesses  the 
same  attractiveness  as  a  subject  as  it  did  last  year  and 
one  session  will  be  set  aside  for  it  at  Cleveland"  Manu- 
facturers of  gear-cutting  machines  are  being  asked  to 
present  papers  recording  what  progress  has  been  made 
in  correcting  the  errors  revealed  by  the  1922  meeting. 
Papers  are  being  solicited  from  men  who  have  been 
studying  the  causes  of  gear  noise. 

It  is  certain  that  more  papers  will  be  submitted  than 
can  be  used  at  the  Cleveland  Meeting.  Authors  who  are 
desirous  of  presenting  papers  can  avoid  disappointment 
by  making  their  requests  early  and  submitting  outlines 
of  papers  on  subjects  that  are  known  to  be  of  general 
interest.  Papers  that  attempt  to  do  little  but  set  forth 
the  particular  advantages  of  an  individual  machine  are 
less  likely  to  be  accepted  than  those  treating  specific 
problems  and  presenting  the  experience  and  quantitative 
results  of  a  carefully  conducted  piece  of  research  in 
a  reasonably  unbiased  manner.  The  probability  of  a 
paper's  being  accepted  can  be  judged  largely  on  the 
amount  of  practical  workable  information  it  presents  for 
the  attending  production  men  to  take  back  into  the  shop 
with  them.  The  Society  wants  factory  men  to  attend  its 
meetings   because  they   expect  to  cany   home   sufficient 
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them  for  the  time  ami  ex- 

etroit  meeting  can  readily  ap- 
-i ii  individual  and  his 

on    the    program   of   an 
h  as  the  Production  Meet 
•hat  the  privilege  of  representation  on 
.  am   will   prove   sufficiently 
influence   many   production   authority  - 
this  invitation. 

Men  and  Positions 

THE  Men  and   Positions  Available  that   has 

published  in  the  advertising  section 
■  tinned   with  this 
by  improvements 
the  employment  service  of  the  Society   during 
Under  the  improved  system,  bulletins  of 
-ilable   are    sent    semi-weekly    to    members 
yment ;  similar  bulletins  of  men  available 
•  ntative  manufacturers  and 
making  Bpecific  inquiries  for  men.    These 
kly   bulletins  have  filled  the  positions  available 
h   that   the   monthly   lists  published   in 
THE   JODBNAL   are   often   out-of-date  before    they    reach 
indition  has  resulted  in  disappoint- 
•  ral  members  who  have  written   promptly 
be   office   in   New   York   City    upon    receipt   of   THE 
NAL  only  to  find  that  the  position  interesting  them 
-<-en  filled  through  the  more  frequent  service  of  the 
bulle' 

he  bulletin  -•  r  a  year  has  demonstrated 

iperiority   over  the   monthly  lists   in   The 
Joi'RNAL.     Since  The  Jovrnai  in  not  be  guaran- 

einp  uptodate  while  the  semi -weekly   bulletins 
Derating,  it  seems  to  discontinue  the  publica- 

tion  of  information  that   might   be   misleading. 

Sectional  <  ommittee  Reports  on  Screw   Threads 

THE    Report    of   the    Sectional    Committee    on    the 
Standardization  and  Unification  of  Screw  Tl 
has    been   submitted   to   the   American   Society   of 
•  anical    Engir  1    the   Society    of    Automotive 

lor  societies,  and  has  been  approved 
he  Council  of  the  American  Society  of   Mechanical 
•  ing    prepared    by    that    Society    in 
pamphlet  form.    The  Sectional  Committee  was  organized 
inder  the   rules   of   proceduri    of  the 
American   Engineering  Standard-  Committee,  to  review 
if  the  National  Screw  Thread  i 
the  Bureau  of  Standards  Miscellaneous 
J.  and  to  report  thereon  to  the  spoil 
Th-  intended  for  bolts,  machini 

tnmercial    tapped    hole-    and    the    like,    indu 
'ing    of    Terminology;    Form    of    Thre 

ncluding    tab  ation    of 

The  Council  of  the  d   its  meeting  on  June  18 
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mittee's  report   for  adoption  as  S.  A.  E.  Standards  as  are 

particularly  applicable  to  general   automotive  practice. 

The  report  will  be  acted  on  in  the  same  manner  as  the 
regular  standardisation  work  of  the  Society,  and  sub- 
mitted to  the  Standards  Committee  and  Society  for 
approval  at    the  meeting  next   January. 

More  on  "Licensing"  of  Engineers 

A  GENERAL  letter  sent  to  the  members  recently 
called  their  attention  to  the  fact  that  laws  exist  in 
..  a  number  of  States  providing  in  general  that  en- 
gineers doing  public  or  private  engineering  work  are  re- 
quired to  register,  paying  fees  in  varying  amounts  up  to 
Cor  such  registration.  Since  sending  this  letter  to  the 
members,  the  office  of  the  Society  has  been  in  communi- 
on with  the  secretaries  of  the  various  States  en- 
deavoring to  secure  copies  of  these  laws  and  opinions  on 
whether  they  affected  automotive  engineers.  As  a  result, 
some  corrections  must  be  made  in  the  list  of  States  cot, 
tained  in  the  general  letter  to  the  members  since,  in 
contradiction  of  the  original  information  received  by 
the  Society,  some  States  do  not  require  automotive  en- 
gineers to  apply  for  liceii 

The  Secretary  of  State  of  West  Virginia  informs  us 
that  there  is  no  law  in  that  State  covering  the  registra- 
tion of  automotive  engineers.  The  Secretary  of  State  of 
Illinois  writes  that  "while  bills  were  introduced  in  t In- 
present  General  Assembly  relative  to  the  licensing  of 
mechanical  and  automotive  engineers,  these  have  not 
been  passed  and  it  is  very  doubtful  if  they  will  be  passed 
during  this  session  of  the  General  Assembly."  There  is 
no  State  license  required  of  professional  engineers  in 
Wisconsin,  according  to  the  Secretary  of  that  State,  at- 
tempts to  pass  such  a  law  having  failed  at  two  sessions 
of  the  legislature.  The  State  Comptroller  of  New  Mexico 
informs  us  that  there  is  no  statute  in  that  State  which 
requires  a  license  to  practise  automotive  engineering. 
The  State  of  Virginia  has  a  law  requiring  the  examina- 
tion and  the  certification  of  architects  and  professional 
engineers,  but  the  Secretary  has  written  expressing 
doubt  whether  this  law  would  be  construed  to  cover  auto- 
motive engineers.  The  State  Board  of  Engineers  of 
Oregon  does  not  recognize  automotive  engineering  as  a 
branch  of  professional  engineering  at  this  time,  accord- 
ing to  advices  from  the  Secretary  of  that  State.  The 
Secretary  of  State  of  Arizona  informs  us  that  there  is 
a  State  law  requiring  the  licensing  of  architects,  en 
gineers,  land  surveyors  and  assayers  but  there  is  some 
tion  about  its  applying  to  automotive  engineers.  A 
bill  to  repeal  the  licensing  of  engineers  has  passed  the 
Senate  in  Pennsylvania  and  has  gone  to  the  third  read- 
ing in  the  House. 

The  members  must  appreciate  that  it  is  a  serious 
matter  for  the  Society  office  to  accepl  the  responsibility 
of  advising  members  whether  they  should  register  in 
their  respective  States  or  not.  It  would  seem  advisable 
tor  each  of  the  members  to  write  the  Secretary  of  the 
e  in  which  he  resides  or  practises  to  secure  an  opinion 
Qr  interpretation  that  carries  some  legal  authority 
with  it. 

In  to   the    request    contained   in   the  circular 

letter  sent  out   by  the  .  letters  continue  to  be  re- 

ed  from  the  members  expressing  opinions  on  the  ad- 
visability of  laws  requiring  the  regi  tration  or  the  licens- 
ing of  engineers.     Judging    from   the   letters  received, 

opinion  is  about,  evenly  divided.      It   is  noteworthy,  how- 
.  that  the  majority  of  the  engineers  who   have  at- 
tained some  prominence  in  the  industry  are  opposed  to 
this  form  of  legislation. 


Vol.   XIII 


August,  1923 


No.  2 


Spark-Advance  in  Internal-Combustion 

Engines 
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Illustrated  with  Charts 


\LTHOUGH  the  proper  timing  of  the  spark  is  as 
essential  as  the  spark  itself  and  the  electrical  and 
mechanical  devices  for  producing  the  spark  have  been 
many,  little  attention  has  been  given  to  the  study  of 
spark-advance.  An  error  in  timing  of  ±  20  deg.  in  a 
low-compression  engine,  or  of  ±  15  deg.  in  most  other 
engines,  has  been  shown  experimentally  to  cause  a 
loss  of  10  per  cent  from  the  best  power  and  economy, 
provided  other  conditions  remained  the  same.  Hand 
or  semi-automatic  control  can  average  hardly  closer 
than  ±  15  deg.  to  the  correct  advance  because  the 
speed  and  the  load  combinations  are  constantly  chang- 
ing on  the  road. 

Two  important  phases  mark  the  spark-advance  prob- 
lem. The  practical  question  as  to  whether  the  require- 
ments of  optimum  spark-advance  at  various  combina- 
tions of  load  and  speed  are  such  as  might  be  controlled 
automatically  is  apparently  answered  affirmatively;  it 
can  be  satisfactorily  represented  by  additive  functions, 
one  of  speed  only  and  one  of  load  or  intake-suction 
only.  Hand  adjustment  would  still  be  needed  to  take 
care  of  the  difference  between  a  clean  engine  and  a 
dirty  one  or  of  a  cold  engine.  When  once  an  engine  has 
been  warmed  up,  however,  automatic  controls  could 
maintain  the  proper  spark-advance,  thereby  increasing 
in  practice  the  power,  flexibility  and  economy  of  the 
engine. 

The  second  phase  is  that  of  scientific  analysis.  In- 
asmuch as  combustion  takes  time,  and  as  the  engine 
is  rotating  during  the  combustion  process,  spark-ad- 
vance is  essential,  for  it  maintains  a  definite  relation 
between  the  progress  of  the  explosion  and  the  motion 
of  the  piston  of  the  engine.  This  relation  should  be 
such  that  half  the  rise  of  pressure  during  combustion 
would  occur  at  the  dead-center  position  of  the  piston. 
Analysis,  however,  both  theoretical  and  experimental, 
shows  that  one-half  of  the  pressure  rise  occurs  substan- 
tially at  three-fourths  of  the  explosion-time,  that  is, 
the  interval  between  the  point  of  ignition  and  the  pres- 
sure peak.  This,  then,  is  the  numerical  basis  for  the 
relations  of  explosion-time,  engine  speed  and  optimum 
spark-advance. 

The  existing  data,  relating  to  the  explosion-time  as 
affected  by  the  mixture-ratio,  the  size  of  the  combus- 
tion-chamber, turbulence,  dilution  with  dead  or  exhaust 
gases  and  the  temperatures  preceding  the  explosion, 
are  reviewed.  Density  is  shown  not  to  affect  the  explo- 
sion-time. The  factor  commonly  supposed  to  be  density, 
which  demands  an  increased  spark-advance  as  the  en- 
gine is  throttled,  is  in  reality  dilution  with  exhaust 
gas,  which  increases  as  the  throttle  closes,  and  the 
cause  of  the  faster  explosion  in  a  high-compression 
engine  than  in  one  of  low  compression  is  the  tempera- 
ture preceding  ignition. 

A  simple  mathematical  law,  connecting  the  explosion- 
rate  and  turbulence  and  derived  from  experiments  on 
bombs,  is  shown  to  be  applicable  to  engines,  and  the 
manner  of  its  application  to  the  turbulence  factor  of 
any  engine  is  indicated.     This  opens  the  way  to  quan- 


'  MSA  E. — Professor    of   experimental    engineering,    Cornell    Uni- 
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titative  experiments  on  turbulence  in  various  designs 
of  engine,  hence  to  the  development  of  designs  for  pro- 
ducing the  greatest  amount  of  turbulence,  if  such  de- 
velopment should  seem  desirable,  as  turbulence  is  the 
factor  that  makes  really  high  rotative  speeds  compat- 
ible with  a  good  power  output.  An  equally  important 
factor  in  making  explosions  in  engines  occur  more 
quickly  than  those  in  bombs  is  the  heat  produced  adi- 
abatically  during  the  compression  stroke. 

The  slowing-up  of  combustion  on  account  of  the 
dilution  of  the  charge  with  exhaust  gas  was  measured 
experimentally,  and  the  results  are  tabulated  and  com- 
pared with  the  numerical  extent  of  the  dilution.  As- 
suming that  the  dilution  ratio  is  the  ratio  of  the  total 
charge  to  the  quantity  of  new  gas,  the  slowing-up  of 
combustion  because  of  dilution  is  demonstrated  experi- 
mentally to  be  about  proportional  to  the  cube  of  the 
mass-dilution  ratio. 

The  scientifically  valuable  part  of  the  paper  is  the 
naming  of  the  factors  that  affect  the  explosion-time 
of  an  engine,  the  giving  of  mathematical  expressions 
for  their  laws  of  action  and  the  finding  of  the  numer- 
ical values  of  constants  for  such  factors  as  turbulence 
and  dilution.  The  measurement  of  the  optimum  spark- 
advance  is  made  available  as  a  research  method  for 
investigating  the  reaction  rates  of  combustion,  and 
hence  of  all  that  related  group  of  topics  now  of  inter- 
est to  automotive  engineers. 

By  measuring  the  optimum  spark-advance,  the  com- 
bustion rates  of  gasoline  with  and  without  "anti-knock." 
or  tetraethyl-lead,  were  measured.  Although  the  quan- 
tity used  was  20  times  the  normal  amount,  no  change 
in  the  reaction  rate  of  combustion  was  found  when  the 
combustion  remained  normal,  that  is,  without  detona- 
tion. When  detonation  occurred  without  anti-knock, 
the  reaction  times  with  anti-knock  followed  those  to  be 
expected  with  normal  combustion.  Detonation  appar- 
ently changed  the  combustion  habit  as  if  it  produced 
an  abnormal  top  to  the  combustion. 

IN  the  literature  of  automotive  engineering  there  is 
little  to  be  found  about  spark-advance.  There  is 
plenty  of  material  about  the  electrical  and  mechani- 
cal design  and  the  operation  of  apparatus  for  producing 
the  ignition  spark  but  the  proper  timing  of  the  spark 
seems  to  be  assumed.  Ignition  without  timing  control  is 
comparable  logically  to  a  carbureter  that  will  produce 
merely  some  kind  of  a  fuel-air  mixture  without  propor- 
tioning the  mixture  to  the  load  and  the  speed  of  the 
engine. 

It  can  be  shown  experimentally  that  the  timing  toler- 
ance within  which  the  spark  must  occur  to  get  within 
10  per  cent  of  the  best  power  and  economy  of  the  engine 
is  about  ±  20  deg.  in  a  low-compression  or  4  to  1  engine, 
and  about  ±  15  deg.  in  other  engines.  It  may  well  be 
assumed  that  the  average  regulation  of  the  spark  by  an 
ordinary  driver  of  a  car  is  not  nearly  as  close  as  this. 

The  problem  of  spark-advance  has  two  phases  of  im- 
portance: (a)  finding  whether  the  requirements  of  the 
optimum  spark-advance  at  various  combinations  of  load 
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and  - 

illy  the  under- 
lie practical 
•  imum   spark- 
toil   by   additive 
ther  of  load,  or  intake- 
ua  can  be  made  to 
i  ffects.    The  scientific 

•  ms   that 

ptimum  spark-advance  involves  a  direct 

mea.-  spacial   tlame- 

the  variation  of  the  optimum  spark- 

i  or  the  intake  suction,  the  speed 

■  a  quantitative  numerical 

imbustion,  turbulence. 

diloti  rid  the  like;  all  of  which  make 

xiliary  ami  independent  check  on  such 

as    those   recently  published 

by  Midgley  and  his  associates. 

Review  of  Data 

Th  of  an  engineering   i:  ion   is  a 

lin  scientific  data.  Next  come  the  compar- 
ing and  the  correlating  of  such  data  with  empirical 
practice.  Good  collections  of  data  for  our  purpose  are 
to  be  found  in  A.  W.  Judge's  book.  Automobile  and  Air- 
Engines ,  and  in  vol.  1,  on  Mechanics  and  Heat,  of 
Glazebrook's  Dictionary  of  Applied  Phj 

k-search   on    "explosions"   in   bombs   brings   out   this 

itial   that   the  explosion-time,   or  the   time-dura  ■ 

in  explosion,  is  the  time  elapsing  between   ignition 

and   the    pressure    peak,    or    the   time   of   maximum    pti 

product,  if  the  volume  is  changing.    The  explosion-time 

.nd  to  be 

Dependent  on  the  mixture-ratio  and  the  fuel  used 
Independent    of    the    absolute    pressure,    or     the 
density,  before  ignition 
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Somewhat  dependent  on  the  sise  and  the  shape  of 
the  explosion-chamber  and  the  position  of  the 
ignition-point 
iii   Greatly  decreased  by  the  turbulence  of  the  mix- 
ture 

The  bomb  experiments  available  in  technical  literature 
do  not  go  into  the  effects  on  the  duration  of  the  explosion 
of  two  other  variables,  both  of  importance  in  an  actual 
engine.     These  are 

iii   Dilution  of  the  charge  with  spen 

vioue  explosions 
(2)  The  temperature  of  the  charge  jus!  before  ignition 

Experiments  on  an  engine  show  that  the  mixture 
maximum  power  for  any  given  condition  of  speed  and 
load  is  substantially  identical  with  the  mixture  for  the 
minimum  value  of  the  best  spark-advance.  Any  richer 
or  leaner  mixture  than  that  of  maximum  power  needs 
more  spark-advance  than  the  maximum-power  mixture. 
Except  on  a  cold  engine,  however,  the  extra  spark-advance 
for  mixtures  reasonably  near  to  the  maximum-power 
mixture  is  small;  and  this  experimental  fact  makes  it 
possible  to  eliminate  the  mixture-ratio  variable  from  the 
general  discussion,  and  to  revert  to  ii  only  as  a  minor 
factor  in  a  complete  solution  of  the  problem  of  spark- 
advance. 

Since  the  time-duration  of  the  explosion  is  independent 
of  the  density  of  the  charge,  this  possible  variable  dis- 
appears. The  change  of  spark-advance  required  on 
account  of  throttling  is  not  a  consequence  of  the  change 
of  the  charge  density,  but  of  the  change  of  dilution  with 
spent  gas  and  of  the  temperatutv  preceding  the  ignition. 
A  high-compression  engine,  when  compared  with  a 
similar  low-compression  engine,  has  a  faster  explosion, 
not  by  reason  of  a  different  density  of  the  charge,  but 
by  reason  of  a  different  dilution  of  the  charge  and  of  a 
different  temperature  preceding  the  ignition. 

The  effects  of  the  size  and  the  shape  of  the  explosion 
or  the  combustion-chamber  and  the  position  of  the  igni- 
tion-point and  also  of  the  mechanical  and  electrical  lag 
in  the  ignition  system,  can  be  taken  care  of  in  a  given 
engine  by  finding  a  characteristic  or  imaginary  explosion- 
time  for  that  combustion-chamber,  as  a  bomb,  for  the 
fuel,  the  mixture  and  the  temperature  used  but  without 
any  dilution  or  turbulence  effects.  The  absence  of  turbu- 
lence corresponds,  of  course,  to  a  zero  engine-speed.    ■ 

The  effects  of  dilution  and  turbulence  can  readily  be 
found  by  brake  tests  of  the  engine  over  a  fair  range  of 
combinations  of  speed  and  load;  the  dilution  can  be 
measured  from  observations  of  the  exhaust  and  the  in- 
take-manifold pressures  and  temperatures  and  a  know- 
ledge  of  the  compression-ratio  of  the  engine.  The  effect 
of  the  dilution  with  spent  gases  is  to  increase  the  char- 
acteristic explosion-time  of  the  carburetion  chamber  by 
multiplying  it  by  a  factor  fixed  by  the  extent  of  the  dilu- 
tion. The  effect  of  turbulence  is  to  decrease  the  charae- 
explosion-time  by  multiplying  it  by  a  simple 
inverse  function  of  the  engine  speed.  The  actual  ex- 
plosion-time  from  ignition  to  the  time  of  maximum 
lire,  or  the  pre  lire  peak  with  the  engine  warmed-up 
to  normal  running  conditions,  can  be  given  as  the  product 
of  the  three  Independent  factors;  (a)  the  "character i si ic 
time"  of  the  combustion-chamber  as  a  bomb,  (b)  the 
dilution   factor  and   <c)   the  turbulence  or  speed  factor. 

The  actual  explosion-time  or  the  duration  is  simply 
related  to  the  optimum  angle  of  spark-advance  and  the 
rotation  speed  of  the  engine.  If  R  is  the  speed  of  the 
engine  in  revolutions  per  minute,  its  angular  speed  is 
360A/60         <i  /.'  deg.  per  sec.     When  a  is  equal  to  the 
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angle  of  spark-advance,  the  timing  of  the  spark  ahead 
of  the  dead-center  position  of  the  engine,  in  seconds,  is 
a  OA'.  It  can  be  shown  that  for  optimum  spark-setting 
a  6/2  =  ■"  t  X  the  actual  explosion-time  =  %  X  the 
"characteristic  time"  X  the  dilution  factor  X  the  turbu- 
lence or  speed  factor.  In  this  relation  the  characteristic 
time  is  a  constant  for  a  given  engine  and  its  ignition 
•  in  under  the  ordinary  operating  conditions  of  the 
engine. 

Explosion-Time 

I  shall  review  briefly  the  literature  on  explosion-time. 
Fig.  1  summarizes  tests  by  various  experimenters  with 
mixtures  of  coal-gas  and  air.  It  will  be  seen  that  for 
mixture-ratios  from  5.0  to  7.5  by  volume,  the  explosion- 
time  runs  from  0.04  to  0.06  sec.  with  relatively  minor 
effects  on  account  of  the  size  of  the  bomb,  and  none  from 
the  change  of  initial  pressure  or  density.     Fig.  2  shows 
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Gasoline  Vapor  in  Mixture  wirh  Air,  percenf 

-Results   of  Experiment   at  Massachusetts  Institute  op 
Technology  with  a  Gasoline  Vapor-Air  Mixture 


from  results  obtained  at  the  Massachusetts  Institute  of 
Technology  that  mixtures  of  gasoline  vapor  and  air  have 
the  same  characteristics  as  those  of  coal-gas  and  air;  the 
minimum  explosion-time  in  the  bomb  was  0.058  sec.  In 
contrast  to  this  explosion-time  for  gasoline  in  the  bomb, 
Watson2  gives  the  explosion-time  in  a  racing-engine  as 
0.0055  sec.  with  single-spark  ignition,  and  0.0037  sec. 
with  double-spark  ignition.  The  speeding-up  of  the  ex- 
plosion in  the  engine,  more  than  10  times  as  compared 
with  that  of  the  bomb,  is  said  to  be  due  to  the  turbulence 
effect  in  the  engine.  Humphrey2  found  the  explosion- 
time  to  be  0.026  sec.  in  a  28*2  x  30-in.  cylinder  at  128 
r.p.m. ;  Clark3  found  the  explosion-time  in  a  9  x  17-in. 
cylinder  at  180  r.p.m.  to  change  from  0.033  sec.  under 
normal  operation  to  0.080  and  0.090  sec.  when  the  turbu- 
lence was  allowed  to  die  out  before  ignition. 

Judge*,  by  pressure-time  diagrams,  shows  that  the 
explosion-time  in  a  certain  engine  was  0.013  sec.  with 
gasoline  as  fuel,  and  0.014  sec.  with  benzol.  Comparing 
the  data  as  to  the  explosion-times  of  various  fuels5  tested 
under  like  conditions,  it  seems  that  changing  the  fuel 
has  a  very  small  effect  on  the  explosion-time.  Alcohol, 
however,  might  be  different  from  the  hydrocarbon  fuels, 


:  See  Dictionary  of  Applied  Physics,  bv  R.  Glazebrook,  vol.  1,  p. 
299. 

•  See  Dictionary  of  Applied  Physics,  by  R.  Glazebrook,  vol.  1, 
p.   300. 

*  See  Automobile  and  Aircraft  Engines,  by  A.  W.  Judge,  p.  30. 

5  See  the  curves  of  results  obtained  at  the  Massachusetts  In- 
stitute of  Technology  with  coal-gas  and  air  in  Fig.  1  and  gasoline 
and  air  in  Fig.  2. 
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Fig.    3 — Results    of   Optimum    Spark-Advance    Tests    on    a   Ford 

Engine 

which,  having  substantially  the  same  explosion-times, 
could  be  substituted  for  one  another  in  an  engine  with- 
out any  appreciable  change  of  the  optimum  spark- 
advance. 

It  will  be  noted  that  the  curves  of  Fig.  1  of  the 
explosion-time  plotted  against  the  mixture-ratio  are 
fairly  flat  over  a  considerable  range  of  mixture-ratios. 
This  suggests  that  the  optimum  spark-advance  in  the 
practical  operation  of  an  engine  may  not  be  radically 
affected  by  the  mixture-ratio.  Tests  on  this  point  were 
first  made  by  us  on  a  Ford  engine  in  the  Cornell  Univer- 
sity laboratories  with  the  results  shown  in  Figs.  3  and  4. 
The  airflow  to  the  carbureter  was  measured  by  a  Durley 
meter  and  box  and  the  gasoline  flow  by  a  modified  Pen- 
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Fig.    4 — Curves    of    the    Brake    Mean-Effective    Pressure    De- 
veloped  bt   a   Ford   Engine   at   Various    Mixture-Ratios 
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time  of  a  1  ti'  6  volumetric  mixture  of  coal-gas  and  air 
was  still  0.058  sec.,  the  same,  within  the  accuracy  of 
nvment.  as  at  the  low  pressures.  The  densitx  of 
the  charge,  then,  is  not  a  factor  in  this  problem.  The 
same    conclusion    follows    from    .Midgley    and    .laneway's 

recent  paper  on  Laws  Governing  Gaseous  Detonation. 
They  found  that  mass  rate  i^i  "burn"  was  proportional  to 
the  first  power  o(  the  initial  density.  Since  mass  is 
volume  times  density,  it  follows  that  the  volumetric  or 
the  space  rate  of  flame  travel  is  independent  of  the 
initial  density.  Engines  of  similar  design  but  of  different 
compression-ratios  have  different  combustion  rates,  not 
because  of  the  different  densities  at  ignition,  but  because 
of  the  different  temperatures  preceding  combustion  and 
the  different  dilutions  with  dead  gas,  and  perhaps  be- 
cause of  differences  in  turbulence.  Also,  in  throttling 
an  engine  the  operative  factor  calling  for  more  spark- 
advance  is  not  a  change  of  the  density  but  a  change  of 
the  dilution,  and  perhaps  a  change  of  the  mixture-ratio 
received  from  the  carbureter. 

In  Fig.  1  it  will  be  seen  that  no  systematic  change  in 
the  explosion-time  can  be  traced  to  a  difference  in  the 
shape  and  the  size  of  the  bomb  chamber  used.  The  only 
bomb  experiments  quoted  in  Glazebrook  or  Judge  that 
give  data  about  the  distance  of  flame-travel  as  affecting 
the  explosion-time  are  those  of  Bairstow  and  Alexander'. 
In  a  cylindrical  bomb,  10  in.  in  diameter  by  18  in.  long, 
they  shifted  the  ignition-point  by  3-in.  steps  from  one 
end  to  the  other.  The  explosion-time  was  the  shortest 
with  central  ignition  and  the  longest  with  end  ignition. 
Their  data  are  reasonably  well  fitted  empirically  by 
rning  that  the  explosion-time  is  proportional  to  the 
square  root  of  the  distance  from  the  ignition-point  to 
the  more  remote  end  of  the  bomb.  The  same  square  root 
of  the  distance  for  the  time  of  flame  travel  also  fits 
to  Watson's  figures,'  quoted  above,  of  the  explosion- 
time  in  a  racing  engine  at  0.0055  sec.  witli  single  ignition, 
and  0.0037  sec.  with  double  ignition.  It  seems  probable 
that  in  an  actual  engine  the  shape  of  the  combustion- 
chamber  and  the  position  of  the  spark-plug  or  plugs  in 
it  will  be  more  important  practically  in  determining  the 
explosion-time  than  the  absolute  dimensions  of  the  com- 
bustion-chamber. 

I  lata  on  the  effect  of  the  initial  temperature  on  the 
explosion-time  in  bomb  experiments  seem  quite  lacking. 
The  best  information  seems  to  be  given  in  Midgley  and 
Janeway's  paper1  on  the  Laws  Governing  Gaseous  Detona- 
tion, where  it  is  found  that  the  combustion  rate  varies 
approximately  as  the  cube  of  the  absolute  temperature  be- 
fore ignition.  For  a  given  engine  the  rise  of  the  tempera- 
during  compression  is  a  definite  multiple  of  the  tem- 
perature at  the  beginning  of  compression;  this  in  turn  is 
fixed  largely  by  the  temperature  of  the  air  entering  the 
carbureter.  Hence,  for  a  given  engine  the  explosion-time 
and  the  spark-advance  vary  inversely,  by  some  power 
higher  than  I,  absolute  temperature  of  the  enter 

ing  air.      In   comparing   one   engine    with    anothi 

the  i  ure  during  comprei    ion 

with  the   i/-i   power  of  the  compression-ratio,  and  the 

combustion-rate   varies   with  the  cube  of  the  absoluti 

temperature  preceding  ignition,  we  shall  have  a  combus- 
tion-rate varying  a-  the  compression-ratio  to  the  '■'•'  n-\  > 
=  3fl. 33 —  1)  =  =t  1.0  power;  in  other  words,  in  engines 
similar  but  of  different  compression-ratios  the  optimum 
park-advance  should  vary  inversely  as  the  compression- 
ratios. 

The  increase  of  the  combustion-rate  with  the  cube  of 
the  absolute  temperature  may  well  be  the  reason  that, 
in  constant-volume  combustion,  the  combustion-rate   in- 
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— Optimum  Spark- Advance  and  Brake  Mean-Effective  Pres- 
sure Curves  for  a  Continental  Six-Cylinder  Engine 


creases  as  the  combustion  progresses.  For  the  expansion 
of  the  first  portions  burned  causes  an  adiabatic  com- 
pression of  the  unburned  residue  and  the  consequent 
rise  of  the  temperature  ahead  of  the  chemical  reaction. 
The  lesser  spark-advance  that  satisfies  an  engine,  as 
it  progresses  from  clean  to  dirty,  or  "carboned,"  in  the 
combustion-chamber,  is  also  largely  a  temperature 
effect.  A  dirty  engine  has  less  loss  of  heat  to  the  walls 
of  the  combustion-chamber  than  has  a  clean  one  and  a 
higher  temperature  of  the  charge  at  the  end  of  com- 
pression; hence  it  needs  a  decreased  spark-advance. 

Analysis  of  Shape  of  Pressure-Time  Curves 

The  fact  that  the  explosion-time  varies  as  about  the 
square  root  of  the  distance  the  flame  has  to  ti-avel  sug- 
gests a  simple  line  of  attack  on  the  analytical  problem  of 
the  shape  of  the  pressure-time  curves  erf  the  explosions. 
In  turn,  the  shape  of  the  pressure-time  curve  determines 
what  fraction  of  the  explosion-time  should  come  ahead 
of  the  dead-center  position  of  the  piston.  This  fraction 
■of  the  explosion-time  ahead  of  dead-center  is  the  tying 
relation  between  the  explosion-time  and  the  optimum 
spark-advance.  Too  early  ignition  leads  to  losses  through 
the  compression  of  the  burnt  charge  after  combustion 
by  the  motion  of  the  piston;  losses  partly  from  the  ex- 
cessive heat-transfer  to  the  combustion-chamber  walls, 
and  partly  from  abnormally  large  dissociation  effects 
stopping  combustion.  Too  late  ignition  means  that  com- 
bustion is  still  going  on  appreciably  as  the  expansion 
stroke  begins,  and  hence  leads  into  losses  best  understood 
from  the  thermodynamic  theory  that  heat  is  less  avail- 
able for  conversion  into  work  when  it  is  released  at  lower 
temperatures.  Since  the  piston  actually  does  move  while 
combustion  is  going  on,  instead  of  being  instantaneous 
as  is  postulated  in  the  thermodynamic  cycles  in  the  text- 
books, the  actual  timing  of  the  combustion  process  in  the 
«ngine  cycle  is  a  compromise  between  too  early  and  too 
late  and  involves  elements  of  both.  Combustion  should 
begin  while  the  piston  is  moving  up,  and  should  end 
while  the  piston  is  moving  down.     Just  where,  with  re- 

"  See  The  Journal,  April,  1923,  p.  367.   '  ' 


gard  to  the  piston  motion,  should  the  combustion  be 
timed  for  best  efficiency? 

If  the  time  of  flame  travel  in  constant-volume  combus- 
tion is  proportional  to  the  square  root  of  the  distance, 
the  velocity  of  the  flame  travel  will  vary  as  the  first 
power  of  the  time  from  ignition.  This  is  not  in  conflict 
with  Midgley's  calculations,3  for  he  has  been  studying 
the  combustion-rate  as  a  function  of  the  pressure  and  the 
temperature,  not  as  a  function  of  the  time  from  ignition. 
Furthermore,  flame  velocity  is  actually  a  compound 
affair;  the  flame  travel  has  two  components,  one  of  actual 
velocity  with  regard  to  the  gas,  and  the  other  of  the 
mass-motion  of  the  gas  itself.  No  attempt  wTill  be  made 
in  this  paper  to  separate  these  two  components  of  flame 
velocity  with  regard  to  the  cylinder. 

I  have  assumed  a  combustion-chamber  of  cylindrical 
form,  with  a  height  equal  to  one-third  of  its  diameter, 
and  with  the  ignition-point  in  one  end,  half-way  from 
one  side  to  the  center.  The  time  for  a  complete  combus- 
tion, the  explosion-time,  I  have  taken  as  unity.  The 
final  velocity  also  has  been  taken  as  unity.  With  the 
velocity  proportional  to  the  time,  the  same  decimal  then 
stands  for  the  time  or  for  the  velocity,  in  terms  of  their 
terminal  values.  The  distance  of  the  flame-front  from 
the  ignition-point  varies  as  the  square  of  the  time  from 
ignition.  Up  to  about  one-half  of  the  time  of  complete 
combustion  the  flame-front  makes  a  hemispherical  sur- 
face about  the  ignition-point,  the  flame  having  not  yet 
been  cut-off  by  running  into  the  combustion-chamber 
walls.  In  this  first  half  of  the  combustion-time,  there- 
fore, the  area  of  the  flame-front  varies  as  the  square  of 
the  distance  of  the  flame-front  from  the  ignition-point 
and,  in  consequence,  as  the  fourth  power  of  the  time 
from  ignition,  since  the  distance  itself  varies  as  the 
square  of  the  time.  The  volumetric  rate  of  combustion 
is  the  product  of  the  velocity  of  the  flame  and  the  area 
of  the  flame-front ;  hence  the  volumetric  rate  of  combus- 
tion varies  as  the  fifth  power  of  the  time  from  ignition. 
The  total  volume  or  mass  burnt  is  the  time-integral  of 
the  volume  rate  of  combustion,  and  the  rise  of  pressure 
is  proportional  to  the  total  volume  or  mass  burnt  up  to 
a  given  time.  Hence,  we  conclude  that  during  the  first 
half  of  a  combustion  that  is  started  from  a  spark-plug 
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It  the  time  of  a  complete  combustion 
e  hemispherical,  being  cut-off 
in  part   by   running  into  the   walls   of  the  combustion- 
chamber.     From  this  time  on  the  flame-front  begins  to 
lose  ..  wrjr,  then  rapidly,  and  becomes  zero 

•  Dds.     The  exact  law  of  the  change  of 
flam-  ■.  ith  position  or  time  depends  on  the 

shape   of   the   combustion-chamber   and   the   position   of 
lint,  what  we  may  call  the  geometric  lay- 
out  in   our  case.     For  the   simple  combustion-chamber 
n   and   described   I   have  worked   out    these   flame- 
fron-  >r  the  last   half  of  the  combustion-time; 

and  they  are  plotted  in  Fig.  6  with  an  arbitrary  choice 
of  a  maximum  area  of  flame-front  equal  to  unity. 

The  product  of  the  flame  velocity  and  the  flame-front 

-  the  volumetric  rate  of  "burn."    This  continues 

Be  for  a  little  while  even  after  the  flame-front  area 

■■egiin  to  decrease,  because  the  flame  velocity  is  still 

it  the  decreasing  area  of  the  flame-front 

soon  becomes  the  dominant  factor,  and  the  volumetric 

f  burn  must  reduce  to  zero  as  the  combustion  ends. 

The  time  integral  of  the  volumetric  rate  of  burn  is  the 

volume  burnt  and  is  proportional  to  the  rise  of  the  | 

sure    from    the   combustion.     This    calculated    curve   of 

against  time  in  Fig.  6  is  the  end 

.  rd  which  we  have  been  working.     It  is  shown  to  be 

a  direct  ence,  in  its  form,  of  the  law  "of  ft 

veloc  '     .me  and  the  geometry  of  the 

er.     The  velocity-time  law  chosen  was 

it  remains  to  be  seen  whether  the 

duced  from  it  give  a  fair  picture  of  the  actual 

pro^  n  in  bombs  or  engine  cylinders. 
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10  and  50  per  cent  of  the  explosion-time  and  the 
half  rise  of  pressure  at  7-1  per  cent  of  the  explosion-time. 
The  figures  for  the  fractions  of  explosion-time  at  which 
the  rise  of  pressure  begins  to  be  perceptible  and  at  which 
aches  half  value  are  the  important  figures  for  our 
study. 

Judge,  in  the  chapter  on  Explosion  and  Combustion", 
-  a  number  of  pressure-time  cards  from  bombs  and 
from  engine  cylinders.  In  Petavel's  spherical  bomb,  the 
half  pressure-rise  came  at  85  per  cent  of  the  explosion- 
time.  In  Hopkinson's  bomb  that  was  nearly  spherical 
and  had  central  ignition,  the  half  pressure-rise  came 
at  8]  per  cent  of  the  explosion-time.  In  spherical  bombs 
the  reduction  of  the  flame-front  area  by  running  into 
the  walls  would  be  expected  later  in  the  burn  than  in 
a  cylindrical  vessel;  these  figures  are  not  inconsistent 
with  the  computed  7  1  per  cent  for  a  cylindrical  chamber. 
One  pressure-time  card  from  a  gasoline  engine  shows  the 
half  pressure-rise  at  65  per  cent  of  the  explosion-time, 
while  with  another  it  is  at  12  per  cent  ;  the  same  engine, 
with  benzol,  gives  69  per  cent ;  a  producer-gas  engine 
gives  79  per  cent  for  the  half  rise,  and  41  per  cent  for 
the  beginning  of  the  rise. 

To  check  the  shape  of  the  pressure-time  curve  in  our 
own  experiments  we  used  a  7-hp.  stationary  Fairbanks 
hit-or-miss  engine  in  the  Cornell  University  laboratory. 
The  speed  of  340  r.p.m.  made  it  possible  to  take  indicator- 
cards  with  a  Crosby  indicator;  the  indicator-drum  drive 
was  offset  90  deg.  so  that  pressure-time  cards  were  ob- 
tained. In  this  engine  we  found  the  ratios  to  the  total 
explosion-time  for  the  beginning  of  the  rise  of  pressure 
and  for  the  half  rise  to  be  0.54  and  0.81  on  a  lean  mix- 
ture; on  the  maximum-power  mixture,  0.54  and  0.77,  and 
on  a  rich  mixture,  0.44  and  0.71.  Altogether,  it  seems 
that,  for  engines  in  general,  we  may  assume  preth 
curately  that  half  pressure-rise  will  occur  at,  or  very 
close  to.  75  per  cent  of  the  explosion-time.  The  theoreti- 
cal conclusions  of  Fig.  6  are  confirmed  experimentally, 
though  the  assumption  as  to  the  law  of  flame  velocity 
was  so  inadequately  simple. 

Correlation   of   Optimum    Spark-Advance   and    Ex- 
plosion-Time 

This  brings  us  to  the  relation,  or  correlation,  between 
optimum  spark-advance  and  the  explosion-time.  For 
we  may  reasonably  assume  that  we  wish  to  time  the 
spark,  for  best  results,  so  that  the  combustion  will  occur 
at  one-half  before  and  one-half  after  the  dead-center 
ion  of  the  piston,  or  that  the  half  pressure-rise  will 
occur  at  the  dead-center.  This  makes  about  the  best  ap- 
proximation to  a  vertical  combustion  line  on  the  p 


'.    u   HE   AND   PRESSURE-TIME   INDICATOR-CARDS  OBTAINED  FROM   FAIRBANKS  7-HP. 
7  IN.  .stationary  HIT-OR-MISS  ENGINE,  RUNNING  AT  340  R.P.M. 
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TABLE  2 — AVERAGE  RESULTS   FROM   FAIRBANKS  ENGINE 
TESTS 


Mix- 
ture 
Lean 
Good 
Rich 
Average 
of  all 
Mix- 
tures     0.026S 


Kxplosion- 

Time.  Sec. 

0.02:." 

0.0250 

0.0299 


, — Fraction — s 

of  Explo-    Ignition  to^-Actual  Time.  Sec. — , 
sion-Time    Beginning  First-Half  Last-Half 
to  Pressure     of  Pres-      of  Pres-       of  Pres- 
Begin  Half     sure-Rise  sure-Rise    sure-Rise 
0.54     0.81  0.0138  0.0069  0.004S 

0.54     0.77  0.0135  0.0058  0.005S 

0.44     0.71  0.0132  0.00S1  0.0087 


0.52      0.76 


0.1350        0.0070 


0.0064 


Calculated  optimum  spark-advance,  for  half  pressure-rise 
exactly  at  dead-center;  lean  mixture.  4  2  deg.  ;  good  mixture, 
39  deg.  ;  rich  mixture.  43  deg. 


volume  indicator-card,  and  we  know  pretty  well  from 
practice  that  a  nearly  vertical  combustion  line  in  that 
card  is  indicative  of  the  best  power  and  efficiency  of  the 
engine. 

To  check  the  assumption  that  the  timing  of  the  spark 
so  that  the  half  pressure-rise  will  occur  at  the  dead-center, 
or  that  the  explosion-time  will  be  three-quarters  over  at 
dead-center,  for  the  best  pressure-volume  indicator-card 
shape,  we  made  experiments  on  a  7-hp.  Fairbanks  sta- 
tionary engine.  Both  pressure-volume  and  pressure-time 
indicator-cards  were  taken.  The  results  are  given  in 
Table  1.  The  first  column  of  the  table  gives  the  mix- 
tures; the  measurement  was  in  turns  of  a  needle-valve 
in  a  plain  venturi  carbureter.  The  second  column  gives 
the  judgment  as  to  the  spark-timing  from  the  shape  of  the 
pressure-volume  indicator-card.  Late  timing  is  indicated 
by  —  signs  and  early  timing  by  -4-  signs;  the  measure- 
ments of  the  timing  are  in  degrees  of  crankshaft  rotation 
from  the  dead-center.  The  spark-advance  was  measured 
on  a  calibrated  index-scale  on  the  timer  by  jump-spark 
ignition.  Particular  attention  is  called  to  the  correlation 
of  the  second  column,  the  timing  by  the  pressure-volume 
card  with  the  fifth  column,  the  timing  of  the  half  pres- 
sure-rise in  crank-angle  degrees.  It  will  be  seen  that 
the  cards  called  "good"  in  pressure-volume  card  shape 
had  the  half  pressure-rise  substantially  at  the  dead- 
center. 

Table  2  summarizes  and  averages  the  results  of  the 
tests  in  Table  1.  Each  result  in  Table  1  is  itself  the 
average  of  four  or  five  cards  of  each  kind,  either  of 
pressure-volume  or  of  pressure-time.  It  is  interesting 
to  study,  in  Table  2,  the  change  in  the  combustion  habit 
with  the  mixture-ratio.  The  time  from  the  ignition  to 
the  beginning  of  the  pressure-rise  seems  to  be  inde- 
pendent of  the  mixture-ratio.  The  first  half  of  the  rise 
of  pressure  of  the  lean  mixture  is  slow  and  the  last  half 
fast,  as  compared  with  the  other  mixtures.  The  rich 
mixture  is  slow  in  both  halves  of  the  pressure-rise  but 
more  so  in  the  second  half.  The  maximum-power  mix- 
ture is  not  only  the  quickest  to  burn,  but  has  a  consider- 
ably more  rapid  and  more  symmetrical  pressure-rise. 
The  very  high  speed  of  burning  in  the  last  half  of  the 
pressure-rise  of  the  lean  mixture  may  be  tied  up  with  the 
fact  that  such  mixtures  are  the  only  kind  that  backfire 
in  an  engine.  The  calculated  optimum  spark-advances 
for  all  three  mixtures  in  Table  2  are  astonishingly  close, 
42,  39  and  43  deg.,  and  these  results  confirm  our  tests 
on  the  Ford  and  Continental  engines  very  nicely.  They 
also  check  the  40-deg.  spark-advance  data  in  Table  1 
closely.  The  optimum  spark-advance  in  Table  2  is  cal- 
culated by  converting  the  time  in  seconds  for  each  mix- 
ture, from  the  ignition  to  the  half  pressure-rise,  into 
crankshaft  degrees  ahead  of  the  dead-center. 

We  may  consider  that  we  have  proved  experimentally 


what  we  deduced  theoretically,  that  the  optimum  spark- 
advance  is  such  that  the  half  pressure-rise  occurs  at  the 
dead-center;  and  that  this  stage  of  the  pressure-rise 
occurs  practically  at  75  per  cent  of  the  explosion-time 
after  ignition.  Writing  a  for  the  spark-advance  in  de- 
grees, and  a0  for  the  optimum  advance,  e  for  the  explo- 
sion-time, R  for  the  number  of  revolutions  per  minute, 
we  have  then  a/6R  =  the  spark-advance  in  seconds,  and 
ao/GR  =  %e  whence  a0  =  9eR/2  and  e  =  2ao/9R.  By 
finding  a0  for  an  engine  on  the  test  stand,  through  the 
change  of  the  spark  as  a  single  variable,  noting  the 
torques  resulting  while  the  speed,  the  intake-saction,  the 
temperatures  and  the  like  are  held  constant,  we  can 
measure  e,  the  explosion-time,  under  the  conditions  of 
the  test.  So  through  the  optimum  spark-advance  we  can 
investigate  changes  of  the  explosion-time  by  mixture 
variation,  dilution,  turbulence  and  the  like  and  open  the 
door  to  a  wide  field  of  study  of  combustion  processes 
in  engines. 

Turbulence 

I  have  mentioned  already  that  turbulence  is  a  factor 
in  speeding-up  combustion,  quoting  some  results  in  en- 
gine tests  by  Dugald  Clerk.  Hopkinson11  experimented 
on  turbulence  with  a  fan  inside  a  cylindrical  bomb  12  in. 
in  diameter.  He  used  a  1  to  9  mixture  by  volume  of 
coal-gas  and  air.  The  data  of  his  tests  are  plotted  in 
Fig.  7.  Assuming,  as  a  most  simple  relation,  that  the 
speed  of  the  flame  travel  is  a  linear  function  of  turbu- 
lence, we  should  have  flame  speed  equals  the  size  of  the 
bomb  divided  by  the  explosion-time  or  K  (1  -\-  bR), 
where  K  is  the  reciprocal  of  the  explosion-time  without 
turbulence,  and  R  is  the  revolution  speed  that  measures 
the  turbulence.  Fig.  7  shows  that  this  simple  equation 
is  satisfactory  for  the  bomb  tests.  Later,  it  will  be 
shown  that  the  same  type  of  equation  holds  good  for 
an  engine;  R  is  then  the  speed  of  the  engine  in  revolu- 
tions per  minute.  The  constant  b  we  shall  call  the  turbu- 
lence factor.  For  Hopkinson's  fan  and  bomb,  the  constant  b 
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u  See  Automobile  and  Aircraft  Engines,  by  A.  W.  Judge,  p.  55. 
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kcing-engines  the  explosion- 

•     ind  in  engines  with  small  cylinders 
drop  : 

turbulei  for  a  given  engine 

from   the    results   the   dilution 
g-up   of  combustion    by    dilution   with 
ight   in  the  clearance 
The  dilution  at   a  constant   speed    increases  as 
:.    but    is   not   2ero  at    full   thr 
r  the  dilution  effect    has   been   eliminated   from  the 
irve  of  the  optimum  spark-advance  for 
.  ersus  the  speed  can  be  analyzed  for  the  tur- 
fter  the  manner  of  Fig.  7.    Since  >,  the 
'.'/.'.  the  reciprocal  of  <   is  '.'/.'  2a  . 
A  pi  Dilution  against  R  will  find  the 

where  i     is  the  characteristic  explosion- 
time  of  the  combustion-chamber  of  the  engine  as  a  bomb 
>ut   turbulence   or   dilution,    and    6,    the    turbulence 
r  of   the  engine. 

Dilution  with  Exhaust  Gases 

jtion  with  ezhaui  sent  in  Otto- 

•peration.    At  the  end  of  the  exhaust  stroke 
of  a  4-etr  engine  the  clearance  volume  C  of  a  cyl- 

inder is  filled  with  exhaust  gas  at  an  absolute  pressure  of 
■  lute  temperature  of  T..    As  the  piston  n 
on  the  suction  stroke  this  exhaust  gas,  or  the  spent 
re-expands  behind  the  piston.    It  continues 
\pand   until   the   pressure   drops   to   /',.   the   intake- 
manifold    pr>  'if    course,    when    an    engine    with 
mechanically    operated    rather    than    automatic    intake- 
•hrottled,  the  exhaust  gas  Hows  from  a  cylinder 
into    the    intake-manifold    when    the    intake-valve    opens 
and    is    later   sucked    back   through   the    valve    into   the 
ally,   however,  the  clearance  gas  must 
be  expanded  to  the  pressure  /'.    before  any  new  charge 
enters   the   cylinder.      The    volume   of   the    new   charge 
.'■  at  pressure  P,  and  temperature  7\  is  then 
-   i  .  displacement  —  clearance  volume,  less  the  volume 
of    the    re-expanded    exhaust    gas.      This    re-expanded 
volume  is  C   p,  P,  y  • ;  where  y  is  the  ratio  of  the  spe- 
cific heats.    The  volume  of  the  new  gas  per  cycle  is,  then, 
editions  P,  and  TV       C       <      /./'-;  the  total 
volume,   at    ,.     pr.  -         We   may   define   the 
•he  ratio  of  the  total  gas  in  the  cylin- 
•  he  end  of  the  suction  stroke  to  the  new  charge. 
Volui                               lution  ratio  is  (V         C       V  +  C 
If    the     compression-ratio     is    r  = 
dilution  rati  /' 

P  Those   who 

th    the    mathematical    analysis    of    internal-com- 

peration    will    recognize    in    these   ex- 

ilution  latio  the  reciprocal 

of  the  engii  ed  to  in- 

■   ■    •       ire  and  temperature. 

in   which   the  dilution   with   exh;i 

by  slowing  it  is  probably  a 
ach    in   it  i   temper;. 

;nce  gas  is  hotter  than 
o  mix  the  temperature  of 
]  ■  .      -  tion  does   not  disturb 
•.ven,   because  the   ex- 
part  of  thi  ••  heating  i-  counter- 

•  ■   of  another  part  by  cooling. 
But  •                                       .-  hotter  before  ignition,  might 

•  rapidly  b  the  dilution. 


This  does  not  happen,  as  it  is  swamped  out  and  overcome 
by  the  second  action  of  the  dilution.  This  is  the  absorb- 
ing of  the  heat  of  combustion  by  the  dead  gases  as  the 
combustion  progresses.  The  temperature  to  which  the 
combustion  would  go  if  the  gases  were  not  diluted  is 
greatly  lowered  by  dilution.  The  operative  factor  is 
really  the  "heat-mass"  of  the  diluting  gases,  their  ca- 
pacity for  absorbing  heal  during  the  temperature  rise. 
OT  the  product  o\  their  actual  masses  by  their  spocitic- 
heats.  As  the  new  gas  during  combustion  becomes  ex- 
haust gas.  the  specific-heats  after  combustion  will  be  the 

same  for  the  products  from  the  new  charge  and  for  the 
products  of  a  previous  combustion  that  dilute  the  new 
charge.  Hence,  the  dilution  factor,  which  is  operative  in 
holding-down  the  combustion  temperature,  is  simply  the 
mass-dilution  ratio  of  the  total  weight  of  the  gas  in  the 
cylinder  to  the  weight  of  the  new  charge.  The  heating 
of  the  new  charge,  previous  to  ignition,  on  account  of  its 
mixing  with  the  diluting  dead  gases,  is  also  nearly  pro- 
portional to  the  mass-dilution  ratio,  the  temperature  be- 
ing shifted  from  T,  toward  T,  very  nearly  in  the  ratio 
of  the  masses  of  the  old  and  of  the  new  charges.  This 
shift  is  affected  somewhat  by  the  fact  that  the  specific- 
heats  at  temperatures  T,  and  Tc  are  not  exactly  the 
same;  but  the  losses  of  heat  to  the  cylinder  walls  during 
the  suction  and  the  compression  strokes  are  much  more 
important  than  any  effect  caused  by  the  variation  of  the 
specific-heat  with  the  temperature. 

On  the  whole,  then,  we  may  expect  the  change  in  the 
combustion  rate  consequent  on  the  dilution  with  dead 
gas  to  be  some  function  probably  of  the  mass-dilution 
ratio  of  the  total  gas  to  the  new  charge.  And  since  the 
temperature  effects  are  proportional  to  the  mass-dilution 
ratio,  and  the  temperature  effects  on  the  combustion 
rates  can  be  represented  fairly  well  by  exponential  func- 
.  mathematically,  we  shall  attempt  to  analyze  the 
dilution  effects  by  plotting  the  spark-advance  versus  the 
dilution  ratios  on  logarithmic  cross-section  paper. 

The  volume  V  +  C  -  -  C  (pc/Pi)1'"  of  the  new 
charge,  at  temperature  7",  and  pressure  P,-  is  mixed 
with  a  volume  C  i  /<•  /',  >'  "  of  dead  gas,  of  pressure  Pi 
and  temperature  T.  (p.  /',)'".  Since  the  density  of 
gases  at  the  same  pressure  is  inversely  proportional  to 
their  absolute  temperatures,  the  mass-dilution  ratio  of 
the  total  gas  to  the  new  charge  is  1  +  {pe/Pi)  (Ti/Te)/ 
{  r —  '  p.  P,)''*\,  an  expression  that  may  be  compared 
with  the  corresponding  one  for  the  volumetric-dilution 
ratio. 

In  these  expressions  for  volumetric  or  mass-dilution 
ratios  the  value  of  y,  the  specific-heat  ratio,  was  left  un- 
specified. We  may  choose  two  cases  to  be  tried  out  on 
results.  First,  because  of  its  simplicity,  we  may 
see  what  will  happen  if  y  =  1,  or  the  expansion  is  iso- 
thermal. Then  the  volumetric-dilution  ratio  becomes 
1  4-  (Pc/Pi)/(r —  p.  Pi)  ;  and  the  weight-dilution  ratio 
•l  {.Ve/Pi)       I      l',)/(r  —  p,/Pi).     The   two 

■■us  differ  in  this  case  only  in  the  fact  that  the 
exhaust  temperature  is  higher  than  the  intake  tempera- 
tun-.  It  loll., '.%  that  mass  dilution  is  less  than  volu- 
metric dilution  under  the    ame  conditions. 

There  is  another  peculiar  angle  to  this  affair  which  is 
interesting.  If  T,  rises,  at  constant  p,  and  /',,  the  cylin- 
der J/.-,  doee  nol  (yel  hotter,  because  the  mass  of  the  ex- 
haust gases  retain..!  in  the  clearance  drops  as  TV  in- 
proportion  to  T,  while  its  heat-content 
per  unit  mass  increases  in  direct  proportion  to  TV.  Hence, 
the  heal  added  by  the  clearance  gas  to  the  new  charge  at 
taut  p,  and  /',  is  fairly  independent  of  '/', . 

Actually  we  can  hardly  assume  that  the  re-expansion 
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of  the  clearance  gases  is  isothermal.  If  it  is  adiabatic, 
the  value  of  y  is  around  1.30  to  1.35  and  it  will  be  con- 
venient to  take  1/j/  as  0.75.  The  analysis  of  the  engine 
tests  justifies  this,  as  will  soon  be  shown.  Also,  in  de- 
termining mass  dilution,  Te  and  T,  need  to  be  measured 
while  obtaining  the  experimental  data. 

In  a  wider  field  the  change  of  the  mixture-ratio  may 
itself  be  taken  as  one  kind  of  dilution.  We  may  con- 
sider the  perfect  mixture,  or  the  mixture  for  complete 
combustion,  to  be  diluted  either  with  excess  fuel  or  with 
excess  air.  Actually  this  assumption  is  a  rather  poor 
one,  in  the  case  of  rich  mixtures  at  least,  because  the 
chemical  reactions  of  combustion  are  not  the  same  when 
the  mixture-ratios  are  varied.  But  the  nitrogen-com- 
ponent of  the  air  probably  acts  as  a  diluent  much  as  ex- 
haust gas  does  in  the  engine.  An  inspection  of  the 
curves  of  explosion-time  versus  mixture-ratio,  as  in  Figs. 
1  and  2,  shows  a  general  tendency  to  a  curve  of  cubic 
form,  or  thereabout,  symmetrical  about  a  vertex  for  the 
mixture  at  the  maximum  combustion-rate.  It  will  be 
shown  from  the  engine  tests  that  combustion  is  slowed 
by  dilution  with  exhaust  gases  in  proportion  to  the  in- 
verse cube  of  the  mass-dilution  ratio. 

In  finding  the  dilution  factor  from  engine  tests  one 
need  not  be  particular  about  the  value  of  pe.  At  full 
load  and  speed,  pe  may  be  appreciably  higher  than  at- 
mospheric pressure;  but  P,  is  then  close  to  atmospheric 
pressure,  and  dilution  does  not  vary  rapidly  with  p,_  P, 
when  this  ratio  is  near  unity.  At  light  loads,  pe  becomes 
substantially  identical  with  atmospheric  pressure ;  and 
Pi  is  equal  to  the  atmospheric  pressure  less  the  intake 
suction.  If  P,_.  represents  atmospheric  pressure  and  S 
the  intake  suction,  all  pressures  being  in  same  units,  of 
course,  then  pe  P,  may  be  replaced  by  P„  <  Pa  —  S) 
without  much  error.  It  is  better,  naturally,  to  measure 
values  of  p,  and  P* ;  but  many  extant  data  can  be  made 
available  for  fairly  accurate  determinations  of  dilution 
from  the  recorded  values  of  S,  with  p,  unknown  and  P„ 
found  by  a  reasonable  guess. 

Original  Cornell  University  Tests 

Our  first  tests  to  check  the  theory  we  have  outlined, 
as  affecting  the  optimum  spark-advance  for  various  loads 
and  speeds,  were  made  on  a  Ford  engine  in  the  Cornell 
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9 — Effect   of   Varting  the  Speed   on   the  Optimum    Spakk- 
Advaxce  of  a  Ford  Engine 


University  laboratory.  This  is  a  stock  engine  with  the 
exception  of  minor  changes;  it  has  Dow  metal  pistons, 
an  Atwater  Kent  open-circuit  ignition-system,  and  a 
Rayfield  thermostat  to  control  the  temperature  of  the 
discharge  water.  The  carbureter  is  of  the  regular  Holley 
type.  Instead  of  the  air-horn  for  supplying  heated  in- 
take-air we  used  electric  heating,  and  the  air  was  metered 
by  a  Durley  orifice.  The  temperature  of  the  entering 
air  was  kept  at  140  deg.  fahr.  unless  otherwise  noted; 
the  discharge  water  also  was  at  140  deg.  fahr.  A  Froude 
water-brake  was  used  to  measure  and  absorb  the  torque. 
Gasoline  was  measured  by  a  specially  calibrated  Pen- 
berthv  flow-meter. 


TABLE 

i — OPTIMUM     SPARK-ADVANCES    ON    FORD     ENGINE 

Intake 

Optimum 

Speed 

Suction, 

Spark-      Tolerance  in  Spark- Advance 

R.P.M 

In.  of 

Advance,    for  10  Per  Cent  Power  Loss 

Mercury 

Deg. 

1,400 

5.55 

60                            46  to 

86 

1,400 

8.80 

64                            48  to 

64 

1,400 

12.00 

70                            51  to 

91 

1,400 

14.20 

85                            72  to 

100 

1,200 

4.40 

55                           43  to 

81 

1,200 

13.30 

63                            40  to 

82 

900 

10.40 

52                           36  to 

68 

800 

2.60 

53                           32  to 

72 

600 

1.10 

42                           23  to 

63 

600 

6.70 

42                           23  to 

61 

600 

11.70 

58                           38  to 

75 

600 

16.60 

49                           37  to 

59 

4-  8  12  1G  ZO 

in+akeSucHon,  :n  ofmercuuj 

Fig.  S — Effect  of  Vap.ting  the  Intake  Suction  on  the  Optimum 
Spark-Advance  of  a  Ford  Engine  at  a  Constant  Speed 


Some  tests  made  on  this  engine,  as  a  preliminary  ex- 
amination, have  been  presented  already  in  Figs.  3  and  4. 
The  determination  of  the  optimum  spark-advance  was 
for  some  time  a  part  of  the  students'  work  in  the  labora- 
tory. Each  day  a  series  of  combinations  of  load  or  in- 
take suctions  and  speeds  were  investigated ;  at  each  load- 
speed  setting  a  curve  of  the  brake-torque  versus  the 
spark-advance  with  at  least  five  points  was  found.  Table 
3  shows  such  a  set  of  determinations  in  1  day's  work. 
These  were  obtained  with  the  mixture  always  at  or  near 
the  maximum-power  value,  the  intake  air  and  the  dis- 
charge-water temperatures  were  140  deg.  fahr.  and  the 
barometric  pressure  was  29.35  in.  After  a  considerable 
amount  of  data  such  as  those  in  Table  3  had  been  col- 
lected, curves  were  plotted,  as  in  Fig.  8,  of  the  optimum 
spark-advance  versus  the  intake  suction  for  a  constant 
speed.     Such  curves  were  used  for  reducing  all  the  re- 
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-action,  as  we  had  not  at  that  time 

the  dilution  effect.    Reduction 

:uction  t.  ant,  not 

ric  dilution  with  -.  ami  u>  a  mass 

.:it   at   all   spi  the 

-  with  th(  The  curves 

3  and  9  will  illustrate,  I  a  very  good 

method  of  analysis  for  commercial  purpx —      In  Fig.  S 

.etion  is  seen  to  be,  with  sufficient 

l'.>r  all  speeds;  in  other  words,  a  curve 

of  i:  effect  can  be  drawn  at  the  bottom  of 

d  a  curve  parallel  to  this  will  answer  for  each 

speed.     With   the   aid   of  this  curve    for   intake-suction 

.  were  reduced  to  values  for  a  zero  in- 

tion,  and  with  these  reduced  values  the  curve  of 

the  optimum  spark-advance  for  zero  intake-suction  versus 

speed  in  I  plotted.     The  optimum  spark-advance 

nation  of  speed  and  intake-suction  can  then 

be  found  by  addi'  er  the  advance-for-speed  effect 

fr„r  -  iction  effect  from  Fig.  8. 

-<00  r.p.m.  a   12-in.  suction  requires  47 

1  and  13  deg.  for  suction  or  a  total  of  60 

.jous  that  if  this  possibility  of  representing  the 

optimum  spark-advance  in  a  given  engine  as  a  sum  of 

two  parts,  one  for  speed  and  one  for  intake  suction,  is 

i  on  other  engines,  we  ha\  -  immediately 

mechanical  control  of  the  spark-advance 
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thai  will  keep  it  always  very  Close  to  the  optimum  value. 
In  the  example  just  cited,  the  control  for  speed  alone 
would  have  to  l>e  set  lor  the  full-load  conditions,  and  if 
the  automatic  control  by  speed  alone  were  not  corrected 
by  supplementary  hand-control  the  error  of  spark-setting 
at  the  12-in.  suction  would  be  sufficient  to  cause  a  loss  of 
about  .".  per  cent  in  power  and  economy.  As  this  loss 
occurs  under  the  most  common  running  conditions,  it  is 
worth  thinking  about. 

Since  we  have  not,  in  the  curve  of  Fig.  9,  entirely 
eliminated  the  effect  of  dilution,  out  have  merely  re- 
duced   it    to   a    point    where   the   dilution    effect    is   Dearly 

tant,  we  cannot,  perhaps,  determine  the  turbulence 
effect  wuh  complete  accuracy.  The  form  of  the  curve  in 
Fig.  9  is  due  principally,  how.  turbulence  effect. 

Hence,  in  Fig.  10,  we  plot  R  a  versus  /?,  pick- 
ing    values     of     a       from     Fig.     9     for     various     values 
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0     10     10    30    W    50     60     10    80    30    40     SO   60     70    80    90 
Spark -Advance,  deg 
-  mo-  of  the  Dilution  and  Spied  Factors  in  tub  Spark- 
.  tinental  Engine  at  a  Speed  op  8U0  K  I'M. 

of  R.  The  curve  in  Fig.  10  is  really  only  a  graphic 
analvsis  of  Fig.  9.  The  equation  of  the  straight  line  in 
Fig."  10  is  R/ao  =  9.3  (1  +  0.0010/?)  Hence  the 
equation  of  the  curve  in  Fig.  9  is  a-  =  0.108/? 
(1  -f  0.0010/?).  Since  a„  =  (2/9)/?  times  the  explosion- 
tin,. ■.  ,i  follows  that  the  explosion-time  of  the  Ford  en- 
gine combustion-chamber  as  a  bomb,  without  turbulence, 
but  with  the  dilution  corresponding  to  a  zero  intake- 
suction,  is   (2/9)   X  0.108  =  0.0230  sec. 

It  is  rather  gratifying  to  find,  in  Fig.  10.  that  turbu- 
lence in  an  engine  cone-ponds  to  the  same  type  of  law 
of  action  as  in  the  case  of  Hopkinson's  bomb  tests,  as  is 
shown  by  comparing  Figs.  7  and  10;  and  that  the  turbu- 
lence factor  for  the  speeding-up  of  the  combustion  by 
turbulence  can  be  evaluated  so  readily  by  simple  tests 
for  determining  the  optimum  spark-advance. 

Supplemental  Tests  on  a  Continental  Engine 

Fig.  8  shows,  the  data  obtained  from  student  work 
the  Ford  engine  were  not  good  enough  to  evaluate 
the  dilution  factor  in  Bpark-advance  in  a  scientific  wax. 
Hence,  we  turned  to  a  Continental  7-R  Bix-cylinder  en- 
gine, which  we  hav<  ■'  up  in  the  Cornell  University 
laboratory,    with    an    electric    dynamometer   and   a    fairly 

complete  outfit  of  measuring  devices.    A  Sylphon  thermo- 

maintains  the  di  water  at    from    186   to  140 

deg.  fahr. ;  the  carbureter  is  of  Stromberg  make,  model 

the  intake  air  is  at   room  temperature,  and  a  large 
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",00      10    20   30     40     50    60    70     80    20    30    40     50   60    70    80" 
Spark-Advance,  deg. 
Fig.  13 — Study  of  the  Dilution  and  Speed  Factors  in  the  Spark- 
Advance  of  a  Continental  Engine  at  a  Speed  of  1200  R.P.M. 

hot-spot  incorporated  into  the  manifold.  The  compression 
ratio  is  4.55  to  1.  At  full  throttle,  this  engine  detonates 
considerably  on  Standard  Oil  gasoline  and  this  fact  was 
bothersome  at  times,  yet  led  to  one  of  our  most  interest- 
ing discoveries  concerning  the  reaction-rate  of  com- 
bustion, or  the  effect  of  an  anti-knock. 

The  main  body  of  our  experimental  work  on  the  Con- 
tinental engine  is  shown  in  Figs.  11,  12,  13,  and  14.  At 
each  of  the  speeds,  400,  800.  1200,  and  1600  r.p.m.,  we 
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50     60    70      0      10 
Spark  -Advance, cleg. 
Fig.  14 — Study  of  the  Dilution  and  Speed  Factors  in  the  Spark- 
Advance  of  a  Continental  Engine  at  a  Speed  of  1600  R.P.M. 

made  sets  of  runs  with  the  intake-suction  at  5,  10,  15  and 
approximately  20  in.  of  mercury.  In  these  runs  we 
found  the  brake  mean-effective  pressure  and  the  exhaust 
temperature  as  functions  of  the  spark-advance.  The 
optimum  spark-advance  can  then  be  read  off  at  the  peak 
point  of  the  brake-torque — mean-effective-pressure  curve 
found  for  each  combination  of  speed  and  suction  result- 
ing from  a  change  of  the  spark-advance.  Fairing  curves 
represented  by  the  dashed  lines  of  Figs.  11  to  14  of  the 
spark-advance  versus  the  mean-effective  pressure  were 
then  drawn  in  for  each  constant  speed.  The  general  re- 
sults of  varying  the  optimum   spark-advance   with   the 


intake-suction  or  load  are  grouped  in  Fig.  15  and  plotted 
for  constant  speeds.  The  observed  points  plotted  in  Fig. 
15  are  the  peaks  of  the  curves  of  Figs.  11  to  14,  without 
fairing;  the  curves  drawn  in  Fig.  15  are  laid  in  with 
regard  both  to  each  other  and  to  the  fairing  curves  in 
Figs.  11  to  14.  The  curves  of  Fig.  15  are  replotted  in 
Fig.  16  as  curves  of  the  spark-advance  at  a  constant  in- 
take-suction versus  the  speed. 

Throughout  the  tests  on  the  Continental  engine  the 
mixture-ratio  was  kept  near  to  that  of  maximum  power. 
When  running  near  to  the  20-in.  suction  any  setting  of 
the  mixture  for  steady  satisfactory  running  at  the  lower 
speeds  was  difficult  and  sometimes  almost  impossible;  it 
could  be  done  at  the  higher  speeds.     This  circumstance 
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Fig.   15 — Curves   Showing  the  Relation  between  the  Opttmcm- 

Spark-Advance  and  the  Intake  Suction  for  Various   Speeds  of 

a  Six-Cylinder  Continental  Engine 

probably  is  part  of  the  reason  that,  the  spark-advance  at 
the  20-in.  suction  must  be  so  great  at  low  speeds.  The 
dilution  of  the  charge  with  exhaust  gas  is,  of  course,  very 
high  at  a  20-in.  intake-suction;  and  it  is  higher  at  low 
speeds  than  at  high  ones,  because  the  exhaust  tempera- 
tures are  higher  at  high  speeds. 

The  exhaust  temperatures  found  are  plotted  in  Fig.  17 
against  the  intake  suction  for  constant  speeds,  and  in 
Fig.  18  against  the  speed  for  constant  intake-suctions. 
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Fig.    16 — Curves   Showing   the  Relation   between   the   Optimum 

Sp.ark -Advance   and    the    Speed    of   a    Continental    Engine    for 

Various  Intake-Suctions 

(Concluded  on  p.  172) 
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Tist  important  problem 
antry  today.     The  lack  of  transportation 
impeding  the  production  of  the  Coun- 
condition  whereby  it  will 
rtantially  increased 
jive  ir  present  facili- 

udition  will  continue 
II  be  required  to  pay  high  freight-! 
d  return  receive  unsatisfa*  vice. 

Th'  ent  of  ni  ;tion  problems  of  na- 

I  general  concern  depends  largely  on  the  under- 
em  and  on  the  realization  that  the  intei  ■ 
the  shippers  and  the  public  are  for  the 
ding  the  phenomenal 
■rtation  by  motor  truck,  there  is  an  in- 
nt  public  demand  for  more  and  better  transporta- 
Wi:h  hardly  an  exception,  the  main  lines 
the  United  States  have  sufficient  capac- 
oving  of  all  freight  that  can  be  offered  to 
then.  .    nerally  speaking,  rail  transportation  is  re- 

ed only  by  the  complicated  movements  and  delay  of 
and  freight  within  the  terminal  an 
The  congestion    at    the   railroad   terminals,   while   re- 
of  motor  trucks,  as  supplements  to  rail- 
.  ice  within  terminal  areas,  has  opened  up  a  field 
heir  operation  in  competition  with  the  railroads  and 
:eveloped  the  use  of  motor  trucks  to  furnish  complete 
-.  between  industries  separated  by  what  is 
deemed  to  be  a  reasonable  trucking  distance.     The  limit 
ile  trucking  distance  is  variously  estimated, 
of  trucks  have  under- 
cut to  so-called  long-distance  truck- 
trotl8  financial  results  to  themselves. 
ins  have  aroused  public  clamor  be* 

:  to  have  been  caused  by  the  move- 
laden  trucks  over  highways,  many   of 
recently  coi  I    or    improved    at 

The  railroads  also  are  feeling  the 
m  of  these  long-distance  trucking 
leling  railroad  Hi  ■ 

•  inal  areas  and  within  a  radius 
rom  the  center  of  a  terminal  area, 
I  merchandise  and  of  all  other 
freight    can    be    furnished    by    m 

nomically  than  by  railroad. 

n  by  motor  truck  is  profitable, 

it  is  unprofitable. 

if  the  motor  truck  and  the 

ordinated   the  activities  of  the 

fined  to  the  moving  of 

rminal  areas  or  :.  to. 

•he    prompt    movement   of 

performing  this  service, 

■  ■        [here  are  three 

railroad  ways 


■  lea. 


and  highways.      The  public   is  entitled  to   that    torn 
transportation  which  is  most  economical  and  should  not 
i.e  compelled  to  use  any  form  of  transportation  that  does 
not  perform  the  service,  from  both  a  time  and  rate  stand- 
point, to  which  it  is  entitled. 

It  is  generally  agreed  that  the  highways  and  the  motor 
trucks  have  been  developed  along  most  efficient  lines,  but 
the  problem  that  has  to  do  with  the  use  of  the  highwavs 
by  motor  trucks  still  remains  unsolved.  This  is  due 
probably  to  the  fact  that  there  does  not  seem  to  be  the 
proper  relation  between  the  highway  and  the  rail  carriers. 
This  may  be  due  to  a  lack  of  understanding  as  to  the  eco- 
nomic rights,  in  the  interests  of  the  public,  of  these  two 
rtant  forms  of  transportation. 

The  railroads  of  the  Country  are  faced  today  with  the 
most  severe  motor-truck  competition  covering  short-haul 
freight  movements,  that  tends  to  deplete  further  their 
much  needed  freight  revenues.  The  motor  truck  is  also 
hauling  freight  long  distances,  frequently  at  rates  that 
are  considerably  higher  than  rail  rates,  and  if  inquiry  be 
made  as  to  why  the  motor  truck  handles  long-haul  freight 
the  answer  usually  is:  The  motor  truck  gives  the  ser- 
vice, while  the  railroads  do  not. 

This  is  not  entirely  true,  but  it  is  true  in  a  great  many 
bances.  Rail  carriers  complain  that  motor  trucks  haul 
freight  when  the  rates  are  high  and  the  road  conditions 
are  good.  When  motor-truck  conditions  are  not  favor- 
able, particularly  in  winter,  the  railroads  are  required  to 
haul  this  class  of  freight,  which  further  adds  to  their 
many  transportation  troubles. 

It  has  been  said  that  the  public  ultimately  will  define 
the  economic  range  of  the  motor  truck.  This  is  undoubt- 
edly true,  but  the  public  will  have  to  be  educated,  either 
by  the  railroads  or  by  the  shippers,  in  order  that  they  can 
arrive  at  the  proper  conclusion. 

The  highways  and  the  motor  truck  can  do  much  to  help 
or  hamper  the  rail  carriers,  but  before  improvement  can 
be  made  it  will  be  necessary  to  coordinate  the  rail  and  the 
highway  and  place  each  form  Of  transportation  in  its 
proper  economic  field.  It  will,  therefore,  seem  important 
that  in  the  intere  '  of  the  public  the  rail  and  the  highway 
carriers  should  get  together  and  endeavor  to  arrive  a'  a 
proper  understanding  as  to  their  rig 

The  shipping  public  is  being  urged  by  the  carriers  to 
load  can  t"  capacity  ami  to  unload  and  load  promptly, 
which  would  mean  the  use  of  much  additional  equipment 
now  idle,  due  to  condition-  over  which  the  carriers  do  not 
to  have  control.  There  is  a  limit,  however,  as  to  the 
amount  of  freight  that  can  be  loaded  on  cars,  which  is 
controlled  in  a  great  many  instances  by  commercial  con- 
ditions. Thi-  i  not  true,  however,  so  far  as  the  prompt 
unloading  and  loading  of  i  ncerned.    The  carriers 

that  this  be  done  but  make  no  recommendations  as 
OW  it  can  be  accomplished.     I  shall  therefore  call  to 
on  the  necessity  for  the  closest  cooperation 
between  all  parties   in  the  interest  of  some  method  thai 
lid   tend   to  speed   up  what  we   might  call   "terminal 
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transportation."     This  applies  particularly  to  less-than- 
carload  freight. 

Terminal  Transportation 

The  prevailing  practice  is  to  unload  less-than-carload 
freight  from  cars  into  the  freight-houses  and  to  place 
carload  freight  on  delivery  tracks  and  then  notify  the  con- 
signee by  mail  of  the  arrival  of  the  goods.  Less-than- 
carload  shipments  remain  in  the  freight-houses  of  the 
railroads  an  average  time  of  3  days;  carload  shipments 
remain  on  delivery  tracks  in  excess  of  2  days.  A  well- 
organized  store-door  delivery  plan  should  make  the 
freight-house  space  available  for  use  not  less  than  twice 
a  day,  instead  of  once  every  3  days ;  thus  the  capacity  of 
these  facilities  would  be  increased  six-fold.  The  capacity 
of  the  delivery  tracks  should,  under  the  store-door  deliv- 
ery plan,  be  increased  four-fold. 

The  investment  in  freight-house  and  delivery-track 
space  represents  an  item  of  expense  that  is  frequently 
lost  sight  of  by  the  railroads  in  their  computation  of  the 
cost  incident  to  the  handling  of  the  traffic  involving  the 
use  of  these  facilities.  Attention  is,  therefore,  directed 
to  the  fact  that  this  item  alone,  in  some  localities,  repre- 
sents an  expense  of  $3  per  ton  on  less-than-carload  traffic 
and  as  much  as  $10  per  day  per  car  on  carload  traffic. 

Obviously,  therefore,  an  increase  in  the  capacity  of  an 
existing  facility  results  in  a  reduction  in  the  overhead 
expense  of  operating  the  facility,  provided  that  the  in- 
crease in  the  capacity  is  utilized.  With  a  reduction  in 
the  overhead  expense  and  a  substantial  reduction  in  the 
labor  cost  of  handling  freight  through  freight-houses, 
the  railroads  could  well  afford  to  offer  the  consignee,  as 
an  inducement  to  avail  himself  of  store-door  delivery  ser- 
vice, a  rate  that  is  substantially  lower  than  he  is  now 
paying.  Unless  the  plan  is  made  attractive  to  the  con- 
signee the  volume  of  traffic  influenced  by  it  will  not  be 
sufficient  to  afford  the  freight-houses  and  the  delivery 
tracks  any  material  relief.  And  by  making  available  to 
the  consignee  a  better  service  at  a  lower  cost  to  him  all 
grounds  for  criticism  and  objection  would  be  removed. 

If  we  are  to  speed-up  the  movement  of  the  freight  pass- 
ing through  the  terminals  it  will  be  necessary  for  the  car- 
riers and  the  shippers  to  agree  upon  and  develop  a  system 
of  store-door  delivery  and  collection  service.  This  would 
mean  the  more  intensive  use  of  the  present  terminal 
facilities  and  would  make  it  entirely  possible  to  handle  a 
heavier  tonnage  both  inbound  and  outbound.  It  is  im- 
portant that  the  rail  carriers  have  control  of  their  freight 
terminals  in  order  that  they  may  clear  them  promptly  of 
inbound  and  outbound  freight,  which  does  not  seem  to  be 
possible  under  the  present  method  of  handling  freight 
moving  over  the  carriers'  platforms  and  freight  termin- 
als. 

What  is  needed  at  present  is  closer  cooperation  between 
the  shippers  and  the  receivers  of  freight  and  the  rail 
carriers.  The  lack,  however,  of  a  definite  plan  for  han- 
dling this  class  of  freight  has  resulted  in  the  freight's 
remaining  in  the  carriers'  terminals  to  the  extent  that 
there  is  more  or  less  freight  congestion  at  all  times. 
When  the  congestion  becomes  acute,  freight  embargoes 
are  issued  by  the  carriers,  that  result  in  the  partial  stop- 
ping of  freight  movement  until  the  terminals  can  be 
cleared.  It  further  results  in  delaying  the  carriers'  equip- 
ment, which  is  needed  both  at  this  and  at  all  times. 

The  present  cost  of  handling  freight  through  the  ter- 
minals warrants  the  carriers  in  taking  all  the  steps  pos- 
sible toward  the  prompt  removal  of  freight  from  their 
terminals.  No  storage  charge  is  sufficient  to  reimburse 
the  carriers  for  the  freight  held  in  their  terminals,  on  ac- 


count of  the  space  occupied,  the  extra  labor  required 
through  the  consequent  congestion  and  the  cost  of  ship- 
ments lost  or  damaged  by  storage  and  congestion. 

Can  the  motor  truck  be  used  to  relieve  freight  conges- 
tion, thereby  reducing  the  carriers'  terminal  expense,  and 
to  transport  freight  to  and  from  the  carriers'  terminals 
to  a  greater  extent  than  it  is  being  used  at  present?  Under 
a  proper  system  and  organization  the  motor  truck  should 
play  an  important  part  in  speeding-up  terminal  trans- 
portation. To  do  this,  however,  it  would  be  necessary  for 
the  carriers  and  the  shippers  to  agree  upon  a  store-door 
collection  and  delivery  service,  which  seems  to  be  the  only 
method  whereby  freight  can  be  moved  to  and  from 
freight  terminals  in  the  shortest  possible  time.  Store- 
door  delivery  would  relieve  freight  congestion  and  delay, 
and  should  finally  solve  the  carriers'  terminal  problem. 

Practice  in  Canada 

Canada  has  solved  the  terminal-congestion  problem  by 
the  adoption  of  store-door  delivery.  Practically  since  the 
inception  of  railroads  in  eastern  Canada  carriers  in  the 
principal  distributing  centers  have  provided  a  cartage 
service  to  and  from  the  freight  terminals  and  the  ware- 
houses or  the  store-doors  of  the  shippers  and  the  con- 
signees. Both  services  appear  to  be  economically  sound, 
even  when  viewed  from  the  standpoint  of  the  carriers' 
interest. 

It  is  interesting  to  note  the  reasonable  teaming  charges 
in  Canada,  which  are  made  possible  by  organized  team- 
ing under  a  store-door  delivery  system.  The  average 
cartage-rate  on  carload  lots  is  $0.04  per  100  lb.  and  the 
average  cartage-rate  on  less-than-carload  lots  is  less  than 
$0.06  per  100  lb.,  which  covers  delivery  to  the  wholesale 
and  the  manufacturing  districts,  a  radius  of  approxi- 
mately 21'n  miles  from  the  terminals.  The  same  cartage- 
rates  prevail  on  outbound  shipments  moving  from  the 
shippers'  warehouses  to  the  carriers'  terminals.  . 

As  already  stated,  the  service  in  eastern  Canada  is 
governed  by  tariffs  issued  by  the  carriers  and  applies  to 
practically  all  traffic  coming  under  the  generally  accepted 
terms  of  merchandise  and  package  freight.  It  contains 
many  advantages  to  the  carriers,  the  shippers  and  the 
consignees.  With  the  exception  of  such  consignees  as 
have  elected  to  do  their  own  teaming  and  have  so  notified 
the  carriers,  no  advice  of  arrival  is  given.  The  freight 
is  billed  to  the  teaming  companies  with  charges  to  collect 
and  is  delivered  from  the  terminal,  or  car  if  a  carload, 
within  a  few  hours  of  the  unloading  or  the  placing  of  the 
car  on  the  team  track.  The  teaming  companies  have  their 
own  superintendent  in  the  freight  terminal,  whose  busi- 
ness it  is  to  see  that  the  trucks  are  promptly  dispatched 
with  loads  for  delivery  within  certain  areas  or  zones,  with 
the  result  that  freight  usually  is  in  the  consignee's  ware- 
house before  an  arrival  notice  could  reach  him  by  mail. 
All  freight  is  moved  through  the  carriers'  terminals  or 
from  the  cars  with  a  minimum  of  delay  and  freight 
charges,  and  the  receipt  for  the  delivery  of  the  freight  is 
obtained  from  the  consignees  by  the  teaming  companies. 

The  same  principle  governs  outbound  shipments.  The 
shipper  telephones  the  teaming  company  operating  for 
the  carrier  over  whose  line  he  desires  to  ship  that  he  has 
a  load  or  half  a  load  as  the  case  may  be.  These  orders 
are  consolidated  by  the  teaming  company  serving  the  dis- 
trict in  question,  the  freight  is  picked  up  at  the  shipper's 
warehouse  and  the  bill  of  lading  is  signed  by  the  teaming 
company  as  agent  for  the  carrier.  It  is  then  in  transit, 
the  carrier's  responsibility  under  the  system  beginning 
at  the  shipper's  warehouse  door  on  outbound  traffic  and 
ending  at  the  consignee's  warehouse  or  store  door  on  in- 
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motor  truck  and  its  proper  relation  to 
:.portant  problem  in  which  the  pub- 
1.  but  the  proper  solution  has  not 
been  agreed  upon  up  to  the  present  time. 

Field  of  the  Motor  Trick 

I  I  at  the  motor  truck  and  the  highways  should 

be  of  the  handling  of  short-haul  freight  over  dis- 

tances up  to  25  miles  or  distances  to  be  agreed  upon  by 
"uld  relieve  the  rail  carriers  of  the 
of  handling   short-haul  freight,  which   is 
.ed  at  a  loss  from  the  viewpoint  of  the  rate, 
but  also  congests  the  terminals  and  restricts  the  use  of 
the  carrier's  equipment  that  is  much  needed  for  long- 
haul  traffic.     The  carriers  and  the  motor  trucks  should 
agree  to  cooperate  in  the  handling  of  freight  over  dis- 
tances to  be  agreed  upon  from  the  territory  in  which  it  is 
uneconomical  for  the  carriers  to  handle  freight  and  where 
■  be  advantage  of  the  motor  truck  to  take  care  of 
rt  haul. 
Th-  -  in,  so  far  as  I  have  been  able  to  ascer- 

tain, why  the  motor  truck  should  not  act  as  a  feeder  to 
the  rail  carriers,  the  truck  operators  acting  as  agents  of 
the  rail  carriers  and  having  their  duties  and  responsibili- 
ties clearly  defined  by  tariff  rules  and  regulations.     An 
arrangement,  such  as  that  outlined,  within  a  short  time 
would  place  the  motor  truck  in  a  proper  field  and  tend  to 
eliminate  the  present  unwise  highway  competition.     Un- 
der this  arrangement  the  public  would  be  advised  as  to 
the  rates  to  be  charged;  and  I  believe  that  a  service  would 
•ndered  that  would  not  only  be  satisfactory  to  the 
:.ing  public,  but  also  prove  financially  satisfactory  to 
-  ick  operator  and  the  rail  carriers. 
The  movement  of  less-than-carload  freight  between  the 
and  main  stations  is  also  an  im- 
inasmuch  as  it  involves  much  expense 
:  and  in  many  cases  the  service 
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urge  terminal  center,  while  at  another  terminal  cen- 
ter when  the  traffic  is  handled  by  automotive  equipment. 
at  of  the  freight  so  handled  is  delivered  to  the 
forwarding  line  on  the  same  day  that  it  is  unloaded  from 
the  cars  by  tl  tag  line. 

In  some  cases  railroads  have  built  substations  outside 
the  congested  district,  where  all  less-than-carload  freight 
is  concent tated.  unloaded  and  reloaded  into  cars  for  dis- 
tribution to  various  points.  It  is  believed  that,  instead 
of  reloading  this  freight  into  cars,  it  should  be  handled 
by  automotive  equipment,  even  though  that  service  should 
prove  slightly  more  expensive  than  moving  the  cars,  to 
the  end  that  relief  may  be  afforded  to  the  terminals  and 
the  cars  be  released  for  more  profitable  service.  Unques- 
tionably, prohibiting  the  use  of  cars  and  terminals  for 
this  character  of  service  would  measurably  increase  the 
capacity  of  the  existing  facilities. 

The  remedy  for  this  situation  presents  no  serious  ob- 
stacles. It  is  only  necessary  for  the  railroads  to  arrange 
for  handling  the  traffic  by  truck  or  dray.  This  arrange- 
ment might  well  be  left  in  the  hands  of  the  local  repre- 
sentatives of  the  railroads  and  the  responsibility  for  the 
prompt  and  economical  moving  of  the  traffic  be  placed  on 
them.  If  it  should  be  found  that  no  local  transfer-com- 
pany is  equipped  to  do  the  work,  it  would  be  time  to  nego- 
tiate with  an  organization  that  is  rendering  a  satisfac- 
tory and  economical  service  at  some  other  point. 

The  transferring  of  less-than-carload  inter-line  freight 
is  also  a  costly  operation  to  the  carriers  and  tends  further 
to  congest  the  carriers'  yards  and  terminals  on  account  of 
delayed  equipment,  and  with  the  methods  now  used  in 
loading  and  unloading  inter-line  freight  it  seems  that  the 
motor  truck  is  especially  adapted  for  moving  this  class 
of  freight,  by  the  use  of  demountable  bodies  and  other 
automotive  equipment.  I  am  firmly  of  the  opinion  that 
the  result  would  be  a  speeding-up  of  inter-line  freight  and 
that  handling  by  automotive  equipment  would  result  in 
profitable  operation  for  the  motor-truck  companies  and 
give  prompt  service  to  the  public  instead  of  delayed  ser- 
vice and  at  a  decreased  cost  to  the  rail  carriers. 

Trap  Cars 

The  movement  of  less-than-carload  freight  now  being 
handled  in  trap  cars  is  a  problem  that  still  remains  un- 
solved, and  I  am  satisfied  that  when  full  consideration  has 
been  given  to  the  rights  of  the  highways  and  the  motor 
trucks,  without  interfering  with  the  just  rights  of  the 
rail  carriers,  the  motor  truck  can  and  should  be  used  for 
this  special  class  of  service. 

What  I  aid  with  respect  to  the  use  of  cars  and 

terminal  facilities  for  handling  interchange  less-than-car- 
load freight  between  railroads  will  apply  with  equal  force 
to  "trap-car"  service.  The  term  "trap-car"  is  used  to 
designate  a  service  that  is  performed  free-of-charge  by 
the  railroads  for  the  shipper  or  the  consignee  with  track 
location,  on  less-than-carload  shipments  weighing,  or  ag- 
gregating in  weight,  8000  lb.  or  more.  The  practice  is 
recognized  by  railroad  officers  as  an  unprofitable  one  and 
its  discontinuance  has  been  proposed  by  them  on  several 
occasions,  not  only  because  of  its  unprofitableness,  but 
also  because  it  gives  to  the  shipper,  or  the  consignee,  lo- 
cated on  a  track,  free  store-door  service  on  less-than-car- 
load freight,  an  advantage  not  enjoyed  by  shippers  or 
.  ithout  track  location.  Freight  agents  and 
terminal  superintendent-  are  almost  unanimous  in  ex- 
ing  Opposition  to  the  handling  of  less-than-carload 
freight  in  trap  cars.     Their  opposition  is  based  on  the 
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THE  author  believes  that  the  universal  power  unit 
will  be  direct  air-cooled,  but  states  that  the  direct 
air-cooled  engine  is  now  in  the  minority  because,  until 
very  recently,  there  has  not  been  a  sufficiently  broad 
series  of  established  engineering  facts  and  development 
work  available  to  form  a  foundation  for  improvement. 
The  satisfactory  air-cooling  of  an  8  x  10-in.  cylinder 
has  been  reported,  and  the  development  in  a  smaller 
cylinder  of  138  lb.  per  sq.  in.  brake  mean-effective  pres- 
sure; also,  in  a  three-cylinder,  air-cooled,  radial-engine, 
a  brake  mean-effective  pressure  of  more  than  125  lb. 
per  sq.  in.  was  developed  and  the  engine  endured  beyond 
the  ordinary  expectations  for  water-cooled  engines. 
Since  these  sizes  and  values  ai'e  larger  and  greater 
than  those  of  standard  automobile  engines,  even  though 
these  developments  may  have  been  accomplished 
through  the  use  of  high-grade  airplane-fuel,  delicate 
aluminum  finning  and  costly  cylinder  construction,  the 
author  feels  justified  in  the  conviction  that  direct  air- 
cooling  already  is  a  success.  The  paper  is  devoted  to 
a  detailed  and  illustrated  description  and  discussion  of 
the  engineering  features  of  the  car  built  by  the  com- 
pany represented  by  the  author. 

THE  direct  air-cooled  engine  already  has  been  de- 
veloped to  a  state  of  perfection  that  should,  in  a 
very  short  time,  allow  it  to  prove  the  superiority 
of  direct  air-cooling.  When  constructed  properly  from 
recent  designs  it  will  be  found  that  its  exhaust-valves 
will  be  cooler,  the  carbon  formation  less  and  that  it  will 
be  free  from  burnt  and  warped  valves  that  so  often  are 
caused  by  the  formation  of  a  lime  deposit  in  the  water- 
jacket  adjacent  to  the  cylinder-head  and  the  valve-seat's. 
The  universal  power  unit  will  be  direct  air-cooled  because 
it  already  has  been  proved  superior  in  the  desert  and  for 
polar-expedition  usage. 

At  present,  the  direct  air-cooled  engine  is  in  the 
minority  because,  until  very  recently,  a  sufficiently  broad 
series  of  established  engineering  facts  and  development 
work  was  not  available  to  form  a  foundation  from  which 
the  air-cooled  engine  successes  of  the  immediate  future 
could  spring.  S.  D.  Heron  reports  the  satisfactory  cool- 
ing of  an  8  x  10-in.  cylinder  and  the  development  in  a 
smaller  cylinder  of  138  lb.  per  sq.  in.  brake  mean-effective 
pressure,  which  is  decidedly  more  than  that  developed  by 
any  standard  automobile  engine.  C.  Lawrance's  three- 
cylinder  radial-engine  endured  far  beyond  the  expectation 
for  any  water-cooled  engine  and  showed  a  brake  mean- 
effective  pressure  of  more  than  125  lb.  per  sq.  in.  which, 
once  again,  is  far  higher  than  that  used  by  any  standard 
automobile  engine.  Although  the  above  developments 
may  have  been  accomplished  through  the  use  of  airplane 
fuel,  a  delicate  aluminum  finning  and  costly  cylinder  con- 
struction, I  feel  confident  that  the  results  should  warrant 
the  conviction  of  the  most  skeptical  that  direct  air-cooling 
is  a  success  and  must  be  recognized  as  such  if  further  suc- 
cessful engine  development  is  accomplished. 

Cooling  Ability 
About  22  years  ago,  John  W.  Wilkinson  applied  his 
skill  to  the  construction  and  operation  of  the  first  direct 


1  M.S.A.E. — Research  engineer.  H.  H.  Franklin  Mfg.  Co..  Syracuse. 

n.  y. 


Fig.    1 — Phantom    View    of    the    Cooling    System    Used    in    the 
Franklin  Car 

air-cooled  car  built  by  our  company,  and  his  work  has  re- 
sulted in  our  Series-10  car. 

I  acknowledge  that  the  cooling  system  on  some  of  the 
early  models  of  our  cars  was  not  all  that  could  be  desired, 
but  I  believe  the  Series-10  cooling  system  to  be  at  least 
the  equal  of  any  water-cooled  system.  Supposing  a  tem- 
perature of  100  deg.  fahr.  in  the  shade  to  be  that  of  a 
summer  day,  that  the  powerplant  of  a  Series-10  car,  with 
all  the  gasoline  tanks,  the  mufflers  and  the  like,  has  been 
removed  and  mounted  on  a  power  jack  to  run  a  dynamo- 
meter or  pump  that  will  allow  regulation  of  the  load  and 
that  a  stream  of  air  or  water  is  provided  to  play  on  the 
oil-pan;  this  engine  can  then  be  run  with  open  throttle 
at  a  speed  of  500  to  2500  r.p.m.  as  long  as  desired,  without 
the  necessity  of  using  any  additional  air-cooling,  I  sug- 
gest that  if  the  powerplant  from  a  water-cooled  car  were 
tested  in  this  same  way,  respect  for  the  air-cooled  engine 
would  not  be  lessened.  The  Series-10  direct  air-cooled 
powerplant  has  been  operated  from  the  Atlantic  to  the 
Pacific,  far  north  and  far  south,  through  Death  Valley 
and  across  the  American  Desert,  and  has  demonstrated 
that  the  direct  air-cooled  engine  has  arrived. 

Fig.  1  is  a  phantom  view  of  the  cooling  system.  The 
Series-9  engine  used  a  Sirocco  cooling  fan  17  in.  in  diam- 
eter, of  3x/2-in.  width  of  face  and  having  64  blades 
mounted  on  the  flywheel  to  suck  the  cooling  air  down 
past  the  cooling  fins,  but  the  Series-10  fan  is  mounted 
at  the  front  end  of  the  crankshaft  and  blows  the  cooling 
air  up  through  a  duct  over  the  top  of  the  cylinder  and 
then  down  past  the  cooling  fins,  exhausting  into  the  hood 
of  the  car.  The  Series-10  Sirocco  fan  is  14  in.  in  diame- 
ter, has  a  3V2  in.  width  of  face  and  64  blades  tipped  32 
deg.  forward  the  same  as  in  the  Series-9  engine.  The 
blower  system  has  been  developed  into  a  very  efficient 
one  that  now  delivers  a  greater  volume  of  cooling  air 
at  a  greater  pressure,  and  yet  consumes  far  less  power 
to  drive  it,  than  does  the  Series-9  system,  with  the  17-in. 
fan.  At  1600  r.p.m.  of  the  engine,  the  14-in.  fan  con- 
sumes 1  hp.,  as  compared  with  2  hp.  for  the  17-in.  fan. 
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le  elevation  and  plan 
-.he  chassis.    Since  the  chassis  ui  the  : 
:he   Series-10   cars  are   identical   insofar   as   weight 
and  roll::  .ince  are  concerned,  1  shall  continue  to 

the  cooling  system  in  terms  of  car  speed  in  miles 
per  hour  because  my  curves  are  all  made  on  this  basis. 
-tance   of   those   who    may    wish    to    reduce 
-,o  a  practical  application,  I  have  computed 
the  diameter  of  an  orifice  of  equivalent  area  to  that  of 
the  total  that   are    formed   around   the   six 

cylir  ur  engine.    This  equivalent  orifice  is  com- 

pute •  locity  coefficient  of  100  per  cent.    The 

.rifice   has   an   area   of   0.306   sq.   ft.      The 
B  orifice  has  an  area  of  0538  sq.  ft.    The  cylin- 
on  the  9-B  engine  were   built   on  o'.-in.  cen 
but  the  cylinders  on  the  10-A  engine  are  built  on  5-in. 
At  a  car  speed  of  20   m.p.h.,   the  9-B  engine 
:  8  cu.  ft.  per  sec.  of  cooling  air  as  compared  with 
i.  ft.  per  the  10-A  engine.     The  back  pres- 

on   the  9-B  engine  was  0.3   in.  ;   on   the 

0.6  in.  of  water.     Our  Series   10-A 
".  m.p.h.  with  a  full-open  throt- 
tle at  a  temperature  of  95  deg.  fahr.  in  the  shade  for  as 
long  as  it  may  be  desired  to  drive  up  hill  at  this  speed, 
vill  endeavor  to  show  later,   in  detail,  how  we  ob- 
•  d   the   increased   efficiency   in   the   cooling 

ime   of  cooling   air  delivered   increases   directly 


with  the  speed  of  the  engine.  The  pressure  of  the  cool- 
ing air  in  the  duct  increases  as  the  square  of  the  speed, 
while  the  horsepower  consumed  by  the  fan  increases  as 
the  cube  of  the  speed.  We  have  no  desire  to  use  and  do 
not  believe  in  the  ultra  high-speed  engine,  but  I  feel  it 
to  be  evident  to  all  that  it  would  not  be  advisable  to  at- 
tempt to  cool  with  the  direct-connected  fan,  since  the 
power  it  consumes  increases  as  the  cube  of  the  engine 
speed.  The  power  consumed  by  our  cooling  fan  at  20 
m.p.h.  is  approximately  0.3  hp.  At  30  m.p.h.  it  is  0.8  hji. 
After  making  careful   compai  if   the   power  con- 

sumed by  airplane  propeller-blade  fans  just  back  of  a 
radiator,  I  am  led  to  believe  that  our  cooling  fan  uses 
no  more  and,  in  most  cases,  decidedly  less  horsepower 
to  drive  it  than  is  consumed  by  the  ordinary  fan  just 
back  of  a  radiator.  Our  grille  eons! ruction  provides  a 
freer  passage  of  air  than  would  be  possible  with  a  wa 
filled  radiator.  All  of  the  air  pumped  by  our  fan  acquires 
a  rise  in  temperature  of  from  '.Ml  to  120  deg.  fahr.  while 
passing  over  the  engine,  and  may  reach  220  deg.  fahr. 
at  the  exit  with  perfect  safety.  Since  the  water-filled 
radiator  never  heats  the  air  to  more  than  from  45  to  60 
deg.  fahr.,  at  least  twice  the  volume  would  be  re<|u 
for  a  given  cooling  with  a  pp'portionate  increased  con- 
sumption of  fan  horsepower. 

The   water-circulating    pump    with    its    driving    gear, 
shaft,  bearings  and  stuffing  boxes,  can  easily  absoi 
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much  power  as  the  water-cooling  fan.  The  increased 
power  losses  and  the  additional  complications  necessary 
to  operate  a  water-cooled  system  have  been  accepted  by 
a  majority  of  engine  builders,  but  I  am  convinced  that 
they  must  recognize  the  increased  efficiency  and  the 
direct  simplicity  that  we  are  able  to  gain  through  the 
use  of  a  single  fan  wheel  mounted  on  the  engine  crank- 
shaft, as  illustrated  in  Fig.  4. 

When  operating  on  the  dynamometer,  I  have  observed 
that  our  engine  uses  approximately  2  cu.  ft.  per  hp.  per 
sec.  of  cooling  air  at  the  lower  speeds  around  400  to  600 
r.p.m.  At  the  higher  speeds,  the  engine  uses  from  0.9 
to  1  cu.  ft.  per  hp.  per  sec.  of  air. 

Since,  for  many  practical  reasons,  the  fan  must  be 
located  on  the  crankshaft,  the  problem  at  once  presents 


TABLE  1 — COMPARISON  OF  COOLING-SYSTEM  WEIGHTS, 
SIX-CYLINDER  CARS 


Name  of  Part 


Fan 

Upper  Air-Hood ..." 

Lower  Air-Hood 

Front  Fan-Housing 

One-Half  of  Rear  Fan-Housing 

Cylinder-Block  and  Valves 

Cylinder-Head 

Radiator  Core  and  Shell 

Water-Pump 

Water  Hose  and  Pipes 

Fan  Support  and  Belt 

Thermostat 

Water  in  System 

Fan  Driving-Pulley 


Total  Weight . 


Cylinder  Size 

Bore,  in 

Stroke,  in 

Displacement,  cu.  in. 


Weight  in  Pounds  Divided  by 
Cubic  -  Inch  Capacity  of 
Cooling  System 


Our 
Car, 
Lb. 


14.47 
18.31 
10.66 
8.25 
6.56 
92.64 


150.89 


3M 
4 
199 


0.754 


Other  Cars,  Lb. 


Car  A 


3.2 


11S.0 

49  0 
7.5 
2.5 
2.0 

31.4  ' 

2.0(a) 


0.891 


CarB 


2  0 


99.0 
42.0 
54.0 
10.0 

1.0(rc) 

0.7(a) 

2.0 
37.6 

2.0(a) 


215.6 

250.3 

W% 

242 

5 
268 

0.933 


(■i)  Indicates  approximate  weights. 


itself  how  to  obtain  a  sufficient  pressure  of  air  at  ex- 
tremely low  engine  speeds  to  cool  the  engine  properly. 
Since  it  was  not  desirable  to  increase  the  diameter  of 
the  fan  on  account  of  general  bulk  and  road  clearance, 
we  finally  tipped  the  fan  blades  forward.  This  arrange- 
ment provided  an  air  pressure  equal  to  1.68  times  the 
peripheral  speed  of  the  fan.  In  other  words,  we  are 
able  to  increase  the  air  pressure  for  a  given  peripheral 
speed  to  the  extent  of  68  per  cent  over  that  which  would 
be  obtained  by  the  use  of  a  straight  blade.  Fig.  5  is 
a  side  view  of  the  engine  assembly.  Fans  with  different 
numbers  of  blades  were  tried  of  course. 

The  next  problem  was  to  flow  the  air  into  the  fan 
so  that  it  would  pass  through  in  an  efficient  manner. 
The  ordinary  sharp-edge  square-cornered  entrance  was 
found  to  be  impossible  because  the  air  did  not  fill  the 
full  width  of  the  blade.  Our  experiments  showed  one- 
third  of  the  blade  width  to  tie  inactive.  We  overcame 
this  by  using  a  scrolled-edge  entrance,  formed  with  as 
large  a  radius  as  was  practicable.  A  very  large  radius 
would  increase  the  entrance  losses.  A  very  small  radius 
would  increase  the  fan  losses. 


Pig.    4 — A  Single   Fax  Wheel   Mounted  on   the   Engine  Crank- 
.  shaft  Supplies  the  Cooling  Atr 

Experiments  were  next  conducted  with  various  scrolled 
shapes  in  an  endeavor  to  have  each  square  inch  of  blade 
area  do  an  equal  amount  of  work.  The  scroll  housing 
and  aluminum  ducts  were  next  developed  by  the  elimina- 
tion of  eddies.  The  distribution  of  the  cooling  air  so 
that  an  equal  volume  would  pass  by  every  cooling  fin 
on  each  cylinder  was  accomplished  through  the  use  of 
deflectors  in  conjunction  with  the  proper  shape  of  the 
duct.  It  once  required  14  separate  pieces  to  obtain  this 
distribution,  but  we  were  able  to  reduce  this  number  to 
three  pieces  of  very  special  shape  and  yet  obtain  a  uni- 
form distribution  of  the  cooling  air  with  a  minimum 
loss  of  pressure.  The  present  cooling  system  draws  the 
air  directly  through  the  lower  part  of  the  grille  at  the 
front  of  the  car,  and  passes  it  out  through  the  cylinder 
fins  into  the  automobile  hood.  At  this  point  the  heated 
cooling  air  is  diluted  by  a  large  volume  of  free  air  that 
is  allowed  to  enter  the  upper  part  of  the  car  hood  to 
dilute  the  hot  air  and  reducing  its  temperature  to  a  point 
slightly  above  that  of  the  surrounding  atmosphere,  after 
which  it  all  passes  out  underneath  the  car. 

It  must  be  evident  to  all  that  a  direct  air-cooling 
system  that  would  cool  properly  at  110  deg.  fahr.  in  the 
shade  must  over-cool  at  10  deg.  fahr.  below  zero.  With 
this  extreme  in  mind,  I  developed  a  thermostatic  control 
of  the  cooling  air.  This  control  was  operated  through 
the  use  of  a  bi-metallic  strip,  screwed  into  the  cylinder- 
head,  which  controlled  a  connection  between  the  suction- 
yoke  and  the  operating  bellows  for  the  dampers.  This 
system  gave  remarkably  close  regulation  on  a  car  to  the 
extent  that  the  cylinder-head  temperature  could  be  main- 
tained at  any  predetermined  point  within  the  range  of 
±  25  deg.  fahr.  This  system  also  was  arranged  so  that, 
in  case  the  orifice  became  plugged-up  or  a  pipe  became 
broken,  the  dampers  would  be  opened  by  the  force  of  a 
spring  and  would  remain  in  this  position  until  the  dif- 
ficulty could  be  overcome.     This  idea  was  of  great  as- 


Fig.   5 — Side  View  of  the  Engine  Assembly 
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ig  up  the  engine. 

.ible   improvement    in   gasoline 

ecor.t  ■  rj    efficient  and 

•  thaust-heated 
vapor  iw  of  the  auc- 

•    160  deg.  fahr.         5  deg.  throughout 
the  entin  I  the  engine. 

Comparison  of  COOLING  S  WEIGHTS 

A  considerable  amount   of  verbal   comment   has   been 
made,  bol  I  any  written  oompari 

regarding  the  relative  weights  of  the  cooling  systems 
of  air  versus  water.  It  is  difficult  to  get  a  truly  equitable 
basis.  In  this  ease  1  selected  two  prominent  six-cylinder 
.nd  have  included  the  complete  weight  of  their 
cylinder-block  and  valves  against  the  complete  weight  of 
our  cylinders  with  fins  and  valves,  as  shown  in  Table  1. 

-     ce  our  total   weights  as   well   as   the  weights   per 
cubic  inch  of  displacement  are  both  decidedly  less,  I  am 
convinced   that   the  direct   method   of  cooling  shov 
decided  advantage  in  this  respect. 

Details  of  Construct). 

Next   to  the  cooling  system.  I  feel  that  the  cylinder 
mportant  part  of  any  direct  air-cooled  en- 
gine; it  is  shown  in  Fig.  6.     The  cylinder  is  designed 
on  5-in.  centers,  has  a  S^-in.  bore  and  a  4-in.  stroke. 


Plan   View  OF  the  Ekqine   Assembly 


Each  cylinder  with  its  valve  and  springs  weighs  15.4  lb. 
The  cylinder  fins  are  52  in  number;  they  are  5  in.  long 
and  1%  in.  wide;  1  16  in.  of  this  width  is  cast  into  the 
cylinder  and  5  16  in.  of  it  is  turned  over  on  the  outer 
edge  so  that  each  fin  can  form  its  own  jacket.  This 
arrangement  allows  the  jacket  to  assume  the  role  of 
direct  radiation.  Each  cylinder  with  its  fins  and  ex- 
posed heat  area  has  a  radiating  surface  of  650  sq.  in. 
While  passing  through  the  development  stage,  we  built 
cylinders  of  aluminum,  of  bronze  and  of  various  com- 
binations of  metal.  The  cylinder  shown  in  Fig.  6  has 
proved  itself  to  be  preferable  in  every  respect  to  all  the 
others  that  we  have  tried.  When  using  a  cylinder  fin 
of  greater  length,  we  observed  an  increase  of  the  weight 
and  an  increase  of  the  air  resistance,  but  did  not  ob- 
serve a  proportionate  increase  in  the  cooling  ability  be- 
cause it  is  just  possible  that  the  air  reached  a  very  high 
temperature  before  it  had  traversed  the  complete  length 
of  the  fin.  We  tried  fins  of  one-half  the  present  thick- 
ness, which  would  be  0.026  in.,  but  found  them  to  be  im- 
practicable because  the  air  passages  were  so  small  that 
mud,  grasshoppers  and  bugs  closed  the  opening  and 
made  the  engine  overheat  exactly  in  the  same  way  as  it 
would  do  with  any  water-cooled  radiator. 

Foundry  Production  Practice 

As  to  foundry  production  methods,  a  steel  cylinder 
with  machined  grooves  along  its  length  is  first  loaded 
with  fins  that  are  held  in  place  by  an  ordinary  soft-iron 
wire.  This  is  placed  in  the  mold  and  sand  is  allowed  to 
fill-in  between  the  fins.  The  steel  cylinder  is  then  very 
carefullj  extracted,  exposing  1/16  in.  of  the  edge  on  all 
of  the  fins.  The  suction  and  the  exhaust  porta  and  ducts 
are  formed  in  cores  and  added  as  a  unit.  The 
is  poured  on-end  with  the  head  down.  No  heat-treatment 
is  used  in  the  process  of  the  construction  of  this  cylinder. 
When  completed,  the  combustion-chamber  has  been  ma- 
chined and  the  bore  ground  to  size;  there  is  a  wall  thick- 
ness of  '■'■  16  in.  under  the  steel  fins.  This  thickness 
is  very  necessary  to  give  assurance  that  no  hard  spots 
appear  along  the  bore.  Before  delivering  the  cooling 
fins  to  the  foundry  we  found  it  advisable  to  tin  them 
all  over,  which  then  assures  us  of  practically  a  100-per 
cent  union  between  the  tins  and  the  cylinder-walls.  The 
head  of  our  cylinder  is  ■'■ .  in.  thick.  We  have  tried 
K'-ad-:  decidedly  thinner  ai  2  in.  thick.    We  met. 

with   absolute  success  on   all   heads   thicker  than   %   in., 
but  found  that  the  extremely  thin  heads  did  not  pp 
a  sufficiently  uniform  temperature  around  the  exhaust- 
valve  seat. 

Those  who  have  endeavored  to  produce  a  quiet  over- 
head-valve mechanism  will  appreciate  our  problem  when 
I  say  that  the  expansion  of  our  cylinder  alone  amo 


Vol.  XIII 


August,  1923 


No.  _' 


AIR-COOLED  AUTOMOTIVE  ENGINES 


1 29 


to  0.019  in.  and  that  the  exhaust-valve  stem  adds  another 
0.007  in.,  making  a  total  of  0.026  in.  that  must  be  com- 
pensated for  to  maintain  a  uniform  rocker-arm  clearance 
at  the  valve-stem.  The  assembly  shown  in  Fig.  7  pro- 
vides for  a  normal  adjustment  of  0.010  in.  at  room  tem- 
perature and  a  maximum  variation  of  =t  0.002  in.  within 
the  range  of  cylinder  temperatures  from  zero  to  400 
deg.  fahr. 

We  mount  our  rocker-arm  housing  on  top  of  the  cylin- 
der just  beyond  the  valve-stem  on  one  side,  and  we  sup- 
port the  opposite  side  on  two  metal  tubes  that  are  con- 
centric with  the  push-rod.  This  forms  a  semi-flexible 
arrangement,  that  can  go-and-come  with  the  expansion 
of  the  parts,  yet  it  does  not  change  the  tappet  clearance. 
The  valve-springs  on  our  engine  "shimmy"  at  a  number 
of  different  speeds.  I  have  tried  four  different  sizes  of 
wire  and  two  different  diameters  of  spring,  also  one 
taper  spring,  but  cannot  seem  to  get  rid  of  this  peculiar 
action.     I  make  a  special  appeal  for  suggestions  as  to 


&""S«WA-A  SectiorB-B  SechonD-D 

Fig.  S — Elevation  and  Cross-Sections  of  the  Piston 

how  to  overcome  the  shimmy  or  period  points  best  in  a 
plain  valve-spring. 

Fig.  8  shows  section  views  of  the  piston.  We  have 
developed  three  distinct  types  of  piston  construction  suit- 
able for  production.  In  all  three  an  attempt  has  been 
made  to  isolate  the  ring-carrying  portion  from  the  skirt 
portion.  Two  of  the  types  are  sawed  through  and  one 
is  cast  exceedingly  thin  at  one  point.  The  two  that  are 
sawed  through  have  heavy  supporting  ribs  under  a  %-in. 
head;  the  third  has  an  exceedingly  thick  head-construc- 
tion. At  present,  I  feel  that  the  thick  head-construction 
is  less  apt  to  collect  carbon  on  the  top,  and  shows  itself 
to  be  almost  entirely  free  of  oil  burning  underneath. 
The  true  cylindrical  non-split  type  seems  to  run  with  the 
least  friction.  The  question  of  being  able  to  free  it 
permanently  from  sticking  or  scoring  on  the  one  hand, 
and  from  slaps  on  the  other,  can  be  solved  only  by  trial. 
At  present,  and  for  a  number  of  months  previous,  we 
have  had  remarkable  success  with  a  split-skii-t  type  in 
which  we  use  three  rings.  The  top  one  is  a  plain  con- 
centric snap-ring;  the  middle  ring  has  a  special  three- 
piece  construction;  and  the  bottom  ring  is  a  one-piece 
concentric  snap-ring  machined  with  a  sharp  edge  for 
wiping  oil.  Piston  and  ring  theories  are  numerous.  We 
want  the  rings  to  wear-in  quickly  and  to  maintain  a  per- 
fect bearing,  and  yet  not  to  wear-out  or  break-out.  Some 
types  are  far  superior  to  others,  but  I  feel  that  the 
technique  of  fabrication  is  of  more  importance  than  the 
design  alone. 

The  forged  duralumin  connecting-rods  shown  in  Fig.  9 
are  the  result  of  a  long  series  of  experiments  on  the 
shape  and  the  area  of  the  various  sections.  Our  steel 
connecting-rod  would  weigh  1  lb.  15  oz.  complete,  but 
our  duralumin  forged  connecting-rod  now  weighs   only 


Fig.  9 — View  Showing  the  Parts  Entering  into  the  Forged 
Duralumin  Connecting-Rod  and  the  Rod  Completely  Assembled 

1  lb.  4  oz.  complete.  The  piston-pin  floats  in  the  rod  and 
in  the  piston.  The  hole  in  the  rod  is  reamed  to  within 
0.0005  in.  of  the  finished-diameter  in  two  operations. 
The  hole  is  then  burnished  to  size  the  same  as  is  done 
in  the  piston.  This  produces  a  very  superior  finish  in 
the  hole,  that  seems  to  possess  remarkable  wearing  quali- 
ties. After  the  die-cast  bushings  are  locked  by  grooves 
into  the  big  end,  a  combined  swaging  and  burnishing 
operation  packs  the  babbitt  and  produces  an  intimate 
contact  with  the  rod  at  all  points.  The  cap  is  assembled 
with  babbitt-faced  shims,  after  which  a  fly  cutter  pro- 


Fig.  10 — Three  Views  of  ue  Cast  Aluminum  Crankcase 
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hardened  shaft,  working  against  soft   babbitts,  will  not 
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The  crankcase  shown  in  Fig.  10  is  cast  of  aluminum, 
is   unusually   deep  and   is  split  2%    in.   below  the  shaft 
r-line.      The    seven    bearing-caps    are    die-cast    and 
held  in  place  by  through  bolts  seated  against  pressed- 
plates   located  on  the   top  between  the  cylinders. 
The  seven  main  bearings  and  the  four  camshaft  bearings 
are  rigidly  supported  by  deep-ribbed  sections.     The  main 
are  fly  cut  and  reamed  to  size.     The  bell  hous- 
ing is  fly  cut  from  the  finished  bearings  to  provide  an 
ate  alignment  with  the  transmission. 
There  is  a  separate  duralumin  flange  between  the  cam 
-housing   and   the   generator,  on  the   hub   of   which 
the  chain  sprocket  rides.    This  permits  the  generator  to 
be  removed  without  disturbing  the  chain  drive;   it  also 
allows    a    quick    and    accurate    chain    adjustment.      The 
chain  tension  can  be  measured  through  a  hole  especially 
provided  for  this  pun 

Lubrication 
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that  would  probably  lodge  in  the  combustion-chamber 
.  carbon  deposit. 
Our  engine  has  a  seven-bearing  crankshaft  and  is 
supplied  with  oil  by  a  force-feed  distributors)  stem. 
The  oil-pump  is  driven  from  the  camshaft  and  is  located 
in  tile  base  of  the  oil-pan.  Oil  is  drawn  upward  through 
a  bronze  screen  that  has  an  area  of  approximately  50 
sq.  in.  From  the  pump  distributor-plate,  oil  leads  ex- 
tend to  all  of  the  seven  main  bearings  and  to  the  chain 

gear  bearing  on  the  generator  support.  Bach  connect- 
ing-rod receives  oil  under  pressure  from  its  adjacent 
main  bearing.  The  oil-pan  is  of  cast  aluminum  and  has 
corrugations  in  the  bottom  that  are  a  material  aid  in 
maintaining  the  oil  temperature  at  a  reasonable  figure 
of  160  deg.  fahr.  on  a  hot  summer  day.  The  one  out- 
standing feature  of  this  particular  oiling  system  is  the 
fact  that,  if  for  any  reason  one  of  the  connecting-rods 
or  one  of  the  main  bearings  should  bum  out,  the  volume 
of  oil  that  would  be  forced  to  the  remaining  bearings 
would  not  be  altered.  It  has  happened  in  our  experi- 
ments that  this  particular  feature  was  of  great  value  and 
allowed  the  car  to  run  all  day  with  the  knowledge  that 
there  was  no  chance  for  injuring  anything,  more  than 
the  particular  bearing  that  had  already  gone.  In  an 
interesting  experiment  with  baffle-plates  located  between 
the  cylinder  and  the  crankcase,  we  found  that  the  baffle- 
plates  increased  the  oil  consumption  at  high  speed  and 
decreased  it  at  low  speed.  We  observed  also  that  those 
baffles  that  had  the  smallest  openings  for  allowing  the 
connecting-rod  to  pass  through  showed  the  greatest 
effect. 

For  a  given  uniform  extremely  hot  oil-temperature 
of  approximately  205  deg.,  the  pressure  of  the  oil  at  both 
the  pump  and  in  the  lead  increases  as  the  first  power  of 
the  engine  speed.  At  a  uniform  engine  speed  of  1800 
r.p.m.,  the  volume  of  oil  forced  through  the  bearings 
di us  not  change  over  our  practical  or  wide  range  of  oil 
temperature  and.  at  the  same  uniform  engine  speed,  the 
oil  pressure  decreases  with  an  increase  of  the  oil  tem- 
perature. In  other  words,  our  pump  meters  out  a  definite 
quantity  of  oil  and  forces  this  quantity  to  the  bearing, 
regardless  of  the  pressure  required  or  the  temperature 
of  the  oil  pumped. 

The  automobile  builder  states  how  far  his  car  will 
run  on  a  gallon  of  oil;  he  says  that  if  the  oil-pan  holds 
from  5  to  8  qt.  the  oil  should  be  changed  each  500  miles. 
When  operating  our  car  over  100  miles  for  each  consecu- 
tive 3  hr.,  the  oil  consumption  is  400  miles  per  gal.;  when 
operating  ordinarily,  it  is  800  miles  per  gal. 

The  oil-pump  is  arranged  so  that  we  can  supply  any 
desired  quantity  of  oil  to  our  engine.  We  have  operated 
..iir  iars  successfully  at  the  rate  of  1200  miles  per  gal. 
but  wo  feel  that  this  is  very  inadvisable  and  have  estab- 
lished the  rates  just  given.  I  do  noi  understand  how  an 
owner  can  profit  by  reducing  his  oil  consumption  to  the 
minimum,  in  some  cases  practically  starving  the  engine. 
We  have  been  working  on  devices  for  the  elimination  of 
crankcase  dilution  for  the  past  2  years  anil  have  devel- 
oped a  unit  that  wo  believe  will  eliminate  all  crankcase 
dilution. 

Exhai  -i  -Heated  Vaporizkr 

While  working  for  an  improved  fuel-economy,  I  de- 
ped  an  automatic  vacuum-controlled  spark-advance. 
Our  ignition  is  now  controlled  by  a  mechanical  governor 
that  is  very  carefully  calibrated  for  all  conditions  of  full- 
throttle  work.  The  vacuum-actuated  bellows  worked 
against  a  calibrated  spring  to  increase  the  spark  advance 
in  tin-  proportion  of    1   divided  by  the  absolute  eompres- 
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sion-pressure  in  the  cylinder.  This  device  improved  the 
economy  from  5  to  18  per  cent.  Next,  I  developed  and 
installed  a  thermostatic  control  for  the  cooling  air.  The 
bi-metallic  strip  located  in  the  cylinder-head  allowed  a 
connection  with  the  suction  yoke  to  operate  a  sylphon 
bellows  connected  in  turn  to  dampers  in  the  air  duct. 
This  operated  very  satisfactorily ;  I  could  control  the 
cylinder-head  temperature  to  ±  25  deg.  fahr.  When 
set  for  from  400  to  450  deg.  fahr.,  the  economy  was  in- 
creased materially. 

My  next  development  was  an  exhaust-heated  vapor- 
izer, shown  in  Fig.  11,  in  which  a  return  trap  for  all  wall- 
flow  of  fuel  not  vaporized  on  the  first  trip  through  was 
incorporated.  The  vaporizer  performed  better  than  my 
expectation,  a  glass  tube  located  above  and  below  showed 
clearly  that  all  of  the  fuel  was  actually  converted  into 
a  vapor.     A  thermocouple  located  at  the  yoke  exit  and 


Fig.    11 — An    Exhaust-Heated    Vaporizer    in    Which    a    Return 

Trap  for  All  Wall-Flow  of  Fuel  Not  Vaporized  on  the  First 

Trip  Through   is   Incorporated 

suspended  in  the  middle  of  the  gas  stream  was  used  to 
determine  the  yoke  temperature  which  remained  at  160 
deg.  fahr.  ±  5  deg.  over  all  conditions  of  throttle  and  load 
at  all  speeds  except  those  of  less  than  20  m.p.h.,  at 
which  speed  the  yoke  temperature  was  approximately 
15  deg.  fahr.  cooler.  Continued  research  with  the  vapor- 
izer soon  convinced  me  that,  with  it  installed,  I  could  no 
longer  show  an  appreciable  saving  in  economy  either  with 
the  vacuum  spark-control  or  the  thermostatic  tempera- 
ture-control of  the  cylinder-head.  This  has  proved  out 
very  well  commercially,  because  we  were  able  to  install 
a  plain  casting  having  no  moving  parts  that  replaced 
two  mechanical  devices. 

Our  carbureter,  shown  in  Fig.  12,  is  very  simple.  It 
consists  of  a  plain  gasoline  nozzle  controlled  by  an  ad- 
justable needle  from  the  cowl.  This  nozzle  is  located  in 
the  primary  choke.  Extra  air  is  supplied  through  a  plain 
hinged  valve  for  auxiliary  air  that  has  an  adjustable 
spring.  The  float  mechanism  is  arranged  so  that  the 
weight  of  the  float,  by  a  lever,  lifts  the  gasoline  needle 
from  the  seat.  We  find  the  practical  operation  of  a  single 
large  easily  variable  fuel-orifice  offers  many  advantages; 
chief  among  them  is  our  ability  to  adjust   immediately 


Fig.  12- 


-Elevation  Paltly  in  Section  and 
Carbureter 


a  Cross-Section  of  the 


for  any  change  in  the  fuel  quality  and  to  be  able  to  free 
the  orifice  from  water  or  dirt  readily  when  occasion  de- 
mands. 

Special  efforts  have  been  made  in  the  design  of  the 
carbureter  to  facilitate  starting  in  cold  weather;  to  this 
end,  for  starting,  the  gasoline  is  vaporized  and  super- 
heated electrically.  This  feature  can  be  best  explained 
by  referring  to  the  cut-away  view  in  Fig.  13. 

A  miniature  valveless  carbureter  has  been  constructed 
adjacent  to  the  main  instrument  and  draws  its  fuel  from 
the  common  chamber.  All  the  gasoline  and  the  priming 
air  pass  over  an  electrically  heated  coil  and  are  con- 
verted into  a  fixed  gray  vapor.  This  joins  with  the 
auxiliary  air  and  passes  up  through  a  solenoid-controlled 
valve  into  the  suction  yoke  just  above  the  throttle  disc 
that  is  always  closed  during  this  period. 

To  start  in  cold  weather,  the  method  is  to  close  the 
throttle  tight,  open  the  gasoline  needle-valve  one  entire 


Fig.  13 — A  View  of  the  Carbureter  Partially  Cut-Awat  to  Show 
the   Flectric  Heating  Arrangement  Provided   for    Use   in   Cold 

Weather 
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A   tompari-on   of  the   starting  conditions   is   made   in 
Tab!  a  direct  saving  for  our  starting  sy- 

of  32,800  amp.-sec.  out  of  40,000;  or  a  saving  of 
; '.000  =  82  per  cent  of  battery  energy.  After 
the  engine  has  fired  for  1  min.  at  20  deg.  fahr.  below 
zero,  the  aluminum  exhaust-vaporizer  has  become  suf- 
ficiently heated  to  run  the  engine  directly  from  the  main 
carbureter.  Our  machine  is  a  dependable  all-year  car 
because  it  will  start  and  run,  even  at  20  deg.  fahr.  below 
zero,  with  the  expenditure  of  less  than  one-fifth  of  the 
battery'  energy  usually  required.  The  engine  gets  a 
rich  mixture  from  the  vaporizer  and  fires  slowly  at  first. 
The  throttle-valve  is  then  opened  slightly  until  the  engine 
has  picked-up  somewhat.  As  soon  a-  possible,  the  v 
line  needle-valve  opening  is  decreased  to  the  running 
position  of  five-eighths  of  one  turn.  During  warm 
and  in  mild  climates,  it  is  not  necessary  to  use 
■ 
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all  dirt  particles  by  centrifugal  force  into  tin.-  excess 
air,  the  dirt  is  carried  away  in  this  excess  air,  out  through 
the  bottom  of  the  housing,  and  discharged  to  the  atmos- 
phere. \  .  1  secured  tine  dust-particles  from  a 
dust  separator;  these  particles  had  all  been  air-floated 
previous  to  their  separation.  1  fed  a  definite  quantity 
very  slowly  into  the  separator,  which  was  operated  at 
low  speed  with  1  in.  of  water  suction.  Careful  weigh- 
ing, in  two  tests,  convinced  me  that  this  separator  actu- 
ally would  clean  from  96  to  97  per  cent  of  the  extremely 
tine  dust  particles  from  the  airstream.  This  separator 
has  greatly  increased  the  life  of  the  bearings  and  de- 
creased the  amount  o\'  carbon  deposit  in  the  combustion- 
chamber.  The  rotor  runs  fast  enough  to  enable  it  to 
separate   the   dust    at    all   car   speeds    above   3   m.p.h. 

Operation 

Our  engine  cylinder  will  not  give  satisfactory  opera- 
tion when  the  compression  pressure  exceeds  80  lb.  per 
sq.  in.  gage,  but  they  are  working  with  absolute  satis- 
faction at  a  speed  of  from  400  to  2500  r.p.m.  and  a  com- 
pression pressure  of  75  lb.  per  sq.  in.,  measured  with  an 
accurate  indicator.  This  refers  to  the  use  of  low  quality 
plain  18-cent  gasoline. 

I  recently  drove  a  car  that  showed  rough  engine  oper- 
ation and  was  informed  that,  whenever  a  compression 
pressure  of  92  lb.  per  sq.  in.,  or  a  brake  mean-effective 
pressure  of  97  lb.  per  sip  in.  was  used,  this  roughness 
could  not  be  avoided.  I  have  used  our  engine  witli  a 
5  to  1  ratio  and  found  it  snappy,  and  I  have  also  used 
a  4  to  1  ratio  with  equal  sua))  and  obtained  a  decidedly 
smoother  flow  of  power.  With  our  cylinder,  the  amount 
of  horsepower  does  not  increase  with  the  compression 
ratio  above  Al2  to  1.  The  volumetric  efficiency  decreases 
rapidly  with  an  increase  of  the  cylinder-head  tempera- 
ture resulting  from  a  high  compression-ratio.  The  lower 
compression-ratios  can  be  made  to  give  a  higher  vol- 
umetric efficiency,  and  therefore  greater  power  from  the 
same  cylinder.  The  preignition  point  is  the  sum  of  the 
yoke  temperature  plus  that  of  compression. 

Our  air-cooled  cylinder  will  run  satisfactorily  up  to  a 
630-deg.  fahr.  cylinder-head  temperature,  provided  the 
sum  of  the  yoke  and  the  compression  temperatures  does 
not  exceed  that  of  the  preignition  point.  The  higher 
head-temperature  will  cool  the  engine  at  a  greater  horse- 
power on  account  of  the  increased  temperature-difference 
between  the  cylinder  and  the  cooling  air. 

Our  present  Series-10  powerplant  has  a  compression 
ratio  of  1.22  to  1,  a  compression  pressure  of  72  lb.  per 
sq.  in.  at  400  r.p.m.  and  develops  24  hp.  at  1800  r.p.m. 
with  a  cylinder-head  temperature  of  390  deg.  fahr.  when 
the  cooling  air  enters  at  85  deg.  fahr.  To  obtain  more 
epower,  we  would  reduce  the  compression  ratio  and 
accomplish  this  result   with  the  same  bore  and  stroke. 

The  suction-yoke  temperature  on  our  Series-10  engine 
is  now  located  at  L60  deg.  fahr.  rt  5  deg.  fahr.  at  which 
point  we  introduce  a  perfectly  dry  gas  into  the  yoke. 
Should  the  yoke  temperature  rise  to  180  deg.  fahr.  when 
the  atm<  temperature   is   110  deg.   fahr.   in  the 

.".  the  engine  would  "ping";  should  it  drop  to  110 
deg.  fahr.,  the  smooth  even  How  of  power  would  diminish 
in  quantity  and  the  economy  would  Buffer. 

The  term,  "compression  ratio"  is  used  frequently,  and 
I  often  wonder  if  the  public  comprehends  how  mislead- 
ing it  is  when  discussed  in  connection  with  compressions 
or  in  connection  with  the  number  of  mile-  per  gallon. 
As  an  illustration,  on  wide-open  throttle,  I  have  measured 
an  actual  compression-pressure  of  only  60  lb.  per  sq.  in. 
with  a  5  to  1  ratio  and  have  also  measured  a  pressure 
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of  77  lb.  per  sq.  in.  with  a  4  to  1  ratio.  Both  readings 
are  true  and  consistent  but,  in  themselves,  they  mean 
nothing  unless  something  is  known  of  the  valve-timing, 
the  yoke  temperature  and  the  manifold  depression,  as 
well  as  something  of  the  port  passages.  To  my  mind, 
nothing  could  be  more  absurd  than  to  use  compression 
ratio  as  a  basis  for  statements  about  miles  per  gallon 
on  an  automobile. 

Our  average  touring  car  alone  weighs  2450  lb.  and  an 
average  five-passenger  load  weighs  750  lb. ;  therefore, 
the  total  running  weight  is  3200  lb.  At  a  car  speed  of 
20  m.p.h.  at  full  throttle,  the  engine  develops  a  brake 
mean-effective  pressure  of  75  lb.  per  sq.  in.  when  using 
a  mixture-ratio  of  17  to  1,  at  a  fuel-consumption  rate 
of  0.607  lb.  per  hp-hr.  At  the  same  car  speed,  with 
just  enough  throttle  to  maintain  this  speed  on  a  level 
road,  the  engine  develops  a  brake  mean-effective  pres- 
sure of  16  lb.  per  sq.  in.  which,  with  a  mixture-ratio  of 
13.65  to  1,  is  a  fuel-consumption  rate  of  1.03  lb.  per 
hp-hr.  Under  these  conditions,  the  car  traveled  34.2 
miles  per  gal. 

At  full  throttle,  the  pumping  loss  was  based  on  a  yoke 
suction  of  1.05  in.  of  mercury.  Under  the  condition  of 
level-road  operation,  the  pumping  losses  were  increased 
in  proportion  to  a  yoke  suction  of  17.1  in.  of  mercury. 
The  rolling  friction  of  the  engine  does  not  change  appre- 
ciably with  load  and,  at  20  m.p.h.,  has  a  value  of  8.5  lb. 
in  terms  of  brake  mean-effective  pressure.  The  value 
of  the  increased  pumping  loss  is  V2  (17.1  —  1.05)  =  8  lb. 
per  sq.  in. 

A  brief  analysis  of  the  dissipated  energy  in  the  two 
cases  stated  at  full  load  and  at  part  load,  is  given  in 
Table  3. 


TABLE  3 — ANALYSIS   OF  ENERGY  DISSIPATED 

Full  Load  Part  Load 
Brake  mean  effective   pressure,   lb. 

per  sq.  in 75.0  16.0 

Friction,  lb.  per  sq.  in 8.5  8.5 

Pumping  loss,  lb.  per  sq.  in 8.0 

Total,  lb.  per  sq.  in 83.5  32.5 

Proportion  of  mean  effective  press- 
ure generated  that  was  utilized, 

per   cent 90  49 

Actual  rate  of  power  generation,  lb. 

per  hp.  per  hr 0.546  0.505 

Our  company  has  endeavored  to  eliminate  this  waste 
by  producing  a  car  having  a  powerplant  that  will  deliver 

24  hp.  at  40  m.p.h.,  when  it  knows  that  only  12.37  hp. 
is  required  to  operate  a  two  to  five-passenger  load  on  a 
level  road.  The  car  will  travel  50  m.p.h.  on  the  level. 
Were  we  to  install  a  45  to  80-hp.  engine  and  build  this 
car  to  endure,  we  would  at  once  sacrifice  its  characteris- 
tics of  light  unsprung  weight,  remarkable  fuel-economy, 
superior  riding  qualities  and  low  maintenance  cost.  Our 
average  stock  car  will  accelerate  with  a  full  five-passenger 
load  from  5  to  15  m.p.h.  in  less  than  5  sec;  from  5  to 

25  m.p.h.  in  less  than  10  sec. ;  and  from  5  to  35  m.p.h.  in 
less  than  15  sec.  It  can  be  throttled  down  to  3  m.p.h.  in 
high  gear,  and  it  will  run  at  a  speed  of  50  m.p.h.  on  a 
level  road. 

THE  DISCUSSION 

C.  L.  Lawrance: — As  an  aircraft-engine  designer,  the 
part  of  the  paper  that  interests  me  most  is  the  part  deal- 
ing with  engine  performance.  It  is  stated  that  the 
amount  of  horsepower  does  not  increase  with  the  com- 
pression ratio  above  a  ratio  of  4%  to  1,  and  that  an 

8  See  The  Journ-ai.,  April,  1922,  p.  231. 


actual  compression-ratio  of  4.22  to  1  is  used,  which  cor- 
responds with  good  motor-car  practice  and,  for  many 
reasons,  it  probably  is  undesirable  to  use  a  higher  com- 
pression than  this.  However,  the  fact  that  the  amount 
of  horsepower  does  not  increase  for  compression  ratios 
above  4%  to  1  indicates  that  the  cooling  system  is  only 
just  ample  for  the  use  for  which  the  engine  is  intended; 
either  the  air  is  not  sufficient  in  quantity  or  does  not  come 
into  contact  equally  with  all  parts  of  the  head,  or  perhaps 
the  cooling  area  of  the  head  is  not  sufficient.  At  any 
rate  it  is  well  known,  especially  in  aircraft  work,  that 
it  is  possible  to  use  successfully  compression-ratios  much 
higher  than  this. 

The  most  interesting  case  of  this  is  a  recent  experi- 
ment made  by  S.  D.  Heron  at  McCook  Field  while  testing 
a  cylinder  of  41/o-in.  bore  and  SV^-in.  stroke,  having  a 
cast-iron  head  and  a  combustion-chamber  threaded  on  to 
a  steel  barrel.  With  a  compression-ratio  of  5.3  to  1, 
a  brake  mean-effective  pressure  of  130  lb.  per  sq.  in.  was 
consistently  obtained,  although  the  head  temperature  at 
certain  points  reached  as  high  a  value  as  900  deg.  fahr. 
It  is  fair  to  say  that  the  head  of  this  cylinder  was  con- 
siderably thicker  than  is  the  usual  practice  with  cast 
iron,  having  been  cast  from  a  pattern  that  was  intended 
for  making  aluminum  cylinder-heads. 

Our  experience  with  various  compressions  leads  us  to 
believe  that,  all  other  things  being  equal,  high  compres- 
sion with  proper  cooling  will  always  give  a  better  fuel- 
economy  than  a  lower  compression.  Therefore,  I  believe 
that  Mr.  Grimes'  illustration  in  which  he  compares  two 
engines,  one  with  a  5-to-l  compression  ratio  that  shows 
only  60  lb.  per  sq.  in.  compression  at  open  throttle,  and 
another  engine  having  a  4-to-l  ratio  with  77-lb.  per  sq. 
in.  compression,  does  not  represent  a  fair  comparison 
unless  both  engines  are  identical  in  every  other  respect. 

I  have  just  returned  from  Europe,  and  there  is  prac- 
tically nothing  to  report  with  regard  to  air-cooled  motor- 
car engines  as  no  air-cooled  European  motor-car  of  the 
price  and  quality  of  the  car  Mr.  Grimes  represents  is 
being  built  on  the  other  side.  However,  I  saw  a  large 
quantity  of  small  cycle-cars  being  produced  with  the  BSA 
engine  that  S.  D.  Heron  described  in  his  paper  on  Some 
Aspects  of  Air-Cooled  Cylinder  Design  and  Development.1 

In  England,  a  considerable  amount  of  aircraft  air- 
cooled  engine  development  is  in  progress.  The  British 
Air  Service  is  using  a  number  of  ABC  Cosmos  and  Arm- 
strong Siddeley  air-cooled  engines.  The  feeling  there  is 
that  water-cooled  aircraft-engines  have  seen  their  day, 
at  least  for  most  types  of  military  aircraft.  However, 
this  was  not  true  in  France  where,  so  far  as  I  know, 
no  air-cooled  engines  were  in  use.  I  saw  an  experi- 
mental one-cylinder  air-cooled  engine  on  test  at  the  Royal 
Aircraft  Establishment  at  Farnborough,  that  used  the 
direct  injection  of  the  gasoline  fuel.  I  was  told  that  it 
showed  a  mean-effective  pressure  of  170  lb.  per  sq.  in. 
This  seems  to  indicate  that  the  development  of  the  four- 
cycle internal-combustion  engine  has  by  no  means  reached 
its  limit. 

C.  P.  Grimes: — I  have  long  known  of  your  remarka- 
ble pioneer  work  in  air-cooled  engine  construction.  I 
know  that  you  have  been  able  to 

(1)  Build  a  lighter  eng'ne  per  horsepower 

(2)  Develop   a   greater   horsepower   per  cubic   inch   of 

displacement 

(3)  Use  less  fuel  per  brake-horsepower  hour 

when  using  a  compression  ratio  of  5  to  1  as  against 
4  to  1  with  an  aluminum  air  cooled  cylinder. 

We  are  not  assured  that  our  cars  will  be  supplied  with 
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\\  e   all    know   that   poppet-valves   are   very    noisy 

in  air-cooled  engines  due  to  the  large  clearances.  With 
this  forced  air-cooling  system  as  used  by  the  Franklin 
Company  can  a  Knight  sleeve-typo  engine  be  cooled '.' 

I  believe  that  we  are  just  on  the  verge  of  great  develop- 
ments in  air-cooled  automobile  engines.  So  far,  -Mr. 
Grimes'  company  has  tackled  the  problem  in  the  most 
consistent  way;  it  has  built  an  air-cooled  engine  and  then 
built  an  automobile  around  it.  So  many  people  have  done 
the  opposite.    I  believe  that  is  a  very  fundamental  point. 

What  has  been  the  experience  regarding  the  lite  of 
the  cylinders  in  connection  with  the  use  of  aluminum  pis- 
tons? So  many  of  us  have  had  the  experience  that  alumi- 
num pistons  lap  the  cylinders.  With  an  air-cleaner,  it 
B  to  me  that  trouble  will  be  solved.  Has  any  differ- 
ence been  noticed  in  the  life  of  the  cylinders  and  the 
pistons,  in  connection  with  the  use  of  an  air-cleaning 
device? 

MB.  GRIMES: — We  have  observed  that  the  thicker  metal 
gave  a  better  distribution  of  heat  and  in  that  way  might 
aid  its  dissipation.  However,  in  general  we  use  the  thin- 
nest possible  metal  thickness  because  we  find  that  the 
heat  travels  through  faster. 

Considerable  work  has  been  done  by  others  with  a 
Knight  sleeve-type  engine.  Whereas,  I  do  not  believe 
that  a  double  sleeve-valve  engine  can  be  developed  with 
the  same  high  efficiency  as  a  poppet-valve  engine,  I  do 
know  that  the  Knight  sleeve-valve  engine  can  be  adapted 
to  air  cooling  if  an  aluminum  cylinder-head  is  used. 
As  a  result  of  various  tests  with  iron  and  aluminum 
cylinder-heads,  I  was  given  to  understand  that  the  en- 
gine would  not  be  a  success  were  it  not  for  the  use  of 
the  aluminum  head  that  has  capacity  for  taking  away 
a  large  quantity  of  heat. 

The  Franklin  cars  have  carried  dust  separators  for  the 
ears.  I  feel  that  the  separator  on  the  Series  10 
is  far  more  efficient  than  any  that  we  have  used  before. 
Piston  life  is  very  greatly  affected  by  the  care  used  in 
maintaining  proper  lubrication  for  the  engine.  We  ex- 
pect all  of  our  pistons  to  last  15.000  miles  and  find  a 
large  percentage  of  them  running  30,000  miles  before  it 
is  advisable  to  remove  them. 

The  difference  in  cleaner  efficiency  has  not  been  suf- 
ficient to  warrant  my  giving  a  definite  statement  of  in- 
creased life. 

H.  M.  CEANE: — It  was  brought  out  very  clearly  in  this 
paper  that  an  automobile  today  does  not  depend  upon  a 
particular  method  of  cooling.  Whether  consciously  or 
unconsciously,  .Mr.  (Jrimes  took  fully  half  of  his  time  in 
bringing  out  the  excellent  constructional  features  of  the 
car,  all  of  which,  collectively  and  individually,  havi 
bearing  whatever  on  the  method  of  cooling  the  cylinders. 
He   i  right.     The  public   is  interested   in   be- 

ing moved  from  place  to  place,  and   it  will  not  Inquire 
losely  into  how  it  is  done,  as  long  as  it  is  done 
ill.,  a"  a  moderate  cost  and  without  too  much  trou- 
lart. 

I  would  like  to  repeat  what  I  said  at  Dayton  when 
S.  I>.  Heron's  excellent  paper  on  some  Aspects  of  Air- 
Cooled  Cylinder  Design  and  Development*  was  read. 
II.  paper,  as  well  as  this  paper,  are  a  challenge  to  the 
designer  of  water-cooled  automobile-engines  or  v. 
cooled  aircraft-engines.  The  water-cooled-engine  de- 
signer has  not  been  forced,  until  recently,  to  go  into  the 
facts  surrounding  his  method  of  cooling.  He  has  bu 
cylinder  of  a  convenient  mechanical  shape,  placed  his 
valves  where  he  wanted  to  place  them  and  operated  his 
piston  in  the  way  that  he  wished  to  operate  it;  then  he 
has  put  a  jacket  on,  poured  some  water  in  and  said  that 
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ii  was  properly  cooled.  The  water  might  disagree  with 
him.  Frequently,  the  water  does  not  go  where  the  de- 
signer intends  it  to  go.  Few  designers,  until  recently, 
have  made  any  great  effort  to  find  out  just  what  the 
water  does  in  the  jackets. 

We  had  an  analogous  case  on  the  Liberty  engine,  when 
we  investigated  it,  with  reference  to  the  lubricating  sys- 
tem. Some  people  concerned  in  the  construction  of  the 
engine  thought  it  was  a  good  point  that  the  engine  did 
not  require  any  oil  radiator;  in  other  words,  that  the 
lubricating  oil  that  passed  through  the  crankshaft  did 
not  get  hot.  The  failures  in  those  days  were  due  to  the 
fact  that  the  crankshaft  oil  did  not  get  hot;  in  other 
words  it  was  not  doing  its  part  in  cooling  the  crankshaft 
bearings.  That  was  overcome  by  installing  an  oil  pres- 
sure-lubricating system  with  a  more  active  circulation. 
The  same  condition  may  be  found  in  the  cooling  water 
of  water-cooled  cylinders.  When  corrected  a  larger  radia- 
tor may  be  required,  but  the  engine  will  run  very  much 
better. 

Of  the  two  types  of  engine,  we  may  finally  come  to 
a  division  in  point  of  size.  The  large  air-cooled  cylin- 
ders, while  they  have  proved  successful  on  test-blocks, 
have  not  given  great  success  in  practice  so  far.  In  air- 
craft engines,  part  of  this  is  due  to  the  head-resistance 
and  to  the  great  difficulty  of  controlling  the  valve-gear 
with  reasonable  weight  and  reasonable  head-resistance. 
The  expansion  difficulty  has  been  described  and  the  in- 
genious method  that  Mr.  Grimes'  company  uses  for  sur- 
mounting it. 

Another  feature  of  the  air-cooled  engine  is  that,  in 
certain  ways,  it  is  far  less  accessible  than  the  water- 
cooled  engine.  In  its  successful  operation,  it  is  prac- 
tically limited  to  the  valve-in-head  type,  with  the  valves 
integral  and  without  detachable  heads;  in  other  words, 
any  work  to  be  done  on  a  valve  requires  the  lifting  of 
a  cylinder.  The  lifting  of  cylinders,  in  the  hands  of  the 
casual  owner,  is  a  job  not  to  be  encouraged.  The  most 
difficult  engine  problem  we  have  is  to  maintain  the  piston 
and  ring  seal  in  good  condition;  but  the  average  owner, 
in  lifting  and  replacing  cylinders,  is  apt  to  make  more 
trouble  at  this  point  than  he  will  cure  in  the  valves. 

I  have  recently  built  an  engine  having  an  overhead 
camshaft,  with  an  integral  head  carrying  over  the  six 
cylinders  but  with  the  head  detachable  and  the  valves 
all  in  the  head.  We  had  it  on  the  road  only  about  2 
months  before  things  occurred  that  made  us  want  to  look 
into  the  cylinders.  We  were  not  obliged  to  do  this.  The 
engine  would  operate  and  we  could  get  over  the  ground 
with  it,  but  there  were  certain  things  that  we  wanted 
to  see.  It  took  considerable  determination  to  take  the 
head  off.  I  think  that  it  ought  not  to  be  necessary  to 
make  access  to  the  valves  and  the  combustion  chamber 
a  difficult  and  tedious  job  or  one  requiring  the  disturb- 
ing of  parts  having  no  bearing  on  the  work  in  question. 

The  tightness  of  an  engine  has  much  to  do  with  its 
successful  operation  and  even  more  with  its  economical 
operation.  To  encourage  the  operation  of  engines  with 
leaky  valves  or  leaky  pipe  connections,  which  I  think 
might  easily  be  the  result  of  the  slip-joints  mentioned 
in  the  inlet-pipe  design  is  not  to  the  best  interest  of 
the  automobile-using  public.  That  is  especially  true  in 
the  larger  engines.  In  the  smaller  ones,  I  think  that 
we  may  find  the  field  for  air-cooling  is  widening  all  the 
time.  It  undoubtedly  is  widening  and,  if  not,  that  will 
not  be  for  the  lack  of  the  highest  grade  of  research  work, 
some  results  of  which  have  been  given  in  Mr.  Grimes' 
paper. 

Mr.  Grimes  : — I  appreciate  the  remarks  of  Mr.  Crane 


and  will  say  that  we  feel  our  engine  is  far  more  accessible 
than  the  ordinary  engine  because  we  can  remove  any 
cylinder  that  we  wish  after  the  removal  of  nine  nuts, 
each  one  of  which  is  extremely  accessible.  I  regret  that 
Mr.  Crane  has  not  had  an  opportunity  of  becoming  more 
familiar  with  our  latest  model  engine,  which  is  very 
accessible. 

N.  A.  Hollister: — The  object  of  using  the  curved  inlet 
to  the  fan  wheel  is  not  only  to  increase  the  capacity  but  it 
is  also  to  increase  the  efficiency.  Where  only  a  small 
space  is  allowed  the  whole  blade  must  be  used  effectively 
or  the  fan  will  not  handle  enough  air.  On  the  larger  jobs 
such  as  those  for  big  power  companies  where  the  power 
is  a  factor  we  increase  the  efficiency  greatly  by  stream- 
lining the  inlet,  such  as  has  been  done  in  connection  with 
airplanes. 

There  was  another  way  of  increasing  the  efficiency  of 
the  Franklin  car  fan.  We  used  to  make  a  fan  called  a 
cone  fan  that  was  designed  for  discharging  into  space 
without  a  housing  around  it.  We  do  not,  however,  get 
the  efficiency  with  a  cone  fan  or  Sirocco  fan  discharging 
into  space  without  a  housing,  that  we  do  with  a  housed 
wheel  such  as  used  on  the  new  Franklin  model.  The  air 
will  not  be  delivered  as  efficiently  from  an  open  wheel  as 
it  will  if  the  wheel  has  a  housing  with  the  right  scroll 
and  the  wheel  is  in  the  housing  in  the  right  position. 
These  two  points,  the  proper  inlet  and  the  proper  housing 
design,  are  very  important  in  fan  design.  I  strongly  sug- 
gest that  the  designer  of  an  air  cooled  engine  confer  with 
the  fan  man,  and  as  one  speaker  has  mentioned  design  the 
engine  with  its  cooling  system  and  then  build  the  car 
around  it. 

The  importance  of  air  cooling  can  be  gaged  by  the  many 
inquiries  we  have  received,  and  we  are  working  now  on 
air-cooling  problems  for  many  companies.  This  air-cool- 
ing of  engines,  not  only  for  automobiles  but  for  other 
industrial  usage,  has  aroused  interest  and  I  predict  that 
it  will  not  be  many  years  before  many  trucks  will  be  air 
cooled. 

As  to  price,  one  company  has  a  fan  that  is  driven  by  a 
belt,  which  means  another  bearing  and  another  piece  of 
shafting.  We  can  give  them  a  wheel  for  less  than  the 
belts  cost  them,  of  course  eliminating  the  extra  bearing 
and,  at  the  same  time,  handle  more  air  with  much  less 
power  than  they  use  now.  The  elimination  of  freezing 
and  other  advantages  appear  on  the  face  of  it,  and  the 
fan  men  believe  that  the  air  cooling  of  engines  is  coming 
along  rapidly. 

Mr.  Grimes: — The  curved  inlet  on  our  fan  enabled  me 
to  use  a  much  shorter  length  of  blade  and  thereby  in- 
creased my  overall  efficiency. 

R.  B.  Whittingham  : — Was  there  any  intention  or  ex- 
pectation of  deriving  any  flywheel  effect  in  changing  the 
position  of  the  Sirocco  fan  from  the  rear  to  the  front  of 
the  engine?    Was  that  taken  into  consideration? 

Mr.  Grimes  :— The  flywheel  effect  is  there,  but  the  fan 
is  most  important.  I  am  not  willing  to  concede  that  the 
flywheel  at  the  front  end  of  the  shaft  is  desirable  in  it- 
self. We  have  it  and  our  engine  runs  without  producing 
a  vibration  period,  but  I  credit  that  more  to  a  2-in.  bear- 
ing on  the  crankshaft  than  I  do  to  the  flywheel  on  the 
shaft.  I  know  of  some  shafts  that  had  a  number  of  vibra- 
tion periods  and  they  did  place  a  flywheel  at  the  front 
end  of  the  shaft.  It  eliminated  all  the  periods  at  lower 
speeds,  but  it  had  to  be  abandoned  at  the  higher  speeds. 
The  fan  on  the  front  of  our  shaft  is  not  there  for  the 
purpose  of  producing  a  flywheel  effect,  even  though  it  is 
a  flywheel. 

C.  T.  Myers:— What  is  the  reason  for  using  a  0.01-in. 
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•  !r.  Grin.  I    that   tin-   flywheel   is 

put  into  rankshaft  is  fust  put 

into  static  balance  and  then  into  dynamic  balance  with 

the  flywheel  attached;  and  that  the  fan  was  simply  put 

What  about  the  clutch? 

Mr.   Grimed: — We   use  0.010-in.  tappet  clearance   for 

-t,  our  camshaft  is  designed  to  use  this 

clearance  quietly.     We  find  that  a  little  leeway  is  apt  to 

allow  the  operator  to  run   longer   before  adjusting    it. 

Whereas,  1  am  not  personally  familiar  with  the  car  Mr. 

en  driving,  we  do  know  that  in  some  I 

d  work  under  the  hood  has  become  bent  and 

displaced  for  various  reasons  in  such  a  way  as  to  allow  the 

circulating  air  to  leak  around  the  cylinder  rather  than  to 

pass  down  through  the  fins  and  cool  them.    At  the  time 

of  final  dynamic  balancing  of  the  crankshaft,  the  flywheel 

and  the  clutch  assembly  are  all  checked  when  assembled 

into  a  single  unit. 

Prof.  Edward  D.  ThUKSTON : — I  understood  Mr. 
Grimes  to  say  that  the  quantity  of  air  used  is  about  1  cu. 
ft.  per  sec.  per  hp.  Is  that  independent  of  the  engine 
speed?  For  example,  the  engine  may  be  developing  a 
maximum  horsepower  at  rather  a  low  speed,  at  which 
time  the  fan  is  delivering  a  rather  small  amount  of  air. 
Later,  the  engine  may  be  delivering  less  horsepower,  but 
at  a  very  much  higher  speed;  so,  the  amount  of  air  per 
second  per  h  be  a  function  of  the  speed. 

Ml  -: — The  volume  of  cooling  air  passed  over 

our  engine  varies  directly  as  the  speed  and  is  dependent 
upon  the  speed  alone. 

J.  W.  I^ord: — Can  you  give  us  a  comparison  of  the  tem- 
pera- -e  newer  engine  with  the  older  engi 

Ml  : — I  hav-  miliar  dynamom- 
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tun-  ■"        .-.    fahr.   as    against    a    pot 
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tures it  will  be  either  over-cooled  in  extremely  cold 
weather  or  under-cooled  in  extremely  hot  weather,  which 
latter  condition  is  likely  to  cause  trouble  from  detona- 
tion or  preignition. 

1:  does  not  appear  that  the  cylinder-head  has  much  p 
tl  for  cooling  and  that   most   of  the  cooling  is  carried 
along   the    side    walls   of    the    cylinder.      How    does    Mr. 
Grimes  control  the  temperature  o(  the  cylinder  head? 

Mr.  Grimes: — I  have  definitely  determined  by  exhaus 
-  that  the  temperature  of  the  cylinder-head  lias 
nothing  to  do  with  the  miles  per  gallon  providing,  of 
course,  that  the  suction  yoke-gases  are  delivered  in  a 
thoroughly  heated  and  completely  vaporized  state  as  is 
now  the  case  with  our  present  construction. 

I  would  call  your  attention  to  the  fact  that  since  the 
car  takes  but  8.2  hp.  at  20  m.p.h.  in  the  summer  on  a  level 
road  that  it  would  not  be  difficult  at  all  to  consume  far 
more  horsepower  than  this  in  churning  over  the  very 
heavy  oils  and  grease  that  are  sometimes  left  in  the  rear 
axle  ami  transmission  during  very  cold  weather.  Thick 
oil  in  the  crankcase  will  not  give  proper  lubrication  to  tli£ 
cylinder  walls.  Our  present  cylinder  design  gives  very 
satisfactory  cooling  indeed,  even  though  the  majority  of 
the  heat  must  be  carried  over  to  the  fins  and  radiated 
from  them. 

The  cylinder-head  temperature  is  controlled  by  the 
gasoline  mixture  strength,  by  the  compression  pressure 
and  by  the  volume  of  air  passing  to  the  cylinder-head. 
Our  present  design  seems  to  have  cared  for  detonation 
very  nicely  by  eliminating  it. 

Harold  L.  Pope: — In  aircraft  work,  it  is  necessary  to 
get  a  very  high  mean  effective  pressure  if  it  is  expected  to 
keep  the  weight  per  horsepower  down  to  the  minimum. 
I  cannot  see  how  the  method  used  in  the  car  under  discus- 
sion would  apply  in  aircraft  work. 

Mr.  Grimes: — I  will  refer  Mr.  Pope  to  my  reply  to  Mr. 
Lawrance  and  feel  sure  he  will  appreciate  what  I  have 
said. 

A  number  of  questions  have  been  asked  regarding  the 
cooling  ability  of  our  car,  the  amount  of  airflow  and  tin 
like.  I  will  simply  say  that  our  Series-10  car,  with  the 
five-passenger  load  and  luggage,  was  driven  from  New 
York  City  to  Oregon,  then  to  Southern  California, 
through  Death  Valley,  through  the  Great  American  Des- 
and  up  Pikes  Peak.  It  went  far  north  into  very  cold 
country  and  it  crossed  the  desert  very  successfully  We 
have  made  tests  repeatedly  in  which  we  have  run  the 
Series-10  car  at  50  m.p.h.,  with  wide-open  throttle,  up  a 
long  hill.  Few  hills  are  much  over  1  to  2  miles  long.  We 
have  a  hill  directly  east  of  Syracuse  that  many  cars  can- 
not negotiate  on  high  gear,  yet  we  can  take  two  people  in 
our  Series-10  phaeton,  that  weighs  2450  lb.  itself,  and 
negotiate  that  hill  on  high  gear  at  50  m.p.h. 

I  am  not  thoroughly  satisfied  that  cooling  has  nothing 
tip  do  with  preignition.  With  many  water-cooled  engines, 
preignition  will  occur  if  the  compression-ratio  is  too  high. 
The  practical  designer  will  design  hi-  water-cooled  engine 
and  will  allow  a  little  variation  in  tin-  piston  height.  BO 
he  .an  determine  how  the  carbureter,  the  ports  and 
the  valve-timing  work  out  ;  then  he  adjusts  their  relations 
at  the  engine  will  work  properly.     That   is  all  we  do. 

We  have  operated  our  engines  from  a  8.98-to-l  com- 

lon-ratio  with  our  Series-9  car  up  to  a  5  to  l  ratio 

with   our   experimental   cars.      Thee   work   well,   but   the 

I   ratio  is  altogether  too  touchj   and   makes  a  snappy 

don   as  a   little   [g  deposited,    it,  produces   de- 

tion  and,  as  soon  as  bad  fuel  is  used,  the  engine  is  up 

against  it;  so,  we  use  a  compression  of  4.2  to  1,  which 

gives  us  accurate  results  with  a  low  grade  of  fuel. 
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Our  maximum  torque  does  not  occur  at  the  maximum 
power.  Our  compression  pressure  for  the  maximum 
torque  runs  about  72  to  73  lb.  per  sq.  in.  We  try  to  hold 
the  compression  uniform  throughout  the  speed  range. 
We  find,  by  having  a  uniform  compression-pressure 
throughout  the  speed  range,  that  a  given  air-cooled 
cylinder  will  cool  this  uniformly  and  give  us  good  results. 
Our  maximum  brake  mean-effective  pressure  runs  about 
77  lb.  per  sq.  in.  Our  phseton  weighs  2450  lb.  Its  speed 
is  50  m.p.h.  At  40  m.p.h.  our  car  requires  12.47  hp.  and 
it  has  24  hp.  It  operates  successfully  with  a  wide-open 
throttle  at  25  m.p.h.  We  believe  we  have  covered  the 
range  that  we  have  been  asked  to  cover.  Our  plan  is  to 
try  to  have  the  power  and  the  automobile  correlated  one 
to  the  other,  so  that  we  get  riding  power,  fuel  economy 
and  riding  quality  all  together,  and  a  car  that  will  run  as 
fast  as  any  ordinary  person  would  expect  to  ride.  An 
analysis  of  car  operation  is  given  in  Table  3  of  the  paper. 

Regarding  the  cooling  effect  from  zero  to  120  deg. 
fahr.,  in  an  effort  to  make  a  more  economical  automobile 
during  the  development  stage,  I  tried  the  vacuum-con- 
trolled spark-advance,  mentioned  in  the  paper.  It  is  well 
known  that  when  running  at  part  throttle,  there  is  a 
high  suction  in  the  yoke  and  a  low  compression-pressure. 
People  talk  about  high  compression-ratio  and  economy. 
What  good  does  it  do,  if  you  throttle  the  engine  down  and 
do  not  use  it? 

Concerning  the  volume,  the  cubic  feet  of  cooling  air  per 
horsepower  that  flows  over  our  engine  and  its  relation  to 
the  speed,  the  volume  varies  almost  directly  as  the  engine 
speed.  We  cannot  afford  to  change  this  one  way  or  the 
other.  It  just  happens  to  work  out  that  our  engine  cools 
nicely  at  450  r.p.m.,  at  50  m.p.h.,  and  it  takes  about  550 
cu.  ft.  per  hr.  of  cooling  air;  whereas,  for  higher  speeds, 
on  account  of  the  variation  in  the  torque  and  the  like,  it 
works  out  to  be  0.9  to  1.0  cu.  ft.  per  sec.  per  hp.  At  the 
higher  speeds,  we  could  use  still  less  cooling  air;  but,  at 
the  lower  speeds,  we  need  the  cooling  air. 

In  answer  to  the  question  on  brake  mean-effective 
pressure  as  compared  to  the  compression  pressure,  a 
brake  mean-effective  pressure  of  about  77  lb.  per  sq.  in. 
gives  a  compression  pressure  of  about  70  to  71  lb.  per  sq. 
in. 

I  have  been  told  that  almost  all  the  cooling  in  the 
Knight  engine  had  to  take  place  through  the  head;  and 
that  the  oil-films  and  the  sleeves  were  not  good  mediums 
to  pass  heat  through. 

We  have  used  cylinder-heads  2  in.  thick  with  perfect 
satisfaction.  We  went  down  to  3/8-in.  thickness  of 
cylinder-head  but,  when  the  head  is  too  thin,  the  two 
valves  in  the  cylinder-heads  do  not  have  a  uniform  dis- 
tribution around  the  valve-seats  and  this  is  apt  to  give 
trouble.  Therefore,  we  went  back  to  a  5/8-in.  thickness 
for  cylinder-heads,  and  we  have  no  trouble. 

With  an  aluminum  piston,  we  found  that  the  cylinder 
life  before  regrinding  ran  between  25,000  and  30,000 
miles  before  we  applied  the  dust  separator.  Using  the 
dust  separator,  that  figure  of  30,000  miles  should  be  in- 
creased to  50,000  miles. 

Arthur  H.  Holmes: — From  the  way  Mr.  Grimes' 
paper  is  written,  it  is  reasonable  to  assume  that  it  is  his 
intention  to  encourage  water-cooled  engineers  in  the 
study  and  the  investigation  of  air-cooling.  Having  this 
in  mind,  I  suggest  that  Mr.  Grimes  differentiate  clearly 
between  those  features  of  the  car  he  describes  that  are 
essential  to  air-cooling  and  those  that  are  used  in  its  con- 
struction because  the  company  thinks  that  they  are  proper 
and  should  be  used  whether  the  car  had  an  air-cooled  or  a 
wTater-cooled  engine. 


As  an  illustration,  the  majority  of  the  following  items 
are  not  in  ordinary  use  on  water-cooled  cars.  A  seven- 
bearing  crankshaft;  case-hardening  of  the  crankshaft; 
a  distributor  oil-pump ;  the  use  of  a  special  grade  of  oil ; 
a  double  carbureter;  a  dust  separator  for  air  to  the 
carbureter;  an  electric  primer  for  starting;  a  temperature 
control  on  the  intake-manifold ;  special  pistons ;  and 
duralumin  connecting-rods. 

It  seems  to  me  that,  if  it  is  Mr.  Grimes'  desire  to  en- 
courage interest  in  air-cooling,  it  would  be  wise  to  state 
deffnitely  that  the  above  special  features  of  the  car  he 
represents  are  not  used  because  they  are  necessary  in 
connection  with  the  air-cooling  of  an  engine,  but  are 
simply  features  that  his  company  believe  are  desirable 
with  an  air-cooled  or  water-cooled  car.  Certainly,  in  my 
experience,  especially  in  some  of  the  late  developments 
that  we  have  made  we  have  proved  it  possible  to  build 
an  air-cooled  engine  that  is  absolutely  identical  with  a 
water-cooled  engine  in  everything  but  the  cooling  sys- 
tem. For  2  years  we  have  produced  cars  that  will  use 
satisfactorily  any  oil  that  a  water-cooled  engine  will  use, 
and  use  it  with  the  same  satisfaction  that  is  secured  with 
a  water-cooled  engine.  In  other  words,  the  better  the 
grade  of  oil  is,  the  longer  the  life  of  the  engine  will  be, 
but  the  question  of  a  high  flash-point  or  a  low-carbon  oil 
is  no  more  important  to  an  air-cooled  than  to  a  wTater- 
cooled  engine.  We  have  used  a  standard  carbureter  and 
a  standard  manifold  with  a  hot-spot,  and  have  obtained 
results  comparable  with  those  obtained  in  water-cooled 
cars. 

We  have  been  able  to  run  an  air-cooled  engine  at  full 
load  on  the  block  without  any  external  cooling  system, 
ever  since  we  used  the  aeroduct  method  of  air-cooling,  and 
we  have  used  it  for  a  little  over  2  years,  but  I  believe  we 
are  not  able  to  do  this  at  as  high  a  speed  as  Mr.  Grimes 
mentions.  We  have  never  actually  tried  it  at  more  than 
1500  r.p.m.  of  the  engine  but,  up  to  that  speed,  it  is  per- 
fectly practicable  to  operate  at  full  power  for  any  or- 
dinary period.  We  have  run  up  to  4  or  5-hr.  tests  and, 
at  no  time  during  these  tests,  did  we  even  cool  the  oil 
by  any  external  means.  I  judge  that  the  amount  of  air 
passing  by  our  cylinders  is  practically  the  same  as  the 
amount  Mr.  Grimes  states  as  passing  by  the  cylinders  of 
the  car  he  describes,  but  I  am  of  the  opinion  that  the 
power  consumed  is  a  little  more  than  he  mentions. 

I  think  the  big  important  point  in  connection  with  air- 
cooling  that  engineers  must  overcome  before  the  use  of 
air-cooled  engines  is  extended  to  any  great  extent  is  the 
cost  of  construction.  My  judgment  is  that  every  air- 
cooled  engine  that  has  ever  been  produced  so  far  has  cost 
considerably  more  than  the  water-cooled  engine.  I  am 
frank  to  say  that  there  is  no  basic  reason  for  this  that  I 
can  see,  aside  from  casting  the  cylinders  individually,  and 
I  am  not  sure  that  this  is  absolutely  necessary. 

The  impression  could  be  created  by  Mr.  Grimes'  paper 
that  the  cost  of  the  air-cooled  engine  in  question  is  very 
high  on  account  of  the  different  special  features  that  I 
have  mentioned.  Perhaps  it  would  be  well  to  state  that, 
in  a  four-cylinder  engine  we  have  developed  and  got  ready 
for  production  but  have  not  yet  started  to  build,  the  cost 
will  be  but  little  more  than  that  of  a  water-cooled  engine 
produced  in  the  same  volume.  There  undoubtedly  will 
be  a  10-per  cent  difference.  There  is  absolutely  nothing 
about  this  four-cylinder  engine  that  is  different  from  a 
water-cooled  engine  of  the  same  size  and  construction, 
except  the  air-cooling  and  its  effect  on  the  cylinders.  I 
think  this  is  a  very  important  point  to  have  the  water- 
cooled  engineers  understand.  This  four-cylinder  engine 
is  the  best  performing  air-cooled  engine  I  have  ever  used. 
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-      w  this  year  would  indicate  the  ad- 
en-bearing  crankshaft,  the  use  of  a  dust 
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Oils  to  assure  them  the  greatest  satisfaction  from  the  use 

of  their  car  for  every  dollar  expended  for  lubrication. 

A  number  of  my  friends  who  are  still  using  water- 
cooled  cars  have  assured  me  that  they  have  been  well  paid 
for  their  casual  investigation  of  the  Franklin  products 
it  taught  them  the  value  of  a  good  oil  to  their  car. 
I  wish  to  assure  Mr.  Holmes  that  the  horsepower  men- 
tioned for  moving  our  cooling  air  is  correct  to  the  best  of 
our  knowledge  and  belief.  I  might  say  to  him  that  where- 
as he  might  not  have  felt  justified  in  running  his  engine 
more  than  1500  r.p.m.  at  open-throttle  on  the  block,  that 
I  have  just  completed  a  very  interesting  little  run  on  one 
of  our  engines  that  to  the  casual  observer  would  be  iden- 
tical in  every  respect  to  our  production  and  that  I  oper- 
ated this  engine  with  full  throttle  at  2600  r.p.m.  for  1  L' 
hr.  The  room  temperature  was  90  deg.  fahr.,  the  cylin- 
der-head temperature  L'">  I  deg.  fahr.  and  the  power  de- 
veloped at  the  end  ^(  the  run  was  88  hp.  We  maintained 
a  stream  of  water  mi  the  under  part  of  the  oil-pan  during 
this  run  which  prevented  the  oil  temperature  from  ex- 
ceeding 150  deg.  fahr.  Otherwise  the  engine  was  cooled 
naturally  by  itself  with  the  production  fan. 


COORDINATION  OF  MOTOR-TRUCK  AND 
RAILROAD  TRANSPORTATION 


hided  from  p.  124 ) 


•hat  this  method  seriously  delays  the  traffic,  and  on 

the  belief  that  the  service  is  more  expensive  than  dray 

.ce.     The  remedy  for  this  practice  lies  with 

the    Interstate    Commerce    Commission,    who    should    be 

petitioned  to  require  the  railroads  either  to  discontinue 

performing  a  service  of  this  character  or  to  charge  for 

rate  commensurate  with  its  CO 

A  reason  urged  for  retaining  the  trap-car  service  by 

e  enjoying  it  is  that   it  enables  them  to  get  better 

terms  from  draymen;  that  without  it  they  would  be  at 

the  draymen.    This  implies  that  those  who 

vithout  track  location  are  mulcted  by  the  draymen. 

hardly  be  the  case. 

Highway-Transportation  Brains 

I  have  tried  to  point  out  what  seems  to  me  to  be  the 

proper  field  for  the  motor  truck  and,  in  a  general  way,  to 

indicate   the    nec>-  r    further   development    along 

highway-transportation  lines.     It  has  been  said  that  one 

r  the  lack  of  development  of  highway 

the   lack   of  properly  organized   high- 

D    companies,    which    should    be    in    a 

r  the  highways  along  the  same  gen- 

■f.h<-r  forms  of  transportation.     It  has  been 

that  the  lack  of  these  organized  compani'- 

due  in  p.-;  lack  of  finances  and  to  their  not  having 

be  public  in  the  particular  class  of  work 

P'-rform.     This  is  true  only  in  part.     I 

of  highway  transportation  is  due 

the  lack  of  organized  highway-transporta- 

builders    should    undertake    to    COOp< 
ely   with    motor-truck    operator.-.      The    motor-truck 

•  •  ■  d  when  sal 
r  equipnu  I  believe  that  in  I 

ing  (  ick  build. 

•heir  engineering  experi- 
'  highwa  -.on. 


I  am  of  the  opinion  that  it  would  be  to  the  advantage 
of  the  railroads  of  the  Country  to  include  in  their  organi- 
zations men  who  have  had  experience  in  building  and 
properly  using  motor  trucks.  The  railroads,  to  their  ad- 
vantage, should  arrange  for  a  more  liberal  mixing  of 
commercial  and  railroad  brains.  I  believe  that  one  of  the 
causes  that  has  had  much  to  do  with  the  present  dis- 
satisfaction on  the  part  of  the  public  is  the  fact  that  the 
carriers  are  trying  to  solve  commercial  problems  with 
railroad  brains.  It  is  difficult  for  the  average  railroad 
man,  who  is  trained  along  railroad  lines,  to  view  the 
problems  of  transportation  along  the  same  broad  lines 
as  does  the  man  who  has  had  a  commercial  training.  A 
great  many  of  our  misunderstandings  would  disappear 
if  the  carriers  would  use  more  liberally  the  services  of 
the  commercially  trained  man.  We  shall  not  be  able  to 
secure  the  best  results  from  our  railroads  until  the  com- 
mercial and  the  railroad  brains  of  the  Country  get  to- 
gether. 

Motor-truck  builders  might  also  to  their  advantage  in- 
clude in  their  organizations  terminal  engineers,  who, 
with  the  experience  gained  while  in  the  service  of  the 
rail  carriers,  should  be  able  to  teach  the  motor-truck 
builders  Borne  of  the  proper  use    oi  thi  vehicle. 

The  public  also  will  require  further  education  along 
highway  lines.  Only  when  the  railroad  and  the  highway 
are  properly  coordinated  will  each  find  its  proper  place 
in  the  economic  transportation  problems  of  the  Country. 
The  proper  understanding  of  the  "field"  of  the  various 
transportation  agencies  is  vital,  but  in  determining  this 
field  each  form  of  transportation  should  bear  its  proper 
re  ponsibilities  and  charges.  No  one  class  of  common 
carrier  should  be  subsidized  by  the  Federal  Government 
or  the  states  to  the  disadvantage  of  the  other  compet- 
ing agencies.  Only  by  a  mutual  understanding  of  their 
proper  relations  can  the  good  of  the  public  as  a  whole 
dvanced.  The  encouraging  of  active  and  forced  com- 
ild  in  the  end  be  destructive. 
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THE  two-fold  purpose  of  the  tests  described  was  to 
acquire  as  many  data  as  possible  regarding  the 
peculiar  requirements  of  motorbuses,  as  viewed  from 
the  standpoint  of  power  requirements  and  fuel  economy, 
and  to  analyze  the  discrepancy  found  so  often  between 
the  performance  of  an  engine  on  the  test  block  and  the 
fuel  economy  obtained  from  the  same  engine  under 
actual  service  conditions. 

Following  a  general  statement  of  conditions  to  be 
met,  and  an  examination  of  the  problems  of  the  manu- 
facturer as  to  why  his  choice  of  the  various  units  and 
accessories  is  such  a  vital  factor  in  fuel  economy,  the 
improvements  accomplished  are  enumerated,  together 
with  the  reasons  and  inclusive  of  the  desirable  and 
undesirable  features  of  carbureter  specification  and 
miscellaneous  factors. 

The  test  equipment  and  methods  are  specified  and 
discussed,  the  results  obtained  when  using  a  steam 
cooling-system  are  presented  and  the  general  results 
are  stated  and  commented  upon. 

EARLY  in  the  spring  of  1922,  a  series  of  tests  was 
inaugurated  at  Waukesha,  Wis.,  with  a  two-fold 
purpose  in  view.  One  was  to  acquire  as  many 
data  as  possible  on  the  peculiar  requirements  of  motor- 
buses,  as  viewed  from  the  standpoint  of  power  re- 
quirements and  fuel  economy ;  the  other  was  to  analyze 
the  discrepancy  that  is  found  so  often  between  the  per- 
formance of  an  engine  on  the  test  block  and  the  fuel 
economy  obtained  from  the  same  engine  under  actual 
service  conditions.  Ideal  conditions  found  in  a  labora- 
tory do  not  prevail  on  the  road  but,  with  due  allowance 
made  for  this,  there  is  a  wide  gap  between  the  ton- 
mileage  of  the  conventional  truck  and  what  we  felt  could 
be  obtained  by  a  thorough  analysis  of  the  problem. 

It  has  been  stated  that  the  potential  energy  in  1  gal. 
of  gasoline  is  approximately  100,000,000  ft-lb.  If  we 
could  use  this  energy  with  no  thermal  or  mechanical 
losses,  it  would  be  sufficient  to  raise  a  2000-lb.  car  verti- 
cally a  distance  of  nearly  10  miles.  Due  to  our  crude 
methods  of  converting  this  energy  into  power,  we  are 
barely  able  to  propel  the  same  car  twice  this  distance  on 
the  ground.  If  it  were  possible  to  eliminate  the  thermal 
losses  from  the  engine,  in  spite  of  which  we  have  reached 
our  present  figure  of  upward  of  100  ton-miles,  we  would 
approach  400  ton-miles  per  gal.  Obviously,  it  is  not  pos- 
sible to  eliminate  such  losses,  but  it  is  possible  to  locate 
the  causes  of  many  of  them  and,  by  reducing  them  to  a 
minimum,  to  secure  greater  efficiency  in  the  numerous 
units  that  exert  such  a  pronounced  influence  upon  fuel 
economy.  As  an  example  of  this  preventable  waste,  the 
fact  was  cited  recently  that  if  Ford  cars  gave  as  corre- 
spondingly good  mileage  as  the  Franklin,  Dorris,  Essex 
or  several  other  well-known  cars,  the  saving  in  fuel 
would  be  sufficient  to  purchase  the  Muscle  Shoals  plant 
every  18  days.    The  Ford  case  cited  is  perhaps  extreme, 


but  the  factors  that  are  responsible  for  this  performance 
also  affect  the  entire  industry  to  a  great  degree. 

To  get  a  better  understanding  of  this  phase  of  the 
subject,  let  us  examine  the  problems  of  the  car  or  truck 
builder  and  why  his  choice  of  the  various  units  and  ac- 
cessories is  such  a  vital  factor  in  fuel  economy.  After 
having  determined  the  weight  of  his  proposed  job  he 
decides  upon  an  engine  and,  too  often,  he  is  influenced 
to  choose  too  large  an  engine  to  meet  the  public  demand 
for  exceptional  performance  on  direct  gear;  and  this 
means  relatively  poor  economy  at  the  lower  speeds  at 
which  the  car  will  be  operated  90  per  cent  of  the  time. 
As  a  rule,  the  foreign  cars  have  much  smaller  engines 
and  greater  gear  ratios  than  American  cars,  so  that  they 
can  have  the  engine  operating  more  often  at  a  speed  and 
a  load  that  will  give  the  best  economy. 
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1  M.S.A.E. — Chief  engineer.  Waukesha  Motor  Co.,  Waukesha.  Wis. 


Fig.    1 — Comparative   Curves   of   the    Fuel    Consumption    of   an 

Engine  Built  a  Few  Years  Ago  and  a  Recent  Motorbus  Engine- 

of  Approximately   the   Same   Displacement 
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Till  ..mi  k\  u    OF    fHE  SOCI]   rY  OF    AUTOMOTIVE  ENGINEERS 


i  studying  carefully 

:  only  better  efficiency 

at  full  load  i  etter  econ- 

om>  loads  under  which  the  engine 

the  time.     The  results  of  this 

I  in  Fig.  1.  which  shows  ■  fuel-economy 

curve  from  one  of  our  earlier  engines  and  one  from  one 

It  :he  same  displacement.     We 
:his  improvement  by 

:  vaporization 

.  water-jacket   temperatures,  without 

danger  of  h  utting  down   losses  to  cyl- 

inder ja.. 
•  —■  ■         mpressione,  made  possible  by  better  dis- 
.    improved   cylinder-heads   and   the    use 
aluminum  pisl 

-••  in  thermal  efficiency  made  possible  by  the 
f  the  improved  cylinder-heads  and  special  pistons  is 
dealt  with  in  H.   L.   Homing's   paper  on  the   Effect  of 
Com:  tion    and    Detonation    Control, 

".ere  in  this  issue  of  THE  JOURNAL, 
ter  the  decision  in  regard  to  the  engine  conns  that 
lie  transmission  and  the   rear  axle.     They    must    be 
-ire  that  the  engine  works  as  near  full  load 
and  at  as  an  efficient  speed  as  possible  at  all  times  for. 
the  nearer  it  works  to  full  load,  the  greater  the  output 
of  power  per  pound  of  fuel  will  be.     Too  often,  a  rear 
to  permit  the  truck  to  meet  some  extreme 
conditions,  as  in  pulling  out  of  excavations  or  climbing 
along  the  water  fronts  of  seaport  and 
river      ties       The    result    is   that,   when   operated  on   a 
level  on  direct  gear,  the  engine  is  running  under  part 
throttle.     The  better  solution  would  be  either  an  over- 
in  the  transmission  or  additional  available 

that  will  allow  the  driver  to  keep  the  engine  well  loaded 
at  all  times.  For  similar  reasons,  if  a  truck  is  placed  in 
intercity  hauling-service.  with  loads  in  both  directions, 
a  certain  rear-axle  ratio  would  be  suitable;  but,  if  used 
in  road  work,  with  heavy  loads  in  one  direction  and  run- 
ning empty  on  the  return  trip,  the  truck  should  have 
some  type  of  over-gear  to  insure  a  high  load-factor  on 
the  engine  on  the  return  trip.     As  an  example  of  the 

•  r  economy  that  can  be  secured  by  careful  attention 

••  found  that  changing  the  transmission 
at  one  stage  of  our  tests  to  give  a  ratio  of  0.787  to  1  in 
place  of  1  to  1  gave  an  increase  of  4.4  ton-miles,  and  re- 
placing the  original  worm-drive  axle  with  a  double-re- 
duction type  gave  a  further  increase  of  5.8  ton-miles. 

CASBUEETEB   SPW  IHi A.TI0N8 

While  the  choice  of  a  carbureter  i-  apl  to  have  a  vital 

•  on  the  fuel  economy,  there  is  another  phase  of  the 
matter  that  is  of  still  more  importance;  that   is,  the  in- 

•vorking  out  of  the  carbureter  specifications  to 
iflc  demands  of  each   installation.      A  car- 
gives  excellent  results  on  an  engine 
of  a  given  di-  at  on  a  certain  make  of  car  is  apt 

iraging   results  on  almost  a  duplicate   in- 
stallation, due  appt  to  minor  differences  in  the  two 

ed  ordinarily  as  related  to  the 

almost    invariably    set    too    rich,    be- 

'  1 1 

water-jacket  temperatures 


(4i  Starting  and  warintag-np  period  in  cold  weather 
Low  compression  in  the  cylinders  due  to  part-load 
running 

The  mixture-ratios  that  the  Carbureter  delivers  at 
different  throttle  positions  have  a  vital  effect  on  economy. 
We  have  types  of  carbureter  that 

(1)  Start   with  ■  rich  mixture  and.  as  speed  increases, 

give  a  leaner  mixture  at  all  higher  speeds 

(2)  Give  a  rich  starting  mixture,  decrease   the  mixture- 

ratio  and  increase  it  again  slightly  at  very  high 
speeds 
(live  a  rich  starting  mixture  and  do  not  reduce  the 
mixture-ratio  sufficiently  at  any  higher  speeds, 

hut     continue    to    furnish    an    over-rich     mixture 

throughout  the  range  of  the  carbureter 

Miscellaneous  Factors 

The  size  of  venturi  tubes,  fuel  jets  and  bleeders  must 
be  determined  under  actual  road  conditions  to  give  the 
best  results;  and  the  carbureter  construction  must  be 
such  that  there  will  be  a  minimum  variation  from  the 
original  settings  throughout  the  life  of  the  car.  That  is, 
the  working  parts  of  the  carbureter  must  be  proportioned 
liberally  to  provide  the  proper  assurance  against  wear, 
with  the  resultant  fuel  leakage  and  air  leaks.  Air  leaks 
around  the  throttle  shaft  mean  that  the  mixture  must  be 
enriched  to  compensate  for  the  air  that  leaks  in,  espe- 
cially under  nearly  closed  throttle.  The  exceptionally 
long  throttle-shaft  bearings  on  Fifth  Avenue  Coach  Co. 
buses  are  an  example  of  the  precautions  needed  to  guard 
against  fuel  wastage  at  this  point. 

As  supporting  our  promise  that  the  identical  car- 
bureter settings  that  give  good  performance  on  the  test 
block  will,  with  the  proper  coordination  of  all  other  units, 
give  equally  good  results  on  the  road,  we  might  mention 
that  the  carbureter  used  in  these  tests,  after  about  5000 
miles  of  operation,  was  placed  on  a  similar  engine  on 
the  test  block.  With  no  change  in  the  settings  or  ad- 
justments, it  gave  a  fuel  economy  of  0.51  lb.  per  hp-hr. 
with  the  engine  operating  a  20-in.  fan  as  under  service 
conditions. 

A  radiator  and  a  fan  that  will  cool  an  engine  at  full 
load  in  hot  weather  will  just  as  certainly  keep  the  water 
temperature  too  cool  in  cold  weather,  unless  exceptional 
precautions  are  taken  to  correct  this  condition.  With 
too  cool  water-jackets,  we  have  high  friction  losses  at 
the  pistons  and  the  rings,  poor  vaporization,  dilution  and 
low  thermal  efficiency.  The  relation  of  the  fan  to  the 
radiator  is  important  because,  if  it  is  not  located  prop- 
erly, the  corners  of  the  radiator  will  l>e  practically  dead 
as  the  fan  may  consume  considerable  power  in  churning 
the  air  in  the  shroud. 

Vacuum  tanks  sometimes  draw  the  fuel  over  on  the 
suction  line,  or  deliver  the  fuel  too  rapidly  to  the  car- 
bureter. 

Hot-air  stoves,  air-cleaners  and  the  like  are  sometimes 
too  restricted  and  do  not  allow  an  engine  to  attain  its 
full  volumetric  efficiency. 

Too  often  a  cheap  spark-plug  is  chosen,  one  that  is 
damaged  easily  and  gives  a  weak  spark;  or,  one  that, 
due  to  its  construction,  produces  a  spark  knock  and  causes 
the  operator  to  run  with  the  spark  too  late  for  the  best 
economy. 

It  does  not  s<-.  in  at  first  thought  that  the  way  in  which 
an  engine  is  suspended  in  a  chassis  would  affect  the  fuel 
economy;  but,  if  it  is  not  mounted  properly,  the  weaving 
of  the  frame  may  distort  a  crankcase  in  this  manner 
enough  to  cause  the  main  bearings  to  be  thrown  out  of 
line  and  actually  stall  the  engine. 
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A  magneto  may  contribute  its  share  toward  poor 
economy  by  furnishing  a  weak  spark  or  by  faulty  action 
of  the  breaker  mechanism  at  high  speeds  cause  more  or 
less  missing. 

Large  bodies  produce  excessive  wind  resistance  and, 
as  the  wind  resistance  is  controlled  mainly  by  the  frontal 
area,  it  is  important  to  be  able  to  transport  the  maxi- 
mum tonnage  with  a  minimum  frontal  area. 

This  by  no  means  limits  the  list  of  items  that  affect 
the  fuel  economy,  although  it  comprises  the  major  items 
that  are  passed  upon,  or  often  passed  over,  by  the  manu- 
facturer. The  above  points  are  not  cited  in  a  spirit  of 
criticism,  but  merely  to  illustrate  the  opportunities  that 
are  present  for  securing  better  performance  and  effi- 
ciency by  a  careful  analysis  of  the  relation  of  the  various 
units  that  comprise  the  completed  product.  It  is  also 
well  to  mention  that  these  same  problems  face  the  manu- 
facturer who  makes  all  of  his  major  units  in  his  own 
shop,  as  well  as  the  smaller  truck  or  car  assembler;  in 
fact,  instances  of  neglect  to  recognize  and  correct  the 
foregoing  points  are  fully  as  common  in  the  product  of 
an  organization  of  this  type  as  in  that  of  the  assembler. 
When  the  truck  passes  into  the  hands  of  the  owner,  other 
factors  appear  such  as  the  kind  of  fuel  and  oil  used,  at- 
tention paid  to  engine  and  carbureter  adjustments, 
chassis  lubrication  and  the  like. 

In  addition  to  general  conditions  that  confront  the 
truck  builder  there  are  many  other  problems  that,  while 
related  more  or  less  to  some  of  the  above  items,  can  be 
improved  materially  by  recognizing  these  facts  when 
designing  the  engine.  To  afford  a  better  understanding 
of  some  of  these  problems,  a  brief  description  of  the 
equipment  used  in  this  test  is  included. 

Test  Equipment  and  Methods 

The  truck  used  had  a  21/2-ton  Sterling  chassis, 
equipped  with  a  large  enclosed  body  having  a  frontal 
area  of  about  40  sq.  ft.  This  type  of  body  was  used  to 
let  us  approximate  the  bus  type  of  body,  as  we  were  in- 
terested in  getting  as  close  to  the  conditions  of  bus  ser- 
vice as  possible.  The  tires  were  of  solid  rubber  36  x  4 
in.  front  and  38  x  7  in.  rear.  The  initial  runs  were  made 
with  a  worm-drive  axle  that  was  used  up  to  the  last  week 
or  two  of  the  tests.  The  radiator  was  of  fin  tubular  type 
with  seven  rows  of  tubes;  the  area  of  the  radiator  was 
560  sq.  in.  and  the  depth  of  core  35s  in.  The  fan  was  a 
Waukesha  Motor  Co.  20-in.  four-blade,  having  a  2-in. 
projected  width  of  blade,  and  running  at  about  one  and 
one-half  times  the  engine  speed. 

Two  routes  were  used  for  the  test  work.  One  of  24.4 
miles  was  used  for  runs  that  would  represent  intercity 
traffic  and  another  of  3.7  miles  through  the  city  of 
Waukesha  to  represent  city  running.  The  city  run  was 
made  at  different  times  with  12,  24  and  36  stops  per 
trip.  The  last  figure  represents,  approximately,  10 
stops  per  mile.  The  load  also  was  varied,  from  the  8300- 
lb.  weight  of  the  truck  alone  to  a  total  weight  of  16,000 
lb.  This  was  for  the  purpose  of  determining  the  effect 
of  the  various  loads  on  the  fuel  economy.  Most  of  the 
testing  was  done  at  a  speed  of  12  m.p.h.  in  the  city  and 
15  m.p.h.  in  the  country.  This  was  varied  at  times  but 
only  to  establish  certain  relations  between  speed  and 
economy.  A  total  of  296  observed  runs  was  made,  cov- 
ering a  period  of  a  little  more  than  7  months. 

At  the  same  time  these  tests  were  being  run  we  had 
another  one  of  our  engineers  engaged  in  similar  work 
in  the  congested  districts  of  New  York  City,  getting 
data  for  the  Waukesha  tests  and,  in  turn,  testing  a  num- 
ber of  the  features  brought  out  by  our  test  runs.    In  the 


congested  districts  of  New  York  City  where  this  work 
was  done,  the  average  speed  was  sometimes  as  low  as  5 
m.p.h.  with  as  high  as  22  stops  per  mile.  This  would  im- 
pose a  very  light  load  on  the  engine,  which  means  that 
it  would  be  operating  down  in  the  range  of  light  loads 
and  low  speeds  and,  therefore,  of  poor  economy. 

The  engine  used  at  the  start,  at  Waukesha,  was  our 
type  CU  4%  x  5%-in.  unit,  having  a  displacement  of  346 
cu.  in.  The  improved  thermal  and  mechanical  efficiency 
of  this  engine,  as  a  result  of  the  better  distribution  and 
vaporization,  together  with  the  better  performance  ob- 
tained by  proper  coordination  of  the  other  units  on  the 
truck,  made  it  possible  to  cut  the  size  of  the  cylinder 
blocks  from  4%  in.  to  4  in. 

One  of  the  first  problems  that  we  undertook  was  to 
see  what  could  be  done  to  improve  the  carburetion.  Sev- 
eral types  of  carbureter  were  tried.  A  carbureter  that 
raised  our  initial  mileage  of  4.7  miles  per  gal.  or  19.6 
ton-miles  to  5.5  miles  per  gal.  or  22.8  ton-miles  was 
finally  selected  for  the  test  program.  The  representa- 
tives of  the  company  making  the  original  carbureter  fur- 
nished with  the  truck  were  present  at  later  stages  of  the 
test  and,  after  going  into  the  problem  carefully,  brought 
their  performance  in  line  with  the  mileage  obtained  on 
the  carbureter  that  had  been  substituted  for  it  to  let 
us  get  somewhat  more  flexible  carbureter  settings. 

We  had  observed,  early  in  the  tests,  considerable  con- 
densation taking  place  in  the  manifold  at  the  junction  of 
the  riser  and  the  horizontal  portion  of  the  intake-mani- 
fold. O.  H.  Ensign,  of  the  Ensign  Carbureter  Co.,  de- 
voted considerable  time  in  the  past  toward  correcting  the 
condensation  that  takes  place  at  the  tee  and  at  the  bends 
in  manifolds  of  the  conventional  type,  such  as  is  shown 
at  the  top  in  Fig.  2.  As  a  result  of  similar  tests,  we  had 
for  3  years  been  using  manifolds  with  sharp  corners, 


Fig.   2 — The  Conventional  Type  of  Manifold    (Above)    and    (Be- 
low)  a  Manifold  with  Sharp  Corners  that  Has  Been  Used  bt 
the  Waukesha  Motor  Co.  for  the  Past  3  Tears 
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i  »t  While  Distributing  the  Hk.it 
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-hown  at  the  bottom  in  Fig.  -■  A  small  mani- 
fold with  sharp  bends  may  lessen  the  volumetric  effi- 
ciency at  high  speeds,  but  the  better  carburetion  and  the 
improved  performance  at  moderate  speeds  more  than 
offset  the  slight  loss  in  volumetric  efficiency. 

Th-  S.  >f  the  Bureau  of 

Standard-  .owed  the  presence  of  large  quantities 

of  fuel  at  the  tee  in  a  Chalmers  engine,  when  operated 
even  under  heavy  loads,  as  indicative  of  similar  con- 
•  in  a  great  many  other  engines  in  popular 
He  also  showed  in  a  glass  manifold  the  tendency  of 
the  fuel  to  lie  at  this  point,  despite  the  application  of 
heat  to  vaporize  it.  The  tee  was  heated  with  two  large 
blow-torches  to  a  temperature  of  about  500  deg.  fahr., 
and  the  fuel  still  lay  at  this  point,  riding  on  a  layer  of 
gas  at  times  and  rolling  about  the  manifold  much  as 
water  does  on  a  very  hot  surface. 

.  -tomary  procedure  to  overcome  these  conditions 

Tie  sort  of  hot-spot,  an  extreme  type  being  shown  in 

Fig.  3.    Attention  is  directed  to  the  distribution  of  heat 

be  tee  and  how  it  is  carried  under  the  inner  corners 

of  the  tee  where  the  condensation  is  greatest.    Too  many 

hot-spots  direct  the  heat  to  an  area  above  the  riser  and 

deliver  practically  no  heat  at  the  point  where  the  con- 

;el  is  inclined  to  gather.     The  type  of  manifold 

although  it  corrects  the  conditions 

•  at  the  cost  of  the  volumetric  efficiency 

beats  the  air  in  the  intake-manifold  to  146 

deg.  fahr.    The  loss  in  brake  horsepower  entailed  by  the 

manifold  instead  of  a  plain  manifold  at  full 

load  ent.     The  small  surface  avail- 

rization  and  the  very  small  fraction  of  time 

mg  while  the  gas  rushes  past  the  hot- 

rom  vaporizing  th<-  charge 

as  thoroughl  ■.ould  desire. 

To  imp  lit  ions  in  the  manifold  without  re- 

sorting to  a  hot-  mall   venturi   was   placed  at  the 

tee,  which  improved  the  distribution  and  lessened  the 
condensation  materially.  Additional  deflectors  placed  at 
the  •  "he  manifold  increased  our  ton-mileage  8.8 

[x-r  gal.   Th'  and  deflector-  were  re- 

aken,   and   then   tl  e   re- 

Bed    thoroughly    as   to 
any  increase  in  milea;- 
A  iind<-r-h<-ad  and  aluminum  pistons 

and  that,  with  the  higher  com) 


BUM)  that  we  were  eventually  able  to  carry  with  these 
-.  OUT  mileage  was  increased  1T..">  ton-miles  per  gal. 
With  the  higher  compression  we  had  a  considerable 
surplus  of  power,  being  able  to  operate  the  truck  at  48 
m.p.h.  and  accelerate  it  from  a  standing  start  to  15 
m.p.h.  in  9  sec.  This  meant  that,  over  a  great  portion 
of  the  course,  the  engine  was  under  part  throttle  and 
operating  at  relatively  poor  thermal  efficiency;  BO,  to 
the  load-factor  on  the  engine,  the  bore  was  de- 
creased from  -Is  to  -1  in.  We  still  had  ample  power  and 
gained  3.0  ton-miles,  due  to  operating  the  1-in  -bore  en- 
gine at  a  higher  load-factor  than  the  4%-in.-bore  engine. 
We  had  been  running  for  several  weeks  without  a  tan. 
to  hold  our  water  temperature  as  high  as  possible.  As 
a  result  of  the  better  mechanical  efficiency  at  the  higher 
temperature  and  the  slight  saving  of  the  horsepower 
consumed  by  the  fan,  we  gained  4.5  ton-miles  per  gal. 
The  temperature  along  the  test  route  at  this  time  ran 
from  80  to  90  deg.  fahr.  Although  we  could  do  this 
nicely  in  hot  weather,  we  knew  that  it  would  be  difficult 
to  do  so  in  cold  weather;  therefore,  we  began  to  search 
for  a  system  of  temperature  regulation  that  would  main- 
tain the  maximum  permissible  jacket  temperatures 
under  widely  varying  weather  conditions  and  especially 
at  idling  speeds  and  light  loads. 

Steam  Cooling-Systkm 

A  steam  cooling-system  was  installed  to  permit  better 
control  of  the  water-jacket  temperature  and  to  aid  in 
giving  still  better  vaporization  within  the  cylinders  in 
cold  weather.  As  we  had  been  able  to  hold  the  water 
temperatures  at  from  205  to  210  deg.  fahr.  we  did  not 
anticipate  better  economy,  especially  as  we  had  been 
running  for  a  month  without  a  fan;  and  the  use  of 
steam  cooling  meant  using  a  fan  with  a  little  additional 
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power  to  run  it.  There  was  no  appreciable  change  in 
the  fuel  economy  at  that  time  with  a  60  to  70-deg.  fahr. 
air  temperature  but,  with  the  advent  of  cold  weather,  we 
have  been  able  to  appreciate  the  advantage  of  this  sys- 
tem. With  a  temperature  of  2  deg.  fahr.  below  zero,  it 
is  possible  to  hold  a  jacket  temperature  of  190  deg.  fahr. 
with  the  same  radiator  as  was  used  in  summer,  idling 
4  hr.  on  1  gal.  of  gasoline.  The  truck  has  been  operated 
on  the  road  at  zero  temperature  with  excellent  results, 
with  the  identical  carbureter  settings  used  in  July  and 
August. 

With  a  conventional  water-cooling  system,  about  100 
B.t.u.  per  hp.  is  delivered  to  the  cooling  water  per  minute 
on  an  L-head  type  of  engine;  or,  in  our  case,  about  3500 
B.t.u.  per  min.  With  a  20-deg.  fahr.  temperature-drop, 
this  would  mean  the  pump  would  have  to  circulate  about 
24  gal.  per  min.  Our  pumps  on  this  model  are  made  to 
handle  a  little  in  excess  of  this  to  take  care  of  constric- 
tions in  the  radiator  such  as  are  found  often  after  sev- 
eral months  of  service,  and  also  meet  the  high  tempera- 
tures encountered  in  tropical  countries.  In  the  early 
days,  with  tank  cooling,  this  problem  was  badly  mis- 
understood; some  tractor  builders  seemed  to  think  that 
if  a  large  enough  tank  was  used  it  would  cool  the  engine, 
losing  sight  of  the  fact  that,  with  no  facilities  for  radiat- 
ing the  heat  carried  into  the  tank,  the  water  in  it  would 
eventually  boil  if  the  engine  were  kept  under  load  long 
enough.  The  early  pioneers  in  the  tractor  industry  were 
not  the  only  ones  to  lose  sight  of  the  fact;  in  one  of  the 
largest  engineering  enterprises  completed  within  the 
present  generation,  insufficient  means  were  taken  to 
radiate  the  immense  amount  of  energy  introduced  hourly 
into  the  system,  with  the  same  results  as  were  encoun- 
tered early  in  the  automotive  industry. 

A  diagram  of  the  Rushmore  steam-cooling  system  is 
reproduced  in  Fig.  4.  The  top  water-outlet  on  the  engine, 
instead  of  being  connected  to  the  top  of  the  radiator,  is 
carried  down  and  enters  the  lower  tank  a  few  inches 
from  the  point  where  water  enters  the  line  leading  to 
the  pump.  A  header  pipe  lies  in  the  bottom  of  the  lower 
tank  and  many  small  holes  are  drilled  in  this  pipe  to  dis- 
tribute the  steam  better  throughout  the  width  of  the 
radiator.  A  gear  pump  is  used  in  place  of  an  ordinary 
centrifugal  pump,  as  the  water  level  in  the  engine  when 
running  must  be  maintained  high  enough  to  cause  the 
water  to  flow  over  the  top  water-pipe.  The  gear  pump 
is  also  more  positive  in  action  than  a  centrifugal  pump 
and  forces  the  steam  upward  and  out  of  the  cylinder 
blocks  as  fast  as  it  forms.  With  a  centrifugal  pump,  the 
formation  of  steam  around  the  exhaust-valves  or  the 
spark-plugs,  when  once  it  is  allowed  to  start,  causes  such 
a  commotion  that  the  normal  flow  of  water  is  interfered 
with  seriously,  and  it  may  even  force  the  water  downward 
and  back  through  the  pump.  The  gear  pump  serves  as 
a  traffic  officer  in  this  instance,  with  but  one  command 
to  the  stream  of  water  and  steam:  "Keep  moving  and 
leave  by  the  top  exit."  The  actual  amount  of  water 
moved  by  the  gear  pump  on  a  steam-cooled  job  is  far  less 
than  with  water  cooling,  often  but  20  per  cent  as  much. 
The  reason  for  this  is  that  the  temperature  drop,  even 


with  the  inlet  water  at  190  deg.  fahr.,  is  far  greater  than 
in  a  water-cooled  engine,  as  the  outlet  temperature  may 
reach  230  deg.  fahr.  There  is  also  a  greater  temperature 
rise  in  the  air  passing  through  the  radiator,  due  to  the 
higher  temperature  of  the  contents  of  the  radiator  than 
in  a  water-cooled  job. 

The  upper  portion  of  the  radiator  is  not  filled  with 
water,  but  serves  as  a  condenser.  If  a  shop  steam-line 
is  connected  to  the  bottom  of  an  ordinary  radiator  and  a 
powerful  electric  fan  is  placed  back  of  it,  no  steam  will 
pass  out  of  the  top.  If  the  fan  is  set  oscillating,  the 
steam  will  rush  out  in  a  2-in.  stream  the  instant  the  air 
blast  leaves  the  radiator  and  stop  the  moment  the  fan 
starts  the  airstream  again.  With  outlet-water  tempera- 
tures of  225  deg.  fahr.,  no  knocking  or  evidence  of  hot- 
spots  was  found,  but  the  engine  ran  decidedly  smoother 
than  with  water-cooling  and  outlet  temperatures  of  say 
190  deg.  fahr.  The  cylinder  walls  were  hotter  and  of  a 
more  uniform  temperature  with  the  steam  cooling-sys- 
tem, and  the  large  area  presented  to  the  incoming  charge 
as  the  piston  was  about  to  rise  on  the  compression  stroke 
was  many  times  greater  than  the  surface  one  could  se- 
cure in  a  hot-spot  on  the  intake  manifold.  The  time  ele- 
ment was  also  much  longer  when  vaporization  was  se- 
cured in  the  cylinder  itself. 

A  block  test  conducted  several  years  ago  with  a  type 
of  rotating  valve  showed  an  appreciable  increase  of  power 
and  it  was  decided  to  install  a  set  on  the  experimental 
truck  and  check  the  results  of  the  block  test.  The  ro- 
tating valves  on  the  city  running  gave  us  an  increase  of 
about  2  ton-miles  per  gal.,  but  on  the  country  run  the 
increase  was  11  ton-miles  per  gal.  The  varying  results 
that  a  given  change  would  show  on  the  city  and  the 
country  runs  was  one  of  the  interesting  phases  of  the 
various  changes  made  throughout  the  tests.  The  removal 
of  the  valve  rotators  on  a  check  run  showed  no  change 
for  3  days,  then  the  mileage  started  dropping  back 
toward  its  previous  figures,  but  promptly  came  back 
again  to  the  same  figures  when  the  rotators  were  placed 
in  service  again. 

General  Results 

Some  runs  were  taken  at  the  conclusion  of  the  tests 
to  determine  the  relative  effect  of  operating  with  still 
heavier  loads.  Increasing  the  total  weight  to  8  tons 
gave  89.6  ton-miles  per  gal.  on  the  city  runs  and  115.3 
ton-miles  per  gal.  on  the  intercity  runs.  To  determine 
just  what  portion  of  our  results  were  due  to  equipment 
and  what  portion  should  be  credited  to  the  driver's  skill 
in  the  manipulation  of  the  truck,  we  had  runs  made  by 
three  different  men,  none  of  whom  were  truck  drivers  or 
had  ever  driven  this  truck  before.  The  average  of  these 
three  men  was  110  ton-miles  per  gal.,  showing  that  a  rela- 
tively small  percentage  of  the  results  was  due  to  any 
especial  care  on  the  part  of  the  driver.  In  fact,  at  all 
times  we  endeavored  to  operate  the  truck  as  it  would  be 
operated  in  the  hands  of  an  average  driver,  as  we  de- 
sired to  establish  figures  that  could  be  duplicated  by  any 
drivers  of  average  ability  with  this  equipment.  [The  dis- 
cussion of  this  paper  will  be  found  on  p.  148.] 
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a  OINCE  the  tendency   at   the   fad    is   thr 

-ictor    in    the   development   of   power    and 
with  which   the  fuel   can  be  burned,  the 
aut>.  -his    phase  of    the   subject    with   the 

idea  of  laying  down  the  principles  on  which  better 
economy  can  be  attained  through  higher  compression. 
The  subject  is  discussed  in  regard  to  the  causes  of 
detonation  and  the  methods  of  controlling  them  be- 
cause detonation  limits  the  compression  at  which  an 
engine  can  run. 

The  phenomenon  of  detonation  is  analyzed,  the  au- 
■     being  that   increasing   the   temperature 
causes  an  increasing  frequency  of  radiant-energy  im- 
J  that,  finally,  it  reaches  a  point  where  the 
.t-ncy    corresponds    with    the   critical    rate    of    the 
-uns    that    bind    the    elements    together;    thus,    it 
breaks  them  asunder  and  then  the  velocity  attains  the 
highest  rate  possible  in  a  gas  of  that  density  and  tem- 
pera- 

The  causes  of  detonation  are  enumerated  and  the 
-.  ^ds  of  control  are  explained,  consideration  being 
given  also  to  hot-spots,  cooling  difficulties  and  turbu- 
lence as  controlling  factors.  A  staU?ment  is  made  of 
the  actual  compression  pressures  attained  without  de- 
tonation in  road  tests,  and  chart-;  showing  the  horse- 
power developed  and  the  fuel  consumption  are  pre- 
•ed. 

AT  present,  gasoline  is  a  drug  on  the  market;  how- 
l\  "-nd  is  toward  scarcity.    The  huge  stock 

X.    m.  i.vidends  of  the  oil  companies  are  an  economic 
iggle  to  meet  the  demand  on   na- 
tion., rces;    nothing,    therefore,    is    so    important 
ny   in  consumption.     A  high   duty   is   imposed 
on  !■  house  in  order  by 

for  the  conversion 
ergy  into  useful  work,  consistent  with  the 
iser  and  commercial  considerations. 
il    chassis    condition-    affecting    economy, 
.  have  been  stated;  hut 
ft  en  find  that  the 
when  applied  to  a  vehicle,  give 
■gallon  performance  than  a  poor  engine, 
dinated.    .-;ir:>»-  the  detona- 
tion of  the   fuel     -    the   limiting  factor  in   the 
effic                th  which  H  burned  and  the  power  de- 

•>r.  which  better  econ- 
'hrough  higher  compression.     De- 
ri at  which  an  engine  can 
ill  discuss  it  in  regard  to 
roll i ng  tl 
\  mericar.  made  an 

imonly  called 
It"     A  dull  thud,  which"  is 
pot  in  the  combustion-chamber 


■ 


and  is  related  only  to  the  detonation  because  a  detona- 
tion, if  persistent,  will  end  in  preignition.  But  a  detona- 
tion is  a  phenomenon  related  to  that  velocity  of  reaction 
which  produces  a  sharp  metallic  sound  from  the  cylinder- 
walls  and,  chemically  speaking,  is  a  reaction  of  such  a 
high  velocity  that  only  part  of  the  fuel  enters  into  it; 
usually,  the  carbon  fails  to  burn  in  the  part  of  the  mix- 
ture so  affected.  Physically  speaking,  when  this  knock 
occurs,  the  carbon  particles  glow  and  emit  radiant 
energy.  This  is  lost  as  useful  energy  and,  further,  it 
increases  the  temperature  of  the  hottest  spots  in  the 
cylinder,  through  the  medium  of  carbon  deposits.  Thus, 
a  vicious  circle  is  established  in  which  sections  of  the 
combustion-chamber  become  hotter  under  detonation. 
The  cause  and  the  effect  unite  to  bring  on  the  maximum 
effects,  which  are  more  violent  detonation,  preignition, 
further  deposit  of  carbon  and  higher  temperature,  with 
the  cycle  repeating  itself  to  the  point  where  a  heat  bal- 
ance is  established  temporarily,  the  gradual  tendency 
being  toward  a  hotter  engine,  until  it  is  impossible  to 
run  the  engine. 

Many  attempts  to  explain  this  phenomenon  have  been 
made  considering  the  subject  from  the  viewpoints  of  the 
chemist,  the  old  school  of  physicists  and  the  new  school. 
My  view  is  that  increasing  the  temperature  causes  an 
increasing  frequency  of  the  radiant-energy  impulses  and 
that,  finally,  it  reaches  a  point  where  the  frequency  cor- 
respond- with  the  critical  rate  of  the  electrons  binding 
the  elements  together;  thus,  it  breaks  them  asunder  and 
then  and  there  velocity  attains  the  highest  rate  possible 
in  a  gas  of  that  density  and  temperature. 

Detonation  Causes 

We  have  held  the  opinion  set  forth  by  Thomas  Midg- 
ley,  Jr."  for  some  time;  namely,  that  three  factors  con- 
trol the  weight  of  mixture  consumed  by  the  flame  in  a 
given  time,  in  a  uniform  cross-section.  These  three 
factors  are 

i 1 1  'I'lic  reaction  coefficient,  which  is  characteristic  of  a 
fuel  and  is  related  entirely  to  the  force  diagram 
in  which  the  electrons  of  the  fuel  are  arranged 

(2)  Some  power  of  the  density  of  the  fuel  in  the  mix- 
t  u  re 

(■':)   Some  power  of  the  absolute  temperature 

ated  in  every-day  language,  if  a  53-deg.  Baume  gaso- 
line i  tried,  it  probably  will  knock  easily  because  it  is 
composed  of  paraffines,  which  seem  to  be  the  least  stable 
ot  all  our  common  fuels;  and,  because  it  is  so  heavy,  it 
will  have  large   molecules  that  are  also  considered  less 

ile  than  the  lighter,  simpler  ones.  The  reaction  co- 
efficient,  A',  will  then  be  very  high,     [f  a  fuel  of  the  Navy 

ification  Es  used  there  will  be  less  tendency  to  knock, 
but  still  it  will  be  bad  enough.  With  fuels  of  very  high 
Baume'  readings,  the  fuel  will  have  less  tendency  to 
knock,  due  to  its  simpler  structure.  If  olefines  and  tiaph- 
thenes   and   aromatics  are   tried,   the   last   being   toluol, 
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xylol,  benzol  and  their  derivatives,  they  will  be  found  to 
be  more  and  more  stable  and  will  not  knock.  The  only 
difference  in  these  fuels  is  the  decreasing  tendency  to 
knock,  so  far  as  we  are  concerned  with  the  running  of 
the  engine;  all  other  conditions  are  practically  the  same, 
which  is  due  to  the  reaction  coefficient  of  the  fuel  as  a 
chemical.  Alcohol  is  among  the  most  stable  of  all  fuels 
and  benzol  has  been  run,  by  W.  S.  James  and  S.  W.  Spar- 
row, in  a  Liberty  single-cylinder  engine  at  a  compression- 
ratio  of  14  to  1  at  the  Bureau  of  Standards  without  de- 
tonation, as  against  our  common  ratio  of  4  to  1. 

Under  the  effects  of  density,  all  are  familiar  with  the 
fact  that  when  the  mixture  is  lean,  the  compression  low 
and  the  throttle  closed,  the  engine  will  not  knock.  If  we 
open  the  throttle  wide,  the  engine  may  not  knock  until 
a  certain  speed,  usually  about  600  r.p.m.,  is  attained.  The 
engine  will  knock  the  richer  the  mixture  becomes,  until 
it  becomes  over-rich ;  then,  the  surplus  fuel  acts  like 
any  diluent  or  anti-knock  compound  and  subdues  the 
knock,  very  much  at  the  cost  of  fuel  economy.  So  far  as 
the  density  is  concerned,  the  more  fuel  there  is  in  the  air, 
at  or  below  the  perfect  mixture-ratio,  and  the  more 
weight  of  mixture  there  is  in  a  cubic  inch,  the  greater 
the  tendency  to  knock  will  be.  Usually,  this  is  merely 
manifested  to  the  user  by  knocking  when  the  throttle  is 
open,  at  the  speeds  of  maximum  volumetric  efficiency  and 
high  load.  At  a  higher  speed,  where  the  restriction 
through  the  valves  hinders  the  fuel  charge  from  entering, 
the  weight  per  cubic  inch  of  charge  is  less.  So  far  as  the 
engine  design  is  concerned,  the  ratio  of  the  volume  when 
the  piston  is  down  to  the  volume  when  the  charge  is  com- 
pressed is  the  fixed  condition  which  primarily  establishes 
the  density  under  all  conditions.  Several  factors  de- 
termine the  density  of  the  charge,  which,  when  it  attains 
a  certain  critical  value  with  a  given  reaction  coefficient 
and  temperature,  will  cause  detonation. 

Because  there  are  a  great  many  factors  aside  from  heat 
that  establish  the  density,  and  since  the  compression- 
ratio  is  the  most  important  factor  in  economy,  we  must, 
therefore,  suppress  all  other  factors  as  far  as  possible  so 
that  the  compression-ratio  may  be  as  large  as  possible. 
The  following  conditions  affect  the  factor  of  density  and 
must  be  held  as  low  as  possible: 

(1)  Mixture-Ratio. — The  lowest  ratio  possible  is  con- 

trolled in  a  single-cylinder  engine  by  the  mix- 
ture-ratio at  the  spark-plug  that  will  ignite 
promptly.  In  a  multiple-cylinder  engine,  it  is 
controlled  by  a  ratio  such  that  the  mixture  in 
the  cylinder  that  gets  the  least  mixture  will 
ignite.  This  means,  with  bad  distribution,  that 
it  is  impossible  to  get  low  economies 

(2)  Valve  Opening. — This  must  be  as  small  as  possible, 

so  as  to  give  a  high  velocity  through  the  orifice 
to  aid  vaporization.  This  is  true  also  of  intake- 
manifold  area ;  it  is  also  true  of  the  carbureter 
venturi-size  which,  together  with  the  valve  tim- 
ing and  the  intake-gas  temperature,  determine 
the  volumetric  efficiency  of  the  engine  and  hence 
its  actual  gage  compression.  With  all  these 
factors  suppressed  and  the  mixture-ratio  as  low 
as  is  practicable,  the  highest  possible  compres- 
sion-ratio can  be  used 

Speed  of  course  affects  the  volumetric  efficiency  or  the 
weight  of  the  charge  entering  and,  to  have  a  high  torque 
over  a  considerable  range,  it  is  necessary  to  have  such  a 
high  charge-weight  at  full  throttle  and  at  slower  speeds 
that  the  density  is  higher  than  the  temperature  condi- 
tions warrant  to  avoid  detonation.  Thus,  to  avoid  detona- 
tion over  a  short  range  of  slow  speeds,  the  compression- 


ratio  usually  is  reduced  unduly.  With  the  mixture-ratio 
at  a  minimum,  with  the  temperature  condition  a  mini- 
mum and  with  all  other  density  factors  held  down,  the 
compression-ratio  can  be  maximum.  This  is  the  con- 
dition of  the  maximum  indicated  economy  with  a  given 
fuel. 

Friction  horsepower  and  the  pumping  losses  vary  with 
the  speed,  and  these  are  the  final  conditions  that  de- 
termine the  economies  at  various  loads  and  speeds.  Aside 
from  these  conditions,  a  leaky  valve  and  piston-ring  com- 
bination shows  a  decided  loss  in  the  actual  compression 
in  the  average  engine.  We  have  found  it  possible  to  in- 
crease the  actual  gage-compression  6  lb.  by  a  better  com- 
bination of  piston  and  ring,  and  a  further  improvement 
of  3  to  4  lb.  on  the  gage  was  obtained  by  securing  a  better 
seating  of  the  valves.  From  these  improvements  alone, 
economy  is  certain. 

It  is  commonly  known  that  the  engine  will  knock  when 
the  combustion-chamber  is  hot  or  when  the  air  or  the 
mixture  is  heated  unduly  before  it  enters  the  cylinder. 
We  thus  have  considered  all  the  factors  that  control  de- 
tonation in  view  of  our  every-day  experiences.  Scien- 
tifically stated,  they  are:  first,  the  reaction  coefficient, 
which  is  a  function  of  the  structure  of  the  fuel;  second, 
the  density,  which  is  the  weight  per  unit  volume  at  the 
time  the  spark  jumps;  and  third,  the  absolute  tempera- 
ture of  the  fuel  at  the  moment  of  ignition,  which  deter- 
mines its  maximum  temperature  at  all  points  in  the 
cylinder  and,   for  our  purpose,  the  temperature   of  the 
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■■•uut   Shad::  Hbad   in    Which 

I      DIS- 
TANCES   TO    THE     MOST    REMOTE    SECT 

It  is  the  product  of  all  these  that 
be  critical  state  under   which   we   have  de- 

■ 

Detonation  <'<.ntrol 

made  the  broad  assumption  that,  to  be  of  valui 
-de   field  of   usefulness  and  distribution,  an  engine 
would  have  to  use  a  fuel  of  about  Red-Crown  gasoline 
char  -.  this  fuel  representing  about  the  limit  of 

what  we  would  expect  to  burn  effectively,  considering  the 
matter  from  a  detonation  and  vaporization  standpoint 
and  that  of  our  present  knowledge.  We  assumed  further 
that  the  greater  part  of  the  gasoline  production  was 
turned  out  by  the  large  producers  and  was  fairly  uniform 
in  composition;  hence,  that  the  reaction  coefficient  was 
practical;  'ant  and  could  be  eliminated  from  our 

ation.     All    other    fuels    with    be-  bility 

-ratio  detern  of  the   fac- 

n  the  di  .nd  therefore  the  efficiency  of  any 

engi:  mportant  that  we  examine  very  thoroughly 

the  •  of  detonation  that  limit  compres- 

•plishment  is  in  controlling  the  re- 
Known  as  K  in  the  equations  used  in 
reducing   it   increases  the  com] 
>•  ire,  or  both.     Our  particular  effort  has 

design  will  subdue  de- 
tona'  :.d  thus  allow  an  increase  in  com- 

the  fundamental  necessity  for  high 
ip    to    the    relationship   of 
I 
i-   well  known,  the  efficiency  of  a   heat   engine   in- 
n-ratio,   sometimes   railed    the 
com;  ,r  /.'   !.  according  to  the  upper  curve 

This  is  known  as  the  air-cycle  efficiency.     It 


is  not  possible  to  attain  this  efficiency  in  practice,  be- 
cause the  actual  working  fluid  varies  from  the  ideal  air 

assumed  in  the  equation.  Various  deviations  from  th<' 
true  cycle,  losses  due  to  changing  specific  heat  of  the 
working  fluid,  dissociation  of  the  products  of  combustion 
and  losses  by  radiated  heat  to  the  walls  of  the  com- 
bustion-chamber, cause  a  further  loss.  Experience  has 
taught  us  that  these  losses  bring  the  actual  efficiencies 
down  to  those  of  the  lower  curve  in  Fig.  1.  Therefore, 
our  problem  becomes  the  simple  one  of  designing  a  prac- 
tical engine  in  which  the  cumulative  effect  of  the  heat  of 
compression,  the  temperature  of  the  incoming  charge. 
the  temperature  of  the  products  of  combustion  left  in  the 
cylinder  and  the  temperature  of  the  hottest  areas  in  the 
cylinder  allow  a  compression  such  that  the  engine  oper- 
ates just  short  of  detonation  under  the  most  adverse 
practical  conditions.  Simply  stated,  if  we  can  suppress 
the  charge  temperatures  a  little,  we  can  increase  the 
compression  considerably. 

i  onsidering  the  above  categories,  we  are  entirely  help- 
less to  influence  the  heat  of  compression,  as  this  is  a 
physical  characteristic  inseparable  from  the  condition. 
We  are  able  to  control  the  temperature  of  the  incoming 
charge  within  certain  limitations  imposed  by  the  design 
of  the  manifold,  the  volatility  of  the  fuel  and  the  tem- 
perature of  the  atmosphere.  This  is  covered  by  J.  B. 
Fisher,  in  his  paper3  One  Hundred  Ton-Miles  per  Gallon, 
and  is  a  very  important  matter.  Most  attempts  at  im- 
proving the  vaporization  of  our  fuels  that  are  low  in 
volatility  have  been  confined  largely  to  heating  the  fuel 
either  by  first  heating  the  air  or  by  hot-spots  located  in 
the  intake  passages  so  as  to  be  in  the  path  of  the  liquid 
fuel  gathered  on  the  walls.  Whatever  has  been  the 
method,  it  has  been  difficult  if  not  impossible  to  keep 
the  sensible  temperatures  down  and,  invariably,  whenever 
sufficient  to  affect  the  vaporization  in  the  manifold  ap- 
preciably, the  incoming  charge  is  so  high  in  temperature 
as  to  force  the  use  of  unfavorably  low  compressions. 
The  loss  in  thermal  efficiency  in  these  cases  invariably  is 
greater,  when  the  compression  is  adapted  to  the  high 
mixture-temperature,  than  the  gain  in  the  carburetion 
efficiency.  At  the  high  speeds  and  with  the  high  throttle- 
openings,  engines  suffer  a  loss  of  power  due  to  the  low 
volumetric-efficiency  imposed  by  the  high  intake-tem- 
peratures that  are  associated  with  hot-spot  designs. 

The  intake  ^is-temperatures  have  a  great  influence  on 
the  maximum  temperature  attained  in  the  explosion,  and 
this  is  one  of  the  determining  factors  in  establishing 
the  compression-ratio  that  is  possible  without  detonation. 
The  product  of  some  power  of  the  density  of  the  charge 
and  the  same  power  of  the  absolute  temperature  must 
be  within  some  maximum  limiting  amount. 

Experiments,  which  are  discussed  in  Mr.  Fisher's 
paper,  have  proved  that,  as  between  a  hot-spot  system 
with  a  cool  combustion-chamber  and  with  a  cold  intake 
mixture  and  a  uniformly  hot  combustion-chamber,  the 
latter  is  preferable,  from  both  the  vaporization  stand- 
point and  from  the  standpoint  of  efficiency,  as  it  allows  a 
valuable  increase  in  the  compression. 

This  brings  us  to  the  temperature  of  the  products  of 
combustion  left  in  the  cylinder.  This  is  affected  largely 
by  the  initial  temperatures,  the  completeness  of  com- 
bustion at  the  time  of  closing  the  exhaust  and  the  tem- 
peratures of  the  hot-spots. 

Henry  M.  Crane,  E.  A.  Johnston  and  others  frequently 
have  stated  their  belief  that  the  most  effective  place  to 
vaporize  is  in  the  cylinder.  This  has  been  very  apparent 
in  all  tests  where  a  wide  variation  of  intake  temperatures 
did  not  improve  the  carburetion  efficiency. 
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Fig.    3 — Chart   Showing   the   Power   Developed,    the   Power   Re- 
quired to  Drive  the  Truck  and  the  Fuel  Economy  Obtained 

Hot-Spots  as  Control  Factors 

The  hot-spots  in  the  combustion-chamber  are  the  most 
important  conditions  under  the  control  of  the  engineer 
and  offer  an  immense  field  for  study  and  use.  It  has 
been  pointed  out  many  times  before  that  the  inherently 
high-temperature  spots  in  a  cylinder  are  as  follows : 

(1)  First,   the    spark-plug    electrodes,   because  of  the 

adiabatic  compression  that  surrounds  the  spark- 
plug during  the  entire  duration  of  the  explosion. 
Second,  the  unfavorable  opportunity  to  cool  its 
sections;  that  is,  to  cool  the  center  electrode 
through  the  insulating  material  and  the  threaded 
sections  of  the  spark-plug  to  the  water-jacket, 
and  due  also  to  the  distance  of  the  central  elec- 
trode from  the  cooling  air.  In  connection  with 
the  spark-plug,  we  have  found  that  there  are  a 
number  of  very  good  plugs  that  cool  very  well 
and  give  excellent  account  of  themselves  under 
practical  conditions 

(2)  The   exhaust-valve   runs   at   red   heat   under   high 

load,  particularly  if  the  seat  is  imperfect.  It  is 
through  the  seat  that  most  of  the  heat  is  col- 
lected as  well  as  dissipated.  One  of  the  most 
striking  effects  of  turbulence  is  that,  even 
though  the  exhaust-valve  runs  hot  and  has  at 
times  glowing  particles  on  its  surface,  yet  there 
may  be  and  usually  is  no  preignition  because 
the  gases  are  moving  so  rapidly  over  the  sur- 
faces of  the  valves.  We  have  adopted  a  valve 
rotator  so  as  to  distribute  the  inequalities  of  the 
temperature  and  the  surface  and,  by  always 
seating  in  another  place,  reducing  the  permanent 
effects  of  local  difficulties 

(3)  The   temperature    of   the   piston,   particularly   the 

piston  center,  the  piston  wall  and  the  piston- 
ring  temperatures,  are  very  important  elements 
in  the  operation  of  an  engine.     Mr.  Fisher  men- 


tions these  temperatures  in  his  paper,  in  connec- 
tion with  their  vaporizing  effects  and,  as  such, 
the  piston  presents  the  surface  of  the  greatest 
value  for  that  purpose,  because  of  its  area  as 
well  as  its  temperature.  In  connection  with  the 
piston,  we  have  found  it  necessary  to  adopt 
aluminum  pistons.  We  have  followed  the  prac- 
tice that  was  first  adopted  in  aviation  in  this 
Country  and  in  Europe:  namely,  a  piston  of  the 
best  alloy  and  ample  head  and  ring  sections  to 
carry  off  the  heat  to  and  through  the  rings 

As  valuable  as  all  these  hot  surfaces  are  as  vaporizing 
elements,  yet  they  often  are  too  hot  to  effect  vaporization 
because  no  liquid  can  spread  on  their  surfaces  at  the 
temperature  usually  found.  Any  fuel  that  rests  here 
assumes  the  spheroidal  state  and  thus  the  vaporization 
is  delayed  greatly  and  is  of  questionable  value.  From  a 
vaporization  standpoint,  therefore,  it  is  of  importance 
to  hold  these  surfaces  at  a  low  relative  temperature. 

When  it  comes  to  the  question  of  detonation,  these  sur- 
faces are  so  disturbing  as  actually  to  control  the  question 
of  the  compression-ratio,  other  factors  being  the  same. 
It  is  apparent  that  nothing  short  of  the  lowest  possible 
temperatures  of  these  parts,  under  the  most  severe  con- 
ditions of  running,  is  acceptable. 

Cooling  Difficulties 

Aside  from  these  well-known  and  well  defined  hot  sur- 
faces in  the  combustion-chamber,  we  must  refer  to  some 
of  the  difficulties  in  cooling-water  circulation  that  some- 
times produce  hot-spots.  When  there  are  pockets  that 
give  no  easy  escape  of  the  rising  water,  or  that  cause 
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tons  from  the  lack  of  an  unobstructed  Bow  up- 
ward, then  the  water  is  forced  from  u  hot-spot  by  beteh- 
■  hen  the  water  returns,   the  surface   is 
it  it  bounces  off  with  little  cooling  effect.     Thus 
and  spreads  and  can  be  the  cause  of 
•i ;    often,    it    is    most    difficult    to    tind    because 
DO  such  distinctive  marks  on  the  cylinder-wall 
as  appear  when  a  piston  or  an  exhaust-valve  is  too  hot. 

■!i   of   cooling    is    in    use.    there 
appears  to  be  a  more  uniform  temperature  of  all  parts; 
mum  temperatures  are  lower  and  the  average  is 
higher    and    more    uniform.      This    is    exactly    what    is 
favorable  for  high  compression.     Hot   intake-gases  and 
-    in   the  combustion-chamber  are   the  curse   of 
high  compressions.     The  hot  surfaces,  presenting  large 
-  to  radiate  heat,  produce  very-  sensitive  volumes  in 
the  combustion-chamber  which,  when  approached  by  the 
on-coming  flame-crest,  burn  at  the  high  velocities  that 
characterize  a  detonation.    Reducing  the  temperatures  of 
■  areas  reduces  the  volume  of  these  sections  by  draw- 
ing in  the  critical  isothermal  running  over  the  hot  sur- 
face, thus  reducing  the  volume  of  mixture  susceptible  to 
detonation. 

Turbulence 

have  adopted  a  specially  shaped  modified  Ricardo 
head  of  approximately  the  section  shown  in  Fig.  2,  which 
varies  with  the  speed  desired  in  a  particular  surface.  In 
this,  the  spark-plug  is  located  so  that,  as  far  as  the  large 
percentage  of  the  mass  of  the  mixture  is  concerned,  it  is 
in  such  a  position  as  to  be  very  close  to  all  sections  and 
the  distances  to  the  most  remote  sections  are  uniform. 

So  far  as  temperature  is  concerned,  we  can  now  men- 
tion all  the  factors  that,  if  controlled,  aid  in  establish- 
ing conditions  permitting  high  compression. 

1 1 1   Cool  intake  gases 
Cool  spark-plug 
Cool  piston 

•'.  i-xhaust-val . 

•  1  y    cool    portions    of    combustion-chamber 
walls 
I    Turbulence 

have  been  able  to  reach  a  5-to-l  compression-ratio 
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and  a  104-lb.  per  sq.  in.  compression-pressure  without 
detonation  in  a  job  on  the  road.  With  a  water-cooling 
system  we  have  been  able  to  run  in  hot  weather  without 
a  fan  and  with  a  regular  pump.  By  the  better  control 
of  the  maximum  temperature  we  have  been  able  to  run 
with  lighter  oils  and  to  run  longer;  thus,  by  reducing 
the   mechanical   losses,   we   Increase   the  lubricating-oil 

mileage  as  well  as  gasoline  mileage.  We  have  been  able 
to  make  the  miles  per  gallon  and  ton-miles  per  gallon  in- 
dicated on  the  charts  in  Figs  8  to  5.  Fig.  3  shows  the 
horsepower,  with  the  economy  obtained  and  the  power 
required;  Fig.  1  shows  the  fuel  consumption  in  miles  per 
gallon  and  ton-miles  per  gallon  for  intercity  work;  and 
Fig,  .">  shows  the  mileage  per  gallon  on  stop -and-start 
work  in  city  traffic. 

THE  DISCUSSION 

R.  B.  Hall: — When  you  use  a  steam  radiator,  do  you 
also  use  any  special  kind  of  heated  intake-manifold  or 
just  the  plain  manifold?  In  reference  to  the  transmis- 
sion and  the  rear  axle,  have  you  ever  tested  in  regard  to 
the  heating  of  the  oil  to  any  extent  in  winter? 

11.  L.  Horning: — We  do  not  use  a  heated  manifold 
with  the  steam  system.  Heating  of  the  transmission  ami 
rear-axle  oil  actually  does  occur.  It  happened  to  me 
while  driving  here.  When  we  started,  I  had  difficulty  in 
shifting  to  second  gear;  when  we  arrived,  the  gears 
shifted  so  easily  that  I  thought  I  had  lost  my  transmis- 
sion oil.  It  took  heat  to  do  that.  Heat  is  the  energy  that 
is  driving  the  car  and  the  energy  which  is  in  the  shaft 
was  converted  into  heat  in  the  transmission  and  in  the 
rear  axle  and  then  radiated ;  that  heat  goes  out  as  abso- 
lutely lost  energy.  If  you  have  these  lubricants  thin 
enough  so  that  you  do  not  need  to  heat  them  up  to  make 
them  thin,  mechanical  losses  are  low.  It  should  be  re- 
membered that  viscosity  is  internal  friction.  Recently, 
in  St.  Louis,  a  test  run  between  one-third  and  full  speed 
showed  a  difference  of  from  3  to  8  hp.  lost  in  the  trans- 
mission itself.     That  was  in  warm  weather. 

J.  G.  Zimmerman: — It  is  evident  that  the  spark-plug 
threads  do  not  carry  the  heat  through  very  well.  Has 
an  experiment  been  made  using  plugs  of  larger  diameter 
with  a  correspondingly  larger  area  to  carry  the  heat 
away?  How  about  allowing  the  incoming  air  from  the 
carbureter  or  the  manifold  to  strike  the  spark-plug  to 
cool  it  or  as  a  means  of  helping  to  cool  it? 

Mr.  Horning: — A  body  will  radiate  a  certain  amount 
of  heat  per  square  inch  of  surface  at  a  given  tempera- 
ture. In  a  spark-plug,  a  piston  or  a  combustion-cham- 
ber, the  thinK  to  strive  for  is  a  large  volume  with  a  rela- 
tively small  surface.  The  section  that  we  use  over  the 
piston  is  just  as  thin  as  we  can  make  it  because  we  find 
that,  whatever  we  sacrifice  in  the  volume  of  mixture  we 
eliminate  from  the  effective  pressure  because  that  volume 
burns  too  late  and  constitutes  one  of  the  sacrifices  that 
we  must  make  to  use  the  combination.  Using  the  in- 
coming air  to  cool  the  spark-plug  is  an  excellent  sug- 
gestion ;  some  combustion-chambers  depend  entirely  on 
that.  One  in  particular  is  called  the  pent-roof  head.  It 
has  a  head  like  the  one  shown  in  Fig.  G.  When  the  in- 
take opens  the  cool  charge  impinges  on  the  spark-plug, 
and  it  does  tend  to  keep  it  cool. 

C.  E.  Sargent: — These  papers  show  the  absolute  ne- 
cessity of  looking  after  the  small  points.  It  seems  that 
they  have  taken  into  consideration  every  little  thing  that 
helps  in  the  efficiency  and  have  taken  care  of  it,  which  is 
a  very  good  rule  to  follow  when  a  high  efficiency  is  de- 
sired.     Mr.    Horning   stated    that   these   little   hot-spots 
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caused  by  the  spark-plug  and  the  valve  and  other  things 
would  prevent  detonation  if  eliminated.  How  can  they 
have  any  effect  on  detonation  after  inflammation  has 
started?  It  seems  to  me  that  the  elimination  of  the  hot- 
SDOts  would  prevent  premature  ignition  but  that,  after 
the  inflammation  has  started,  the  hot-spots  would  have 
nothing  to  do  with  the  detonation,  the  flame  being  very 
much  hotter  than  the  plugs  themselves  or  any  other  hot- 
spot  in  the  vicinity  of  the  combustion-chamber. 

Mr.  Horning: — The  particles  of  gas  over  a  piston  or 
any  very  hot  sections  are  ready  to  detonate  when  the 
hot  flames  approach  them.  If  you  were  to  study  piston 
temperatures  and  draw  an  isothermal  line  over  it  accord- 
ing to  the  temperatures  of  the  piston,  the  isothermal 
line  would  bulge  over  the  center.  ^  If  we  know  the  tem- 
perature above  which  we  have  detonation,  then  we  have 
a  volume  of  gas  below  this  line  which  is  sure  to  be  in- 
volved in  detonation  under  such  conditions.  The  object 
in  making  a  cool  piston  is  to  draw  that  isothermal  line 
down  so  that  we  have  a  less  volume  of  gas  at  critical 
temperatures.  When  the  flame  starting  from  the  spark- 
plug approaches  this  volume,  the  ultra-violet  rays  reach 
out  and  set  it  off  with  a  high  velocity.  The  entire  com- 
bustion-chamber is  never  involved  in  detonation.  It  is 
always  some  section  like  that,  over  the  exhaust-valve  or 
some  uncooled  spot  in  the  water-jacket.  In  designing 
combustion-chambers,  the  spark-plug  should  be  an  equal 
distance  from  the  hot-spots  so  that  the  flame  will  have 
traveled  a  distance  that  is  a  minimum  to  reach  these 
points. 

Surface-to-volume  ratio  is  very  important.  Mr. 
Ricardo  told  me  a  year  ago  that  he  tested  two  engines  of 
exactly  the  same  size  and  exactly  the  same  displacement. 
He  found  that  there  was  absolutely  no  difference  in 
horsepower  and  many  other  characteristics.  Between  a 
typical  L-head  engine  and  an  overhead-valve  engine  at 
slower  speeds,  the  heat  loss  was  more  at  the  moderate 
and  at  the  higher  speeds. 

A  Member: — Mr.  Horning  made  special  mention  of 
the  importance  of  the  engine  accessories.  Why  do  not 
the  engine  builders  furnish  the  accessories  that  they 
deem  advisable  for  a  certain  make  of  engine? 

Mr.  Horning: — The  reason  is  that  nobody  will  pay 
the  engine  builder  a  profit  on  them.  Another  reason  is 
that  the  engine  profits  are  so  small  that  we  cannot  afford 
to  send  long  distances  to  change  defective  accessories. 
There  are  so  many  kinds  of  accessories  that  the  engine 
builder  would  be  faced  with  an  enormous  inventory  in- 
vestment on  which  there  was  no  profit. 

A.  Y.  Dodge: — What  is  your  analysis  of  the  chief  rea- 
son that  you  have  been  able  to  overcome  carbonization? 
You  laid  stress  on  the  importance  of  cooling  the  surface 
of  the  combustion-chamber;  how  do  you  keep  this  surface 
clean  ? 

Mr.  Horning: — The  chief  cause  of  carbonization  is 
the  carbon  particles  that  glow  during  detonation  but  do 
not  enter  the  combustion ;  when  they  get  through  glow- 
ing they  drop  dead,  remain  on  the  piston  and  all  around 
it  and  cause  trouble.  If  we  prevent  detonation,  we  can 
continue  indefinitely  without  carbonization.  If  the 
piston  is  cool  enough  on  the  surface,  the  lubricating  oil 
will  not  disintegrate.  If  we  can  keep  the  temperatures 
of  the  piston  low,  we  can  continue  almost  indefinitely 
without  breaking  down  the  oil  or  without  this  irregular 
combustion.  Detonation  is  to  a  regular  flame  as  a 
strike  is  to  industry;  a  lot  of  energy  is  expended,  but 
nothing  but  trouble  is  given  back.  Trouble  is  caused  by 
the  carbon  deposited  by  detonation,  and  nothing  is  given 
in  return  for  it. 


INTAKE 


Fig.    6 — A    So-Called   Pent-Roof   Tttb   of    Combustion-    Chamber 
i.v  Which  the  Incoming  Air  Is   Used  To  Cool  the   Spark-Plug 

W.  S.  Harley: — In  speaking  of  piston-rings,  Mr. 
Horning  intimated  that  it  is  possible  by  design  to  get  a 
better  transmission  of  heat.  To  what  sort  of  rings  did 
he  refer? 

Mr.  Horning: — It  is  not  a  matter  relating  to  any 
particular  ring  but  a  matter  of  following  the  funda- 
mentals. "First,  we  must  have  enough  metal  in  the  head 
to  conduct  the  heat  entering  the  top  of  the  piston  to  the 
surfaces  of  the  ring  on  the  groove  side,  which  conducts 
the  heat  into  the  ring,  and  enough  surface  on  the  ring 
to  conduct  the  heat  over  to  the  water-jacket  through  the 
oil  film.  We  must  have  a  balance  between  these.  The 
important  thing  in  piston  and  ring  construction  is  the 
fit  between  them,  because  the  heat  path  is  through  these 
surfaces. 

A  Member: — Mr.  Horning  has  given  as  the  result  of 
experiments  that  the  heat  would  not  pass  through  from 
one  spark-plug  screwed  into  another.  The  reason  must 
be  that  there  is  an  infinitesimal  space  between.  On  the 
other  hand,  he  stated  that  the  transmission  of  heat  from 
the  piston  to  the  outside  could  come  only  through  the 
piston-ring.  There  we  have  that  space  condition  ac- 
centuated. Why  should  not  heat  pass  through  in  one  in- 
stance when  it  does  in  the  other? 

Mr.  Horning: — You  refer  to  the  conduction  of  heat 
through  a  gas  film  between  the  exhaust-valve  and  the 
cylinder,  where  it  wag  stated  that  a  gas  film  is  unde- 
sirable, as  well  as  between  the  threads  of  a  spark-plug 
and  the  wall  into  which  it  is  screwed.  In  the  spark-plug, 
unfortunately,  we  have  a  layer  of  gas  between  the 
threads,  as  is  also  the  case  between  the  exhaust-valve 
and  the  cylinder-wall.  When  we  want  a  warm  house  we 
put  an  air  space  in  the  wall  of  the  house.  A  thermos 
bottle  is  the  best  example  of  an  air-gap.  On  the  cylin- 
der-wall we  do  not  have  a  gaseous  medium;  we  have  a 
liquid  medium  which,  we  all  know,  is  bad  enough  in  re- 
gard to  conducting  heat.  Lubricating  oil  is  better  than 
the  gaseous  medium,  and  that  is  the  reason  we  have 
trouble  in  conducting  heat  away  from  the  spark-plug  and 
not  from  the  piston  to  the  cylinder-wall.  Sometimes, 
when  the  piston  is  hot  enough,  the  oil  is  so  thin  that  the 
hot  gases  flow  by  and  a  vicious  circle  is  established  in 
which  the  piston  gets  hotter  from  the  hot  gases,  the  vis- 
cosity of  the  oil  gets  lower  and  more  hot  gases  go  by,  and 
a  gas  gap  and  not  a  liquid  gap  prevents  the  escape  of  the 
piston  heat ;  then  the  temperature  rises  until  the  engine 
stops  from  preignition. 

Mr.  Coleman,  of  the  Madison  Kipp  Co.,  took  one  of  our 
old  engines  that  knocks  badly,  equipped  it  with  his  oil- 
ing system  and  stopped  the  knocking.  The  only  reason 
the  engine  stopped  knocking  is  that  he  succeeded  in  in- 
troducing an  oil-film  that  had  viscosity  to  it.    He  put  in 
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irop  at  a  tin..  pped  the  hot 

gases   from  coming  down;   thus,   the  entire  piston   was 
ool. 
A  Member: — What  u  Mr.  Horning  had  with 

.ri  opening  between  the  intake  and  the  cylinder- 
head?    How  does  he  control  the  flow  of  the  water  through 
;p  so  as  always  t  earning  condition 

linder? 
Mr.  Horning: — The  effect  is  to  cause  better  distribu- 
tion.    Venturis  help  in  distribution.    We  found  that  the 
method  is  to  make  an  intake-manifold  that   is  uni- 
form in  cross-section  and  small  and  keep  the  gas  speeded- 
up.  -pect  to  controlling  the  water  supply  in  the 


Steam  system,  we  must  admit  ignorance  about  that.     We 
just  put  it  on  and  it  worked. 

A  Member: —  Is  the  combustion  space  immediately  over 
the  piston  just  a  mechanical  clearance?  What  has  Mr. 
Horning    found    regarding    the    durability    of   aluminum 

MS? 

Mr.  Horning: — I  have  answered  the  question  about 
the  clearance.  If  you  get  the  section  about  \\  in.  or  5  16 
in.  thick,  the  detonation  is  very  bad;  if  we  make  the  sec- 
tion thin,  the  detonation  will  not  be  so  bad.  Aluminum 
pistons  having  a  proper  amount  of  metal  and  properly 
cooled  appear  to  resist  wear  equally  as  well  as  iron  pis- 
tons do  when  the  vaporization  is  fairly  good. 


AMERICAN  AERONAUTICAL  SAFETY  CODE 


rpHK  project  for  establishing  a  safety  code  for  aeronautics 
1  -ring   the    past   year   taken   concrete   form   and   its 

form  .  progress.     The  work   is  being  pur- 

according  to  the  scheme  of  procedure  of  the  American 
Engineering  Standards  Committee  which  in  1920  recognized 
.  jreau  of  Standards  and  the  Society  of  Automotive  En- 
ginee  nt  sponsors   for   the   project  according   to   the 

that  committee  governing  work  of  this  character. 
A  Sectional  Committee  to  handle  the  technical  work  was 
■  d  during  1921  and  at  a  meeting  in  New  York  City  on 
•  he  permanent  organization  of  this  committee 
e  officers  being:  Chairman,  H.  M.  Crane,  So- 
\utomotive    Engineers;    Vice-Chairman,    Joseph    S. 
..  Advisory  Committee  for  Aeronautics;  Secre- 
tary, M.   •  Bureau  of  Standards;    Assistant   Secre- 
Arthur    Halsted,    Bureau    of    Standards.      Five    sub- 
re  constituted,  membership  in  which  was  sub- 
;>ointment  by  the  Chairman  and  was  not  limited  to 
>f  the  Sectional  Committee.     These  subcommittees 
appointed  to  deal  respectively  with  the  following: 

Airplane  Structure,  including  design,  construction 
and  test 

Powerplants  for  Aircraft,  including  design,  as- 
sembly and  test 

Equipment  and  Maintenance  of  Airplanes  in  Ser- 

r.an-Air    Craft,    including    balloons,    air- 
-    and    parach 

md  Traffic  Rules,  including  signals  and 
qualifications  for  pilots 

.\    Committee   is   composed    of   representatives 
•  e  following  organizatio- 

it  of  America 
nautical  I 

]      -;ng  Mater 
^n  Inst  it  i.  trial   Engin-  • 

:n  Society  of  Mechanical  Engine. 
Arr  of        fety  Engineers 

<au  of  Standards 
.ce 
Manufacturers  Aircra-'  ;'ion 

-.    -ociation 
-     ■     mm  •••  •    for  Aerona  i 
Association 
[ 

nent 

America 
•  itomotive  Eag  Inc. 

.   Inc. 
:  iard 
•  art  men  t 
Bureau 
The   work    is  intended   as   a  cooperative   research  for   the 


establishment  of  engineering  safety  standards  in  aeronautics, 
by  which  the  relative  merits  or  safety  of  aircraft,  air- 
dromes or  their  operation  might  be  judged  with  uniformity 
by  different  individuals.  The  work  was  started  with  a 
synopsis  of  a  safety  code  and  preparatory  draft  made  up 
from  a  study  of  rules  and  recommendations  already  in  ex- 
istence in  aeronautical  literature  or  compiled  by  various 
organizations  for  their  own  use.  The  subcommittees  have 
studied  and  amplified  this  preparatory  draft,  modifying  it 
to  fit  experience  in  practical  aviation  and  supplementing 
it  with  material  on  subjects  not  already  completely  covered. 
The  American  Aeronautical  Safety  Code  will  include  various 
various  parts  as  follows: 

Introductory  Part. — Scope  and  Nomenclature 

Part  1. — Airplane    Structure 

Part   2. — Powerplants 

Part  .'>.—  Equipment    and    Maintenance  of   Airplanes 

Part   4. — Signals 

Part  •">. — Airdromes  and  Airways 

I'..:  6. — Traffic  Rules 

Pari    7.  —  Qualifications  for  Pilots 

Part   K.      Balloons 

Part  9.— Airships 

I'art   10.— Parach': 

In  the  development  of  the  code  the  broadest  cooperation 
from  the  industry  in  general  is  desired  and  to  secure  this, 
parts  of  the  safety  code  that  are  well  advanced  in  the  sub- 
committees are  accepted  as  preliminary  reports  and  copies 
circulated  to  persons  who  are  sufficiently  interested  in  the 
project  to  study  and  criticize  them. 

National  uniformity  in  procedure  and  practice,  where  such 
is  desirable,  will  undoubtedly  be  facilitated  by  this  work  and 
such  uniformity  can  better  be  approached  or  established  in 
the  early  stages  of  the  art  before  diverse  and  conflicting 
local   practices  and  laws  become  established. 

The  safety  code  can  be  used  as  a  source  of  well  considered 
information  by  agencies  undertaking  the  establishment  of 
airports  and  airways  or  commercial  air  services  and  will  also 
be  of  assistance  to  the  manufacturers  of  aircraft. 

Three  parts  of  the  code,  those  relating  to  Airdromes  and 
Airways,  Balloons,  and  Airships,  have  been  completed  and 
submitted  to  the  Sectional  Committee,  which  has  accepted 
them.  These  will  be  published  in  the  near  future  and  cir- 
culated among  tho  ted  in  the  development  of  aero- 
nautics. They  have  not  been  adopted  by  the  Sectional  Com- 
mittee and  an  I  to  revision  pending  such  adoption 
when  all  parts  of  the  code  are  ready  for  consideration  to- 
gether. After  adoption  by  the  Sectional  Committee,  the  code 
must  be  approved  by  the  sponsor  organizations  before  its 
ligation. 

In  the  Society  the  code  will  be  submitted  through  the  Aero- 
nautic Division  to  the  Standards  Committee  and  the  Society 
in  accordance  with  regular  Standards  Committee  procedure 
In  fore  it-  approvval  by  the  American  Engineering  Standards 
Cotmi  a  Tentative  American  Standard. 
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Rear   Axles    for   Trucks 


By  E.  Favaky1 


Metropolitan  Section  Paper 


Illustrated  with  Photographs  and  Drawings2 


THE  five  types  of  final  drive  now  in  use  on  motor 
vehicles  are  stated  by  the  author  to  be  (a)  the 
ehain-and-sprocket,  (6)  the  bevel-gear,  (c)  the  worm- 
gear,  (d)  the  double-reduction  and  (e)  the  internal- 
gear.  The  advantages  of  each  type  as  emphasized  by 
its  maker  are  presented  and  commented  upon,  and  the 
same  procedure  is  followed  with  reference  to  their  dis- 
advantages. 

Following  these  comparisons  of  the  different  drives, 
which  cover  about  the  first  third  of  the  paper,  the 
bearing  loads  and  shaft  stresses  of  typical  semi-float- 
ing and  full-floating  axles  are  calculated  for  the  con- 
ditions (a)  maximum  torque  plus  the  normal  radial 
load  on  the  wheel,  (6)  the  wheel  locked  and  skidding 
forward  when  the  brakes  are  applied  and  (c)  the  wheel 
skidding  sidewise  while  the  truck  is  moving.  A  tabula- 
tion of  the  results  obtained  from  the  mathematical 
calculations  is  included.  The  author  concludes  from 
these  results  that  while  the  maximum  shaft-stresses 
are  practically  the  same  in  both  designs,  the  shaft  in 
the  full-floating  axle  can  be  made  lighter  and  that  a 
higher  factor  of  safety  should  be  employed  in  the  semi- 
floating  axle  since  the  bending  stresses  are  continually 
reversed.  As  the  bearing  loads  in  the  full-floating 
axle  are  considerably  higher,  a  greater  bending  mo- 
ment is  imposed  on  the  axle  housing,  thus  increasing 
the  production  cost  of  this  axle  because  of  the  neces- 
sity for  heavier  bearings  and  axle  housing. 

The  last  third  of  the  paper  is  profusely  illustrated 
with  photographs  and  drawings  of  various  types  of  rear 
axle.  These  include  the  rear  axle  of  the  Class  B  truck, 
as  well  as  commercial  examples  of  the  worm  drive, 
internal-gear-driven  axles  with  load-carrying  members 
of  diffei-ent  sections,  double-reduction  axles  and  an  ex- 
ample of  a  chain  final-drive. 

IX  all  motor  vehicles  a  certain  gear-reduction,  termed 
the  final  drive,  takes  place  between  the  propeller 
shaft  and  the  rear  wheels.  There  are  five  general 
types  of  final  drive  in  use:  (a)  the  chain  and  sprocket; 
(b)  the  bevel-gear  drive,  with  either  straight  or  spiral 
gears,  as  mostly  used  on  passenger  cars;  (c)  the  worm- 
gear  drive,  which  is  now  the  most  common  type  used  on 
trucks;  id)  the  double-reduction  rear  axle,  in  which  two 
reductions  are  made  between  the  propeller-shaft  and  the 
rear  axle;  and  (?)  the  internal-gear  drive,  in  which  the 
first  reduction  is  accomplished  by  bevel  gears  in  the  cen- 
ter of  the  axle,  and  the  second  by  internal  gears  in  drums 
or  rings  attached  to  the  wheels.  Each  of  the  various 
final  drives  has  its  adherents,  claiming  advantages  for 
certain  types  over  those  of  others.  I  will  endeavor  to  cite 
the  advantages  and  disadvantages  of  each  type  as  put 
forward  in  the  literature  of  the  various  makers. 

Bevel-Gear  and  Chain  Drives 

In  passenger  cars  the  bevel-gear  drive  is  employed  al- 
most universally,  most  companies  using  the  spiral-bevel 


1  M.S. A. ID — Consulting  engineer.  New  York  City. 
-  Copy   for    illustrations    supplied    by    the    McGraw-Hill    Book   Co., 
New  York  City. 

3  See  Transactions,  vol.  9.  part  1.  p.  223  and  vol.  11.  part  2.  p.  324. 
•See  Automotive  Industries.  Feb.  16,   1922,  p.   362. 


type  on  account  of  its  greater  silence  in  running  and  be- 
cause it  permits  the  employment  of  a  smaller  pinion. 
Since  bevel  gears  are  not,  as  a  rule,  practicable  for  re- 
ductions in  excess  of  about  6  to  1,  their  use  on  trucks, 
except  on  the  smaller  models,  is  ordinarily  out  of  the 
question,  for  here  the  final  reductions  vary  from  about 
6'i  to  about  14,  depending  on  the  capacity  of  the  motor 
truck  and  the  truck  speed. 

The  chain  drive3  on  trucks  is  used  on  about  4  per  cent' 
of  the  models  manufactured.  The  chief  objection  to  the 
use  of  chains  is  their  exposure  to  dirt  and  grit,  which  in 
time  causes  excessive  wear  and  noise.  A  number  of  at- 
tempts have  been  made  to  enclose  the  chains  by  covers 
of  some  kind,  but  they  gave  more  or  less  trouble  and  were 
not  entirely  successful,  for  provision  must  be  made  in  the 
cover  for  chain  adjustment  and  for  the  relative  lateral  as 
well  as  the  vertical  movement  of  the  sprocket  centers  on 
account  of  sidesway  and  spring  flexure.  Hence,  today, 
most  of  the  chain  drives  run  with  the  chains  exposed  and 
by  the  employment  of  hardened  chain-rollers,  pins,  bush- 
ings and  links  the  wear  and  the  noise  are  minimized. 

Lack  of  lubrication  is  by  far  the  most  common  reason 
for  noisy  chains.  It  is  claimed  that  applying  lubrication 
to  the  chains  each  day,  which  takes  only  a  few  minutes 
with  a  brush,  results  in  greatly  decreased  noise  and  wear, 
and  that  with  proper  care  and  treatment  chains  will  run 
from  40,000  to  50,000  miles.  This  figure  is  considered 
far  too  high  by  users  of  chain-driven  trucks.  The  fol- 
lowing are  the  principal  advantages  claimed  for  the 
chain  drive  over  the  other  forms  of  final  drive: 

(1)  Simplest  in  construction 

(2)  Will  stand  as  much  or  more  abuse  than  any  other 

type 

(3)  Average   total   efficiency,   including   the   losses   in 

the  jackshaft,  is  as  high  or  higher  than  that  of 
any  other  form  of  drive 

(4)  Increased  losses  due  to  worn  chain  and  sprockets 

are  very  slight 

(5)  Easiest  form  of  final  drive  to  repair,  as  repairs 

can  usually  be  made  on  the  road  with  spare  links 

(6)  Bevel   and  differential   gears  are  carried   on  the 

sprung  portion  of  the  vehicle  and  are  thus  im- 
mune from  road  shocks 

(7)  A    substantial    load-carrying    can    be    employed, 

which  in  the  event  of  an  accident  will  not  dam- 
age the  drive-shaft  and  the  gears 

(8)  The  differential  gears  and  the  drive-shaft  can  be 

made  lighter  than  in  most  of  the  other  types  as 
the  maximum  torque  is  produced  only  at  the  rear 
wheels 

(9)  The  universal-joints  are  arranged  to  run  in  line 

between  the  transmission  and  the  engine,  since 
both  are  attached  rigidly  to  the  chassis 
(10)    Offers  the  lowest  unsprung  weight,  thus  increas- 
ing the  i-iding  comfort 

Some  firms  use  the  chain  drive  exclusively  for  their 
heavier  models  but  give  the  purchaser  the  option  of  a 
chain  drive  or  a  double-reduction  drive  in  the  smaller 
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siies.    The  former  offers  a  greater  road-clearance  than 
the  live-axle  type  of  drive  and  a  much  greater  rune 
gear-ratio  changes  than  any  other  type.     In   the   Mack 
.%.  for  in-  be  made  from  6V4  to 

1  to  14  to  1.  •  :  Qg  anything  but  the  BpitM 

and  perhaps  adding  or  taking  out  a  link  or  two  of  the 
chain. 

In  addition  to  greater  wear  and  noise,  chains  will  re- 
quire more  frequent  repairing  and  renewing  than  the 
gears  of  the  worm  or  bevel  drives.  When  sprockets  are 
worn  until  they  are  hooked,  or  until  the  true  form  has 
bee:  ed  and  the  teeth  are  slightly  hooked  at  the 

-  of  the  driving  side,  they  will  cling  to  the  chain  aa 
it  leaves  the  sprocket  and  are  then  pulled  away  violently. 
-  can  be  remedied  by  some  forms  of 
sprx  gn.    The  chain  drive  is  superior  to  the  worm 

drive  under  hea\-y  load  and  torque  and  only  slightly  less 
efficient  than  the  worm  under  high  speeds  and  light  la 

The  Internal-Gear  Drive 

In  the  internal-gear-driven  axle,'  first  a  bevel  reduc- 
tion is  provided  between  the  propeller-shaft  and  the  rear- 
axle,  as  in  most  passenger  cars,  and  to  obtain  a  further 
reduction  at  the  end  of  the  live  axle  near  the  wheel  or 
in  the  hub  small  spur  gears  mesh  with  internally  cut 
gears  attached  to  the  wheel. 

One  of  the  advantages  claimed  for  the  internal-gear- 
driven  axle  is  great  strength,  since  it  permits  the  use  of 
a  solid,  one-piece  load-carrying  member,  usually  a  drop 
forging  of  I-section  or  a  round  axle  made  from  bar  stock. 
Sometimes  the  load-carrying  member  is  flattened  and 
shaped  in  the  center  to  encompass  the  differential  hous- 
ing, while  in  some  designs  the  live  axle  is  within  the  load- 
carrying  member.  Other  advantages  are  (a)  this  axle 
can  be  made  lighter  than  the  worm-gear  type,  since  the 
jackshaft  and  the  differential  run  at  a  lower  torque  than 
in  the  worm-drive  axle,  the  great  speed-reduction  being 
made  at  the  wheel,  while  the  reduction  at  the  bevel  gears 
in  the  center  of  the  axle  is  usually  less  than  2  to  1;  (5) 
the  internal  spur-gears  and  pinions  are  mounted  on  fixed 
centers  and  require  no  adjustment;  and  (c)  the  cost  is 
low,  while  the  efficiency  is  high  and  fairly  constant  at 
all  loads. 

One  of  the  serious  problems  with  most  of  the  internal- 
gear-driven  axle-  ii  the  proper  lubrication  of  all  the  parts 
of  the  drive,  although  it  is  claimed  by  its  sponsors  that 
this  drive  can  run  with  very'  little  lubrication.    The  large 
diameter  at  the  ring  gear  gives  plenty  of  opportunity  for 
the  grease  to  leak  out  around  the  edges  of  the  gears  and 
onto  the  brake.     However,  some  types  run  in  a  constant 
bath  of  oil,  and  the  joint  is  not  close  to  the  large  diameter 
of  the  ring  gear,  but  nearer  the  center.     Another  objec- 
against  the  internal  gear  if  that  it  is  more  difficult 
:••  the  double  internal-brakes  on  the  wheel.    Even 
re  the  internal  brake  is  used,  considerable  difficulty 
:  with  the  rise  in  the  temperature  due  to  the 
application  of  the  brakes,  which  may  cause  the  lubricant 
•tit  or  burn.    At  present  the  tendency  is  to  use  inter- 
nal rather  than  external  brakes,  as  the  latter  form  is  ex- 
pose The  internal  gear,  as  usually  eon- 
not  be  made  in  the  semi-floating  construc- 
eliminating  the  use  of  this  design  where  the 
bearing  r  derably  reduced  o. 
the  full-floating  type. 

Opponents  of  the  internal-gear  axle  further  claim  that 

!  fundamental  defects.     In  most  of  the  in- 

ving  member  is  the  dead 
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axle,  but  in  some  a  central  live  member  is  inside  the  dead 
member,  one  or  more  extra  Idler  gears  being  inserted 
sea  the  jackshaft  pinions  and  the  internal-gear  rings 
in  the  wheel-hub.  In  all  internal-gear  axles  the  internal 
gear  is  carried  by  the  wheel,  or  else  in  the  wheel-hub  be- 
tween bearings,  and  all  wheels  will  develop  a  certain 
amount  of  play,  since  they  have  to  take  the  road  shocks. 
They  will  therefore  not  continue  to  run  perfectly  true, 
and  the  gears  will  not  maintain  their  exact  relation.  If 
the  gears  run  out  of  alignment  with  each  other,  instead 
of  on  a  line  contact,  the  contact  will  take  place  only  on  a 
point,  under  which  condition  gears  cannot  wear  well  or 
run  silently  nor  transmit  the  power  efficiently,  for  the 
slight  play  in  the  wheel  will  cause  them  to  rock  to  and 
fro  slightly. 

In  most  internal-gear  axles  the  wheels  are  mounted  on 
some  form  of  dead  axle  while  the  jackshaft,  running 
parallel,  is  either  in  front  of  or  behind  it  and  encased 
in  a  separate  housing,  whose  only  function  is  to  retain 
the  live  member.  If  they  do  not  retain  their  parallelism, 
there  will  be  an  additional  tendency  to  throw  the  gears 
out  of  alignment.  The  torque  reaction  tends  to  revolve 
the  jackshaft  about  the  dead  axle  and  is  restrained  from 
doing  so  only  by  the  security  of  the  end  fastenings  and 
by  the  rigidity  of  the  dead  axle  against  twisting.  If  the 
torque  were  always  equal  at  both  ends  of  the  jackshaft, 
the  twisting  moments  would  be  balanced,  but  since  the 
traction  of  the  two  wheels  is  not  absolutely  equal,  vary- 
ing greatly  at  times,  the  torque  stress  on  the  axle  is  not 
equal  on  both  ends.  It  is  therefore  claimed  by  opponents 
that  this  inequality  of  torque  upsets  the  absolute  parallel- 
ism of  the  two  members,  which  will  have  a  tendency  to 
throw  the  pinions  out  of  alignment  with  the  internal 
gears. 

In  some  constructions  the  load  is  carried  on  the  dead 
axle,  the  jackshaft  being  perfectly  free,  not  centrally  sup- 
ported; hence  it  is  not  deflected  when  the  axle  is  de- 
flected, and  this  will  have  a  tendency  to  pull  the  gears  out 
of  line  and  cramp  the  pinion  bearings.  Sometimes  means 
are  provided  to  take  care  of  the  deflection  by  providing  a 
universal-joint  in  the  jackshaft,  as  in  the  rear  axle  of 
the  De  Dion-Bouton  Co.,  and  the  Rochet-Schneider  Co.  of 
France.  This,  on  the  other  hand,  introduces  a  more  com- 
plicated mechanism  and  a  larger  number  of  parts. 

The  type  that  has  a  separate  dead  axle  weighs  more 
for  a  given  strength,  since  the  larger  outside  dimensions 
of  a  hollow  tube  offer  more  strength  with  less  weight; 
hence  for  the  same  factor  of  safety  a  solid  axle  is  heavier 
than  one  of  tubular  construction.  However,  against  the 
disadvantages  enumerated  is  the  fact  that  about  17  per 
cent  of  the  models  of  trucks  built  in  this  Country  employ 
the  internal-gear  drive  and  among  its  adherents  are  some 
of  the  well  known  companies. 

The  Worm-Drive  Axle 

The  worm  and  wormgear  are  usually  assembled  in  a 
unit  and  then  attached  to  the  axle  housing."  In  this  axle 
the  road  shocks  or  stresses,  except  those  coming  through 
the  driving-axle,  do  not  tend  to  disturb  the  alignment  of 
the  wormgear.  Provisions  should  be  made  for  prevent- 
ing the  oil  in  the  center  of  the  housing  from  running  out 
through  the  hubs.  Oil-retainers  are  sometimes  used  on 
both  the  axle-shafts  and  the  wheel-hubs  for  this  pur- 
pose. A  vent  pipe  in  the  rear-axle  housing  will  assist  in 
overcoming  oil  leaks.  Adherents  of  this  axle  claim  that 
its  average  efficiency  is  very'  high  and  that  a  truck 
equipped  with  a  high  ratio  will  coast  quite  freely. 

The  great  advantages  claimed  for  the  wormgear  axle 
are  the  perfect  mechanical  enclosure  of  the  final  drive 
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which  is  running  in  a  bath  of  oil,  and  its  practically  noise- 
less operation.  Even  the  wheel  bearings  are  lubricated 
from  the  center  housing,  and  when  proper  provisions  are 
made  there  is  no  danger  of  the  lubricant  saturating  the 
brakes.  When  the  housing  is  filled  with  a  suitable  oil, 
the  latter  will  last  up  to  5000  miles.  Due  to  the  perfect 
enclosure,  dirt  and  grit  are  positively  prevented  from 
reaching  the  mechanism.  Worm-gear  axles  are  fre- 
quently equipped  with  double  internal-brakes,  which  af- 
fords excellent  protection  against  dirt  and  grit.  It  is 
claimed  that  wheel  brakes  are  more  satisfactory  than 
propeller-shaft  brakes,  for  with  the  latter  the  stresses  in 
the  drive-shafts  and  the  gears  are  considerably  greater 
than  when  wheel  brakes  are  employed,  the  torque  arising 
from  the  locking  of  the  wheels  of  loaded  trucks  being 
much  higher  than  that  of  the  engine. 

Other  advantages  claimed  for  the  wormgear  are  (a) 
its  great  simplicity,  it  having  the  fewest  number  of  parts; 
(6)  it  is  possible  to  obtain  any  desired  reduction  with 
two  pieces,  the  worm  and  the  wormwheel;  (c)  it  is  pos- 
sible to  obtain  an  almost  straight  drive  from  the  engine 
to  the  rear  axle;  and  (d)  its  durability  is  very  great. 
It  is  better  to  have  the  weight  in  the  center  of  the  axle 
than  at  the  axle  ends,  for  when  one  wheel  rises,  or  hits 
an  obstruction  and  is  thrust  upward,  the  upward  acceler- 
ation in  the  center  of  the  axle  will  be  only  one-half  of 
that  at  the  wheel;  hence  the  stresses  induced  will  be 
smaller,  and  the  action  will  be  more  like  that  of  a  smaller 
unsprung  weight  than  if  the  weight  were  at  the  wheels. 

Opponents  of  the  wormgear  claim  that  (a)  it  is  a 
highly  efficient  power-transmission  gear  only  under  cer- 
tain conditions,  for  under  a  heavy  torque  a  wormgear  has 
a  very  low  efficiency,  while  at  high  speed  under  light  load, 
its  efficiency  is  high;  and  (6)  in  coasting  there  is  a  cer- 
tain amount  of  friction  in  the  worm  and  the  gear.  Tests 
made  by  the  International  Motor  Co.  showed  that  trucks 
equipped  with  a  worm  drive  did  not  coast  as  well  as 
other  types;  hence,  it  is  claimed,  that  even  though  the 
worm  may  be  more  efficient  than  the  chain  under  certain 
conditions,  its  average  efficiency  throughout  the  range 
of  conditions  encountered  in  service  is  lower. 

The  most  fragile  part  of  the  worm  drive  is  the  worm 
thrust-bearing,  which  takes  the  enormous  thrust  exerted 
by  the  worm.  In  some  axles  ball  bearings  are  provided 
at  this  point;  others  are  equipped  with  taper  roller  bear- 
ings. Since  the  worm  must  be  carried  on  the  top  to  ob- 
tain sufficient  road  clearance,  the  worm  bearings  can  be 
lubricated  only  by  the  oil  carried  up  or  thrown  up  as  the 
wormwheel  rotates.  When  this  runs  at  a  low  speed,  suf- 
ficient oil  is  not  always  carried  to  the  top.  To  provide 
sufficient  lubrication  special  means,  like  oil  troughs,  are 
sometimes  provided  inside  the  wormwheel  housing  to 
catch  the  oil  and  lead  it  to  the  bearings.  The  worm  drive 
is  more  expensive  than  other  forms,  but  it  is  claimed  that 
the  maintenance  cost  is  considerably  less.  When  the 
pressure  on  the  worm  is  not  too  high,  the  gears  properly 
cut  and  the  lubrication  adequate,  the  film  of  oil  is  not 
squeezed  out  from  between  the  surfaces,  and  there  is  very 
little  friction.  However,  when  the  pressure  is  excessive 
and  the  oil  is  squeezed  out,  considerable  friction  exists 
and  damage  may  result  in  a  short  time. 

Another  reason  for  rear-bearing  failures  is  that  the 
necessary  play  in  the  worm  takes  the  form  of  a  blow  on 
the  thrust-bearing  whenever  the  clutch  is  thrown  in  or 
speed-changes  are  made  and,  while  taper  roller-bearings 
or  ball  bearings  can  withstand  high  pressures,  they  can- 
not withstand  impact  very  well.  Trouble  with  thrust- 
bearings  may  also  be  caused  by  improper  clearances, 
which,  under  excessive  strain  or  deflection,  cause  an  in- 


crease in  the  temperature  with  a  consequent  elongation  of 
the  worm.  In  the  worm  drive  the  torque  induces  pressure 
on  comparatively  small  surfaces  of  the  teeth,  which  rub 
one  on  the  other,  while  with  toothed  gears  or  chains  and 
sprockets  there  is  more  of  a  rolling  contact  than  pure- 
friction. 

Some  manufacturers  claim  that  torque-arms  and  ra- 
dius-rods impose  additional  stresses  on  the  worm;  hence 
they  advocate  the  Hotchkiss  drive.  With  this  a  cushion- 
ing effect  is  imparted  to  the  drive  as  the  springs  permit 
the  axle  to  rock  back  slightly  in  starting,  thereby  reduc- 
ing the  pressure  on  the  worm  teeth  when  the  car  is  first 
started  and  the  torque  is  highest.  It  is  also  claimed  that 
it  permits  the  worm  and  the  wheel  to  oscillate,  thereby 
working  more  oil  between  the  surfaces  than  is  possible 
with  a  rigid  drive.  On  the  other  hand,  opponents  of  the 
Hotchkiss  drive  in  connection  with  wormgears  claim  that 
they  must  put  extra  weight  into  springs  when  the  latter 
are  used  to  perform  the  functions  of  the  torque  and 
radius-rods,  and  wherever  satisfactory  results  are  ob- 
tained with  the  Hotchkiss  drive  the  springs  must  have  a 
greater  factor  of  safety.  I  believe  that  the  Hotchkiss 
drive  when  properly  designed  gives  satisfaction,  even 
though  the  springs  are  relied  upon  to  perform  more  se- 
vere functions.  While  many  objections  are  brought  for- 
ward against  the  worm  drive,  72  per  cent  of  all  the  truck 
models  manufactured  in  the  United  States  use  this  type 
of  final  drive. 

The  Double-Reduction  Drive 

In  the  double-reduction  rear-axle  two  reductions  take 
place  between  the  propeller-shaft  and  the  live  axle.  The 
first  reduction  is  by  a  pair  of  bevel  gears  and  the  second 
by  a  pair  of  spur  gears,  or  vice  versa.  Instead  of 
straight-bevel  or  spur-gear  teeth,  helical  teeth  can  be 
employed. 

The  advantages  claimed  for  this  type  are  (a)  simplic- 
ity of  construction,  in  that  only  comparatively  small  bevel 
and  spur  gears  are  employed,  which  lend  themselves  easily 
to  quantity  production;  (6)  all  the  gears  are  perfectly 
enclosed  and  protected  from  dust  and  grit,  and  run  in  a 
bath  of  oil;  (c)  its  average  efficiency  is  as  high  as  that 
of  any  other  drive  and  is  substantially  constant  under  all 
speeds  and  loads;  and  (d)  the  gears  will  always  remain 
in  alignment  and  are  silent  in  running. 

The  disadvantages  cited  against  this  drive  are  (a)  an 
increased  number  of  parts  over  the  wormgear  drive;  (6) 
it  is  heavier  than  the  internal-gear  and  the  chain  drive, 
since  the  live  axle  has  to  carry  the  entire  torque;  and  (c) 
it  is  more  costly  to  manufacture. 

Semi-Floating  Axles 

Having  discussed  the  various  types  of  final  drive,  be- 
fore analyzing  actual  examples  of  the  different  designs 
we  will  calculate  the  bearing  loads  and  the  shaft  stresses 
of  semi-floating  and  full-floating  axles,  for  with  this  in- 
formation we  will  be  in  a  position  to  determine  their 
merits  and  demerits. 

To  find  the  bearing  loads  and  the  shaft  stresses  in  semi- 
floating  rear-axles  three  distinct  conditions  must  be  con- 
sidered.    These  are 

(1)  The  maximum  torque  plus  the  normal  radial  load 

on  the  wheel 

(2)  The  wheel  locked  and  skidding  forward  when  the 

brakes  are  applied 

(3)  The    wheel    skidding   sidewise   while    the   truck    is 

running 

For  example,  a  certain  high-grade  truck  axle  has  a 
maximum  total  reduction  of  49.61;  the  maximum  horse- 
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at  1000  r.p.-  ach  rear 

,ue  in  th<  tie  .-haft  with 

Jo  pa  d  running  in 

this  amount,  66,425 

in  ea>:  the  otner 


. 


•, ployed  or  if  the  en- 
utch  thrown  in  Buddenly, 
slip  on  the  ground,  the  auud- 
fon.-.  the  wheel  9000 

friction  between  the 

I  if  the  wheel  diameter  is 

.  h  half  of  the  shaft  is  ,o0  = 

•  consider  these  condi- 

-.  for  in  our  example  no  propeller-shaft  brake  is  em- 

itand  a  large  momentary  occasional 

The  dimensions  of 

the  before  mentioned  truck  are  J  7   16  in. 

aid  4  in.  near  the  outer  bearing. 

-  in  the  shaft 

formula 

/•  7. 

-  in  pounds  per  Bquare  inch 
je 

:ulus 

Th-  r  at  the  weakest  point  of  the  axle,  which 

■!.    The  polar  see- 
the cube  of 
tuting  these  values  in  the  formula 
■  •-  have 

;.'■  ;   76)'] 

J. 84 
lb.  per  sq.  in. 

r,e  outer  bearing  the  shaft  is  4  in.  in  diameter  and 
the  stress  du'  n  at  this  point  calculated  from  the 

formula  is  approximately  5280  lb.  per  sq.  in. 

U    now   consider   the   bearing    loads    and   shaft 

due  to  the  bending  moments.     Under  ordinary 

running  conditions  the  radial  load  on  each  wheel  is  9000 

;nce  between  the  bearing  centers  is  25  in., 

i/etween   the  outer   bearing  and   the  center   of   the 

wheel  6  in.  approximately  as  shown  in  Fig.  1.     If  //    is 

•  on  or  the  radial  load  on  the  outer  bearing, 

—  inner  or  the  differential  bearing,  and  if 
adial  load  on  the  wheel  is  designated  by  P,  then,  tak- 
moments   about   the  outer  bearing,   we   have  $P 

1000)        25       2160  lb. 
about  the  inner  bearing,  :'.!/'         25H  . 

11,100  11.. 
ent   in  the  shaft  near,  or   1    in.   from,  the 
0  lb-in.,  increasing  toward 
55        54,000  lb-in. 
Th(  '    a    shaft    is 

found  from  the  formula 

B  Z 

/.'  .'-nt 

mpressivc  f  a  shaft 

'/.  .lux 

the  polar  section  modulus,  of 

diameter. 
•  the  diameter  is  4  in. 
■  <■  have 

I 

in. 
e  diamet'  .75  in.  and  by 


substitution    in    the    formula    we    find    the    stress    equals 
b,  per  sq.  in. 
To  find  the  stress  in  a  shaft  subjected  to  torsion  and 

Lending  stresses,  we  may  make  use  of  an  equivalent 
twisting  moment  7..  which  would  create  the  same  stress 
Ul  the  shaft  as  that  due  to  the  combined  twisting  moment 
'/'  and  the  bending  moment  B  and  is  equal  to  the  square 
if  the  sum  of  their  squares.  Near  the  inner  bearing 
/•  .  [(2160)  •  (66,426)  1  66,500  lb-in.  approximately 
almost  the  same  as  that  found  for  the  twisting  moment 
only.     At  the  outer  bearing 

7'  |  (54,000)  I   I       85,000  lb  in,  approximate^ 

The  stress  in  the  shaft  at  the  outer  bearing  is  therefore 

r       / 
=  85,000       i 
=  6570  lb.  per  sq.  in.  approximately 

While  at  the  inner  bearing  S«  =  66,500  2.84  28,400 
lb.  per  sq.  in.  approximately,  showing  that  the  stress  in 
shafl  is  much  greater  near  the  inner  bearing. 
The  material  used  for  this  shaft  is  S.A.E.  Steel  No. 
2340,  which,  if  heat-treated  to  a  Brinell  hardness  of  :::;:.. 
or  a  scleroscope  hardness  of  51,  has  a  tensile-strength  of 
000  lb.  per  sq.  in.  and  an  elastic-limit  of  150.000  lb. 
per  sq.  in.,  according  to  the  S.A.E.  Handbook.  The 
-hearing  strength  of  steel  is  approximately  85  per  cent 
of  its  tensile-strength  or  175.000  X  0.85  =  149,000  lb. 
per  sq.  in.,  while  the  transverse  elastic-limit  or  the  elas- 
tic-limit in  shear  is  approximately  .'55  per  cent  of  its  ulti- 
mate shearing-strength,  and  this  should  be  considered 
when  finding  the  factor  of  safety.  Therefore,  the  elastic- 
limit  in  shear  equals  149,000  X  0.35  =  52,150  lb.  per 
3q.  in.  approximately.  Very  few  data  seem  to  be  avail- 
able as  to  the  elastic-limit  in  shear  of  various  steels. 
Hence,  at  the  weakest  portion  of  the  shaft  the  factor  of 
ety  is  52,150  -  23,400  2.23  approximately  under 
normal  conditions,  when  running  in  low  gear. 

Next,  we  will  investigate  the  bearing  loads  and  shaft 
.-tresses   when   the  brakes  are  applied  and   the  wheel   is 
locked  and  sliding  forward.     In  this  case  there  is  a  hori- 
zontal force  at  the  periphery  of  the  wheel  equal  to  the 
vertical  or  normal  load  of  9000  lb.  resting  on  it  multi- 
plied by  the  coefficient  of  friction  0.6,  as  was  mentioned 
before,  or  5400  lb.     The  two  forces,  the  vertical  and  the 
horizontal,  act  at   right  angles  to  each  other.     The  result  - 
radial  load  R  on  the  wheel  due  to  these  two  forces 
is  equal  to  the  square  root  of  the  sum  of  their  squares 
or  lo,. Mio  II,.    If  we  call  the  reactions  or  bearing  pressures 
in  the  outer  and  inner  bearings  //,  and  77.  respectively, 
by    taking    moments    about    the    outer    bearing   we   have 
.;/;       25/7,,  from  which  R        6fi       25    =(6X10.500) 
2",       2520  lb.    Taking  moments  about  the  inner  bear- 
ing,  we    have  Z\R       25    //  |    hence,   H ,  =  (31        10,50(1) 
13,000  11,.     The  bending  moment  near  the  inner 
bearing  is  2520  lb-in.,  anil  near  the  outer  bearing  it   is 
25        L'"-20  or  <i         10,500        63,000  Ib-in.     Then,  since 
S      /;   '/.,  at  the  . nnei-  bearing,  S      2520       1.418----  1770 
lb.  per  sq.  in.,  and  at  the  outer  bearing  .S'        ('>:',, 000        0.28 
10,000   II,.   per  Bq.   in.  approximately,  the  values  for  Z 
at  the  inner  end  of  the  -haft  being  1.418  and  at  the  outei 
found    before.      It    is    seen,    therefore,    that 
er  these  conditions,  with  the  wheels  locked  and  slid- 
ing forward,  the        •      l      in  the  shaft  are  very  low.  espe- 
eially   in   view  of  the   fart    thai    I  lie  shaft   is  subjected  to 
only.     The  material   is  in  tension  and 
compression,  and  its  elastic-limit    i     L60.000  lb,  per  sq.  in. 
We    will    now    consider    the    bearing    loads    and    shaft 
stresses  resulting  from  skidding   -idewise  when  turning 
;,  corner  at  a  certain  speed.     Under  these  circumstances 
the  centrifugal    force  /•'.,  which  causes  the  rear  of  the 
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truck  to  skid,  will  equal  the  coefficient  of  friction,  0.6, 
multiplied  by  the  total  weight,  6W,  carried  by  the  two 
rear  wheels.  In  this  case,  therefore,  Fc  =  0.6  X  18,000 
=  10,800  lb. 

Assuming  that  the  center  of  gravity  of  the  entire  load 
on  the  rear  wheels  is  located  45  in.  from  the  ground,  call- 
ing this  distance  h,  that  the  total  pressure  between  the 
two  rear  tires  and  the  ground  is  designated  by  P,  that 
P0  is  the  pressure  on  the  outer  wheel  and  P,  that  on  the 
inner  wheel,  when  rounding  a  curve,  that  the  tread,  t, 
is  taken  as  56  in.  and  that  the  radius  of  the  wheel,  r,  is 
18  in.,  then,  by  taking  moments  about  the  point  where  the 
inner  wheel  touches  the  ground,  we  have 

PoXt=  (WX  l/2t)  +  (Fc  X  h) 
or 

Po  =  l/2W-  l(FeXh)  -^-t] 

Substituting  the  assumed  numerical  values,  we  obtain 
Po=  (18,000-^2)  —  [(10,800  X  45)  -s-  56] 
=  9000  +  8700 
=  17,700  lb. 

The  load  on  the  inner  wheel  will  be  9000  —  8700  or  300  lb. 
In  addition  to  the  radial  load,  there  is  a  thrust  load  Lt 
on  the  two  wheels  arising  from  the  tendency  to  skid ;  this 
thrust  load  is  equal  to  the  centrifugal  force  Fc  and  is  di- 
vided between  the  two  rear  wheels  in  proportion  to  their 
radial  load.  Hence,  the  thrust  force  on  the  outer  rear- 
wheel  between  the  tire  and  the  ground  Fo  =  0.6  X  Po  = 
0.6  X  17,700  =  10,600  lb.  Thus  the  total  radial  load  on 
the  outer  wheel  is  17,700  lb.,  and  the  side-thrust  at  the 
bottom  of  the  wheel  10,600  lb.  Taking  moments  about 
the  inner  bearing,  we  have 


O 


or 


SlPo  =  25ff,  +  (r  x  Fo) 
Hl  =  [SIP,,—  (r  x  Fo)]  ^25 


Substituting  the  corresponding  numerical  values  for  the 
various  letters,  we  have 

Hi  =  [(31  X  17,700)  —  (18  X  10,600)  ]  -=-  25 
=  14,300  lb. 

Taking  moments  about  the  outer  bearing  we  have 
6P„  =  25H:+  (>•  x  Fo) 
H_  =  [6P0  —  (r  xF»)]v  25 

=  [  (6  X  17,700)  —  (18  X  10,600)  ]  -=-  25 
=  —  3384  lb. 

The  result  is  a  minus  quantity  as  the  bearing  will  carry 
the  load  on  the  top,  while  under  normal  running  it  will 
carry  it  at  the  bottom.  It  should  be  remembered  that  the 
outer  bearing  also  has  to  carry  a  thrust  load  of  10,600  lt. 
Knowing  the  bearing  pressures  or  the  reactions  we  can 
easily  find  the  bending  moments  and  the  stresses  in  the 
shaft,  as  in  the  last  example.  The  bending  moment  B 
near  the  inner  bearing  is  3384  lb-in.  and  near  the  outer 
bearing  25  X  3384  =  84,600  lb-in.  approximately.  In 
addition  to  the  bending  moment  due  to  skidding,  the 
twisting  moment  in  the  shaft  due  to  the  drive  must  be 
considered.  Evidently  the  truck  will  have  to  be  in  the 
high  gear  to  travel  at  the  requisite  speed  to  produce 
skidding;  hence  the  torque  will  be  much  lower,  but  even 
if  the  truck  were  in  the  low  gear,  and  the  torque  be 
66,425  lb-in.,  the  maximum  stress  in  the  shaft  would  be 
barely  higher  than  under  straight  forward  travel,  when 
in  the  low  gear.  If  the  low-gear  torque  is  added,  the 
equivalent  twisting  moment  near  the  inner  bearing  is 
practically  the  same  as  that  found  before,  66,500  lb-in., 
and  the  shearing  stress  equals  23,400  lb.  per  sq.  in.  Near 
the  outer  bearing  the  equivalent  twisting  moment  has  a 
value  of  approximately  107,000  lb-in.,  and  the  stress  is 
8550  lb.  per  sq.  in.  When  skidding  sidewise  the  torque  is 
considerably  lower  in  practice,  for  the  truck  would  not 
skid  unless  it  traveled  in  one  of  the  higher-speed  gears, 
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Fig.  1 — Diagram  Illustrating  the  Bearing  Loads  and  Shaft 
Stresses   in  a  Semi-Floating  Axle 

unless  the  road  surface  were  muddy  or  slippery,  and  in 
such  event  the  coefficient  of  friction  is  considerably  lower: 
hence  the  bending  moment  would  be  lower.  The  maxi- 
mum stress  in  shear  is  therefore  near  the  inner  bearing 
on  straight  forward  travel  in  the  low  gear  and  amounts 
to  23,400  lb.  per  sq.  in. 

Full-Floating  Axles 

The  stresses  in  the  shaft  of  a  full-floating  axle  are 
purely  torsional  or  shearing  stresses,  and  if  the  engine 
power  and  gear  reduction  are  as  in  the  last  example,  the 
maximum  torque  will  be  as  found  before,  66,425  lb-in.  in 
each  axle-shaft.  If  the  shaft  dimensions  are  the  same  as 
those  of  the  small  end  in  the  previous  example,  the  maxi- 
mum unit-stress  for  torsion  in  the  shaft  metal  would  be 
the  same  as  that  found  before,  23,390  lb.  per  sq.  in.  In  a 
full-floating  axle  the  shaft  dimensions  are,  as  a  rule, 
uniform,  not  tapered  as  in  the  semi-floating  type,  since 
the  live  axle  is  relieved  of  all  bending  moments  by  the 
wheel  bearings. 

The  maximum  radial  load  on  the  wheels,  when  the 
brake  is  applied  and  the  wheels  slide  forward,  is  the  re- 
sultant radial  load  due  to  the  combined  horizontal  and 
vertical  forces  and  is  the  same  as  found  before,  10,500  lb. 
If  the  distance  between  the  bearings  is  7  in.,  as  shown  in 
Fig.  2,  the  inner  bearing  H.  is  2%  in.  from  the  wheel 
center,  and  the  outer  bearing  H,  4%  in.,  then,  by  taking 
moments  about  the  outer  bearing,  we  find  1H,  =  4.5  X 
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Fig.   2 — Diagram  Illustrating  the  Bearing  Loads  and  Shaft 
Stresses  in  a  Full-Floating  Axle 
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•0.  and  //,  =  4  6  10.500)  -5-  7  =  6750  lb. ;  the  load 
on  the  outer  bearing  H,  =  (2.5  X  10,500)  -5-  7  =  3750  lb. 
When  the  wheels  skid  sidewise,  the  bearing  loads  on 
the  otr.er  wheel  are  considerably  higher.  If  the  portion 
e  centrifugal  force  Fc  at  the  outer  wheel  that  pro- 
duces the  skidding,  and  the  radial  load  P„  are,  as  found 
before.   17,700  and   10,600  lb.  rely,   then   by  the 

■(■  obtain 


hence 


sad 


7fl,=  4.5  Po  -f  18  Fc 

H,=  [{i.oy  17,700)  +  (18X10,600)]  -5-7 
=  38,700  lb. 


7  //,       18  Fc  =  2.5  Po 
from  which 

H     -  [  |  2J   •;  17.700)  —  (18  X  10,600)  ]  -J-  7 
=  —  21,000  lb.  approximately 

■  :ng  that  on  the  outer  bearing  the  load  is  reversed 
from  its  normal  direction.  In  addition  there  is  a  thrust 
load  of  10,600  lb.  The  results  obtained  are  given  in 
Table  1. 


TABU  a  AND  BEARING  LOADS  IN 

Il-FLOATTMG    \M«  H  l.l.-HXJATING  AXLES 
\xle  Semi-Floating     Full-Floating 

'.  per  sq. 


8,550 

23,390 

.r  differential                      23,400 

23,390 

iring  Load,  lb. 

heel                    

—21,000 

1  1.300 

38,800 

•itial                — 3,384 

Thru                                      10,600 

10,600 

Fr  an  judge  that  the  maximum  shaft 

stresses  are  practically  the  same  in  both  designs,  but  the 

'   in  the  full-floating  axle  can  be  made  lighter  and 

•;ce  the  stress  is  uniform  in  the  entire  shaft 

and  •    is   relieved  of  all   but   torsional   stre 

in    the    semi-floating    axle,    the    bending 


I,   : 


T^'-.KK'fe3 


! 


stresses  are  continually  reversed;  therefore  a  higher 
r  of  safety  should  he  used.  The  bearing  loads  in 
the  full-floating  axle  are  considerably  higher,  which  will 
impose  a  much  greater  bending  moment  on  the  axle  hous- 
ing. Hence  the  bearings  and  the  axle  housing  must  be 
made  heavier  and  thus  this  axle  will  be  more  expensive 
to   manufacture  than  the  semi-lloating  axle. 

i'kv  in  \t.  Examples  ok  Worm-Driven  truck  Rear- 
Axles 

Fijrs.  8  and  4  give  a  plan  view  and  a  sectional  view, 
looking  from  the  rear,  of  the  "Class  B"  rear  axle.  The 
housing  is  of  the  Timken  type,  with  a  square  section  from 
the  center  bowl  outward.  The  tubes  a  are  pressed  into 
place,  a  retaining  screw  being  provided  in  addition.' 
These  tubes  extend  to  the  bowl  of  the  housing.  The  re- 
inforcing plate  b  is  riveted  to  the  housing  and  fits  snugly 
<>ver  the  end  of  the  tube.  The  wormgear  wheel  is  mounted 
on  the  differential  by  97  splines,  1/16  x  3,  16  in.  section 
and  1")  16  in.  long.  The  differential,  the  worm  and  worm- 
gear  are  mounted  on  the  differential  carrier,  which  is 
piloted  at  the  top  of  the  housing  as  shown  at  c,  Fig.  4. 
At  d  are  oil-grooves  to  lead  the  oil  to  the  worm  bear- 
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ings.  The  means  used  for  holding  the  worm  bearings 
are  shown  in  Fig.  5.  The  gear  adjustment  is  made  by 
-lotted  and  threaded  rings  behind  the  bearing  differential- 
cups,  as  shown  at  e  in  the  assembly,  Fig.  4.  The  roller- 
bearing  cups  /  are  clamped  to  the  upper  main  differential- 
carrier  by  caps  .'/,  which  are  held  by  1-in.  nickel-steel 
studs  h.  The  entire  unit  can  be  removed  from  the  hous- 
ing without  disturbing  any  adjustments.  The  six  roller 
bearings  in  the  wheels  and  at  each  side  of  the  differential 
are  all  identical  in  size  and  thus  interchangeable. 

Fig.  6  shows  a  detail  of  the  axle  housing,  which  is  a 
steel  casting.  The  Government  gave  the  manufacturer* 
their  choice  of  making  this  a  steel  casting  as  shown,  or 
el  stamping  like  that  shown  in  Fig.  7. 

Fig.  8  is  the  axle  or  drive-shaft  made  of  chrome-nickel 
steel  with  a  high  carbon-content.  At  the  weakest  point 
the  diameter  is  2%  in.  The  axle  is  of  the  full-floating 
type;  the  radial  load,  as  well  as  the  lateral  thrust,  on  the 
wheels  is  taken  by  taper  roller-bearings,  the  shaft  being 
only  under  torsional  strain.  The  Class  B  truck  is 
equipped  with  an  engine  having  a  torque  of  2800  lb-in.; 
the  ratio  in  the  low  gear  of  the  transmission  is  5.93  and 
in  the  rear  axle  9.50;  hence,  the  maximum  ratio  of  re- 
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Fig.  6 — Detail  op  the  Cast  Steel  Axlb  Housing 


duction  is  56.3  to  1.    The  distance  between  the  bearings 
in  the  rear  wheel  is  approximately  5y2  in. 

Fig.  9  is  the  Sheldon  rear-axle  which  is  suitable  for 
trucks  of  from  5  to  6-ton  capacity.  The  maximum  allow- 
able load  on  the  rear  tires,  including  the  weight  of  the 
truck  and  the  pay-load,  is  18,000  lb.  The  weight  of  this 
rear  axle  complete  is  approximately  2010  lb.  In  all  the 
rear  axles  built  by  the  Sheldon  Axle  &  Spring  Co.  ball 
bearings  are  used  for  taking  the  worm  thrust  as  well  as 
the  radial  load  of  the  worm,  for  which  a  number  of  ad- 
vantages are  claimed.  The  double-row  bearing  i  at  the 
rear  carries  the  radial  load  as  well  as  the  thrust  in  both 
directions.  It  is  claimed  that  with  ball  bearings  no 
wedging  is  possible  under  thrust,  whereas  with  taper 
roller-bearings  such  wedging  exists.  The  front  bearing 
j  is  free  to  move  as  the  worm  expands,  due  to  a  rise  in 
temperature,  which  is  occasioned  by  extra  heavy  work 
or  lack  of  proper  lubrication.    No  adjustments  are  neces- 


sary with  ball  bearings  and,  as  the  wormwheel  and 
carrier  are  machined  by  very  accurate  jigs  and  fixtures, 
no  adjustments  are  necessary  in  the  first  place.  The 
semi-floating  or  fixed-hub  type  of  axle  is  employed  on  all 
Sheldon  axles;  also  the  Hotchkiss  drive. 


FlQ.  8- 


Splines  Same    This  Construction  Enlarged  View 
on  Both  Ends        Optional  of  Groove 

-Axle  of  the  Class  B  Truck 


Fig.  10  shows  the  worm  and  wormwheel  carrier,  which 
can  be  removed  from  the  axle  housing  as  a  unit  complete 
with  the  worm,  the  wormgear  and  the  differential.  The 
lower  section  of  the  wormwheel  runs  in  a  bath  of  oil  in 
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the  bowl  of  the  axle  housing,  and  as  the  wormwheel 
.11  the  bearings  and  the  worm  and  wormwheel 
are  lubricated  by  the  splash.  The  only  other  parts  need- 
ing lubrication  in  the  entire  rear-axle  are  the  brake 
rock-  and  the  wheel  bearings,  and  these  are  lubri- 

:  by  oil-cups  provided  at  these  points. 
The  lower  part  of  Fig.  11  is  a  detail  of  the  axle  shall. 
made  of  S.A.F.  N  -  I  heat-treated  steel.  The  shafts 
are  forged  to  size  from  small  billets.  The  ends  of  the 
where  it  enters  the  differential,  as  well  as  where  it 
drives  the  wheel,  are  hexagonal.  The  diameter  at  the 
wheel  bearing  in.  and  the  distance  across  the 

.■  >nal  end  at  the  differential  is  2  7   16  in. 
The  method  of  attachment  to  the  wheel  can  be  seen  from 
the  assembly  drawing  in  the  upper  portion.    The  wheel  is 
seated  by  collets  k,  which  are  jambed  by  tightening  the 
axle  nut,  and  this  in  turn  is  locked  by  the  hub-cap.     The 
hub-cap  is  attached  to  the  rear  hub-flange  by  three  '--in. 
-  and  lock-washers.     The  two  brakes  are  placed  side 
<le  in  the  drum,  the  same  as  in  the  Class  B  axle.     In 
the  Sheldon  axles  the  cam  type  of  brake  is  used  on  the 
smaller  sizes,  while  on  the  larger  sizes  the  wrap-up  type 
■•ployed. 

ni-floating    worm-drive    rear- 
nsin  Par  The  worm  and  worm- 

art-    mounted   on    the   differential    carrier 
and  :nto  the  housing  from  above  and  attached 

thereto.       The    worm    shaft    is    mounted    on    ball    bear- 
forward    one   being   free   to    float;    the   outer 
therefore   not  confined  endwise.     The  wheel   is 


mounted  on  double-row  ball  bearings  or  on  straight 
roller-bearings.  The  wormgear  is  held  between  the 
differential  flanges  and  is  piloted,  thus  being  supported 
throughout  its  circumference.     To  prevent  egress  of  oil 


t 


WITH    TI1K 
•  »TRATEt> 


of  thi  am.k  Shaft  in  thi  Lowia   Portion  and 
*    rm  Assembly  Drawing  Showino  thi  Method  or  Attach- 
ing   THI    WlIKKL    TO   TUB 

through  the  wheel  bearing  onto  the  brakes,  two  felt 
washers  fare  provided,  one  just  lichind  the  wheel  bearing 
and  one  in  the  adjusting  nut.  The  brakes,  as  may  be 
noted,  are  both  internal  and  mounted  on  a  double  brake 
drum.  The  drums  are  placed  concentrically,  thereby  per- 
mitting the  use  of  comparatively  narrow  brake-drums 
which  enables  the  wheels  to  be  located  closer  to  the 
Bprini  The  housing  is  a   malleable  casting.     The 

drive-shafts  are  made  of  No.  8140  S.A.E.  chrome-nickel 
steel,  heat-treated  to  show  an  ultimate  strength  of  about 
200,000  lb.  per  »q.  in. 

Fig.  18  shows  the  axle  constructed  by  the  Timken  De- 
troit, Axle  Co.  for  trucks  of  from  2  to  5-ton  capacity.  In 
these  models  this  company  uses  the  full-floating  axle, 
while  in  its  smaller  models,  having  capacities  of  from 
"i  to  1 '  '■>  tons,  it  uses  the  semi-floating  type.  All  the 
Timken  axles  are  worm-driven,  and  the  entire  construe- 
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Fig.  12 — A  Semi-Floatixg  Worm-Drive  Rear-Axle 


tion  is  similar  to  the  Class  B  axle,  the  chief  difference 
being  in  the  brakes. 

Fig.  14  is  a  side  view  of  the  brakeshoes  in  the  brake- 
drum.  There  are  four  shoes,  m,  n,  o  and  p,  each  extend- 
ing about  one-fourth  of  the  circumference  of  the  drum, 
but  covering  full  width,  as  seen  from  the  assembly  at  q. 
The  brake  cams,  r  and  s,  which  are  operated  by  the 
brake-shaft  levers  t  and  u  respectively,  actuate  two  oppo- 
site shoes;  s  actuating  m  and  n,  and  r  operating  o  and  p. 

Fig.  15  is  the  fixed-hub  or  semi-floating  type  of  Timken 
rear-axle.  This  differs  from  the  type  illustrated  in  Fig. 
13  in  that  the  axle  shaft  is  fixedly  attached  to  the  wheel 
direct,  instead  of  by  a  splined  driving-plate,  and  the  axle 
supports  the  load  of  the  wheels.  In  full-floating  axles 
there  is  a  greater  stress  on  the  axle  housing,  near  the 
wheel,  than  in  the  fixed-hub  type. 

The  Pierce-Arrow  31  ■>  and  5-ton  truck  axles  are  full- 
floating  ;  the  wheels  are  provided  with  taper  roller-bear- 
ings, while  the  worm  and  wormwheel  are  supported  on 
ball  bearings.  A  propeller-shaft  brake  is  used  as  the 
service  brake,  while  the  emergency  brake  acts  on  the  in- 
side of  the  brake-drums,  as  seen  in  Fig.  16,  which  is  a 
cross-section  of  the  rear-axle  assembly.  In  its  2-ton 
model  this  firm  employs  taper  roller-bearings  throughout 
and  also  for  the  worm.  The  axle  is  semi-floating;  the 
two  brakes  are  placed  side-by-side  in  the  rear-wheel 
brake-drums.  Instead  of  driving  through  torque  and 
radius-rods,  the  Hotchkiss  drive  is  employed  in  the  small 
models. 


Fig.  14- 
ix    Fig. 


—A  Side  View  of  the  Brake-Drum  Used  with  axle  Showx 
13   Illustrating  the   Arrangement  of  the  Brake-Shoes 


Fig.  13 — A  Full- Floating  Axle  for  Trucks  Banging  from  2  to  3  Toxs  in  Capacity 
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.-  17  shows  the  worm  mounting  of  its  larger  models. 
The  radial  load  is  carried  by  single-row  ball  bearings, 
one  in  the  front  and  one  in  the  rear,  while  the  thrust  in 
both  directions  is  taken  by  a  double-row  ball  thrust- 
bearing  located  at  the  back.  The  differential  bearings 
consist  likewise  of  single-row  balls  for  supporting  the 
radial  load,  as  seen  from  Fig.  16. 

Examples  of  Internal-Gear  Drives 

Fig.  18  is  an  assembly  drawing  of  the  ^4- ton  Torbensen 
axle.    In  this  axle  the  load-carrying  member  is  of  I-beam 


section.  Such  a  section  can  be  made  lighter  for  a  given 
-'rcngth  and  a  given  direction  of  the  vertical  stresses 
than  round  or  square  sections.  The  objection  cited 
against  I-beam  rear-axles  is  that  the  stresses  are  im- 
parted to  it  from  other  directions  than  purely  vertical. 


Fio     11 


-Worm    Mounting  of  a  Larger  Type  or  Axu  Shown   in 
Fio.  16 


-     ' 
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Fio.  18 — Aheiibli  Drawing  or  a  \ -Ton  Axijc  Hating  the  Load-Carryino  Member  of  I-Beam  Section 


1* C*/i«»-8«CTIO.N     Or    THE    P-TAK-AxiX    AflBEMELT     rOR    TRUCK 8 

Hanging  itom  Hi  mi  Ton*  in  Capacity 


When  striking  an  obstruction  on  the  road,  or  when  apply- 
ing the  brakes  and  locking  the  wheels,  the  stresses  are 
not  entirely  vertical;  however,  by  far  the  greatest  loads 
in  practice  are  substantially  vertical.  At  the  ends  of 
the  I-beam  are  tapered  holes,  4%  in.  deep,  for  inserted 
spindles,  made  of  No.  6130  S.A.E.  chrome-vanadium  steel. 
The  advantage  claimed  for  these  spindles  is  that  they 
can  be  made  to  the  exact  hardness  desired  more  easily, 
and  by  employing  a  higher  grade  of  heat-treated  alloy 
steel  the  spindle  diameter  may  be  made  smaller,  which 
permits  the  use  of  smaller  bearings. 

Another  special  feature  of  the  Torbensen  axle  is  that 
the  jackshaft  is  carried  behind  and  supported  in  the 
center  by  the  I-beam  axle.  At  v  can  be  seen  how  the 
differential  housing  of  the  jackshaft  is  shouldered  where 
it  is  attached  to  the  I-beam  axle  by  cap-screws.  Locat- 
ing the  differential  housing  behind  the  load-carrying 
member  permits  the  removal  of  the  housing  cover  iv  for 
inspection  and  adjustment  of  the  gears  and  bearings. 
The  advantage  claimed  for  the  feature  of  attaching  the 
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Fiq.  19— An  Example  of  a  Round  Internal-Gear  Axle  Made  from  Chrome-Nickel  Bar  Stock 


differential  housing  rigidly  to  the  load-carrying  member 
is  that  under  any  deflection  of  the  axle  the  jackshaft  will 
flex  with  it  and  thus  maintain  the  line  contact  of  the 
spur  gears,  whereas,  if  these  members  are  not  attached 
together  rigidly,  any  strain  in  the  load-carrying  member 
will  deflect  it  and,  since  the  shaft  with  the  pinions  is  not 
deflected,  only  the  outer  edges  of  the  teeth  will  come  in 
contact  with  the  internal  gears. 

The  internal  gear  is  attached  to  the  wheel  hub  by  a 
press  fit  and  12  5/16-in.  rivets,  as  shown  at  a;  in  the 
assembly  drawing.  This  is  claimed  to  be  a  distinct  ad- 
vantage over  the  constructions  where  the  ring-gear  is 
held  in  place  by  bolts  passing  through  the  gear  and  the 
woodwheel,  where  the  gear  is  seated  on  a  wooden  sur- 
face.    Attaching  the  gear  to  the  hub  direct  provides  a 


metal-to-metal  contact,  which  tends  to  keep  the  gears  in 
line,  while  when  it  is  attached  to  the  wheels  by  bolts  it 
is  liable  to  distortion  when  drawing  up  the  bolts  in 
assembling.  The  brake-drum  y  is  mounted  on  the  wheel 
to  admit  of  some  space  between  it  and  the  internal  gear, 
thereby  allowing  suflicient  room  for  the  brakes,  which 
may  both  be  placed  inside  the  drum,  if  the  latter  is 
widened.  In  the  drawing  one  internal  and  one  external 
brake  are  shown,  and  a  sheet  metal  ring  z  is  employed 
to  keep  dust  and  dirt  from  the  spur  gears  and  to  shield 
the  brakes  from  the  lubricant  of  the  gears.  The  attach- 
ment of  the  brake-shaft  bracket  to  the  I-beam  is  shown 
in  the  assembly.  It  is  stated  by  the  makers  that  this 
%-ton  axle  weighs  about  the  same  as  a  bevel-gear-drive 
axle  suitable  for  a  3000-lb.  passenger  car,  due  chiefly 


Fig.  20 — A  1-Ton  Bevel-Drive  Axle  for  Trucks  Equipped  with  Pneumatic  Tires 


Mil 


\   gust,  1928 


S„ 


. 


Till,  .mi  k\  \I   "I    I'lIl.MHii   l\   OF   M    rOMOTIVE  ENGINEERS 


r  ^ 

r 


A  VLB 


be  fact  that  the  power  transmitting  parts  are  light, 
the  live  axle  and  the  bevel  gears  not  being  subjected  to 
the  maximum  torque. 

In  the  Russell  internal-gear  axle,  shown  in  Fig.   19,  I 
round  axle,  made  from  chrome-nickel  bar  stock,  is 

•ated  at  the  mill,  which  is  claimed  to  give 

uniform    physical    properties     throughout.      The    load- 

_•  member  is  behind  the  jackshaft,  which  permits 

:ter  propeller-shaft.     Furthermore,   by 

having  the  jackshaft  pinion  in  front  of  the  wheel  center 

the  pressure  of  the  driving  pinions  on  the  internal 

:  wnward.  and   this   reduces   the   load   on    the  wheel 
ngs  considerably.     If   the   pinions   are   behind   the 
dead  axle,  the  bearing  pr>  rising  from  the  drive 

are  added  to  those  due  to  the  static  load  on  the  wheel. 
The  jackshaft  housing  is  entirely  independent  of  the 
load-carrying  axle,  and  it  is  not  rigidly  bolted  to  it.    With 
all  load  carriers  there  is  some  deflection  due  to  the  strain 
r.e  metal,  especially  under  severe  service,  and  it   is 
claimed  that  by  not  having  the  jackshaft  rigidly  attached 
■  e  axle  no  part  of  the  strain  of  the  load-carrying 
■insraitted  to  the  jackshaft.     The  jackshaft  housing 
.'idly  attached  at  one  end  to  the  brake  support  and 
loosely  on  the  other  end.    A  certain  flexibility  is  thereby 
when    the    load-carrying    member    is    defb 
r  load  or  when  the  traction  on  one  wheel  should  be 
<;r  than  on   the  other,   which,    it   is   said,   tem'. 
pre*.  ignment  between  the  spur-gear  pinion 

.xle  has  a  normal  capaci' 
The  maximum  load  on  both  spring-pad 
h  includ-  rtion  of  the  I   the 

ring-pad.-.     There 
nner  races  of  the  wh< 


il»  or 


but     the-    construction    embodies    the    adjustment 
adopted  by  the  Society    for   front-wheel   bearings  that 

eliminates   this   spacer. 

A  pressed-steel  cover  having  a  fell  packing  on  its 
phery  is  mounted  within  the  brake-drum,  to  exclude 
dirt  from  the  internal  gear  and  to  prevent  the  gear 
lubricant  from  reaching  the  brake-band.  It  is  attached 
to  the  brake  support  a  by  bolts  as  shown,  and  is  centered 
upon  the  wheel  spacer.  A  felt  ring  is  provided  for  the 
jackshaft  outer  bearing.  The  jackshaft  pinion  can  be 
removed  without  disturbing  the  jackshaft.  The  jack- 
shaft  torque-yoke  shown  at  the  right  is  keyed  to  the 
jackshaft  housing  and  attached  to  the  brake  support  at 
b  .  thus  carrying  the  entire  torque  reaction,  for  the  jack- 
shaft  housing  is  not  rigidly  attached  at  the  left  side. 

Fig.  2n  is  an  illustration  of  the  Russell  1-ton  bevel- 
drive  axle  for  trucks  equipped  with  pneumatic  ti 
Ball  bearings  are  used  throughout,  New  Departure 
double-row  beaiings  lieing  provided  in  the  wheels  and  at 
the  front  end  of  the  drive-pinion  shaft  to  take  the  thrust 
in  both  directions.  The  axle  is  built  for  a  truck-speed  of 
from  2")  to  36  m.p.h.  The  ratio  in  the  rear  axle  is  6.33  to 
1.  and  to  give  sufficient  road  clearance  the  pinion  has 
only  six  teeth. 

Fig.  21  shows  the  construction  of  the  3'^  and  5-ton 
internal-gear  drive  axles  of  the  White  trucks  illustrated 
in  Fig.  22.  In  these  axles  the  White  Company  uses  one  in- 
ternal brake  at  the  rear  wheels,  serving  as  the  emergency 
brake,  and  a  foot-operated  propeller-shaft  service  brake. 
The  first  reduction  is  obtained  by  spiral  bevel-gears  in 
the  center  of  the  axle  and  the  second  by  the  pinion  o  . 
Fig.  21,  which  is  supported  by  two  ball  bearings  d,  and 
splined  to  the  axle  or  drive-shaft  <•, ;  this  pinion  meshes 
with  an  idler  or  intermediate  gear  /,,  running  on  Hyatt 
roller  bearings,  which  in  turn  meshes  with  the  wheel 
ring-gear  (/,,  which  is  plainly  visible  at  the  right  of  Fig. 

22.  The  joint  between  the  wheel  and  axle  housing  is 
near  the  housing  center  at  h  ,  Fig.  21;  hence  the  gears 
can  run  in  a  bath  of  oil  with  less  danger  of  leakage  than 
if  there  were  a  joint  at,  or  near,  the  periphery  of  the 
drum.  The  wheels  are  full-floating,  each  wheel  being 
supported  by  two  ball  bearings,  i,  and  /,,  placed  a  great 

nee  apart  to  reduce  the  bearing  pressures. 
In  the  intemal-gear-drive  axle  used  on  the  1-ton  truck 
built  by  the  International  Harvester  Co.,  shown  in  Fig. 

23,  the  load-carrying  member  k\  is  a  chrome-nickel  steel 
forging  having  a  round  section  like  the  Russell,  except 
that  in  the  center  it  is  flattened  out  and  curved  to  make 
room  for  the  differential  housing.  The  latter  is  piloted 
to  the  differential  carrier  as  shown.  The  driving-shafts 
'  are  exposed  between  the  differential  housing  and  the 
brak'  castings  which  contain  the  spur-gear 
pinion.  The  internal  gear  is  enclosed  by  this  brake- 
luppoii    casting    to    which    are   fitted    the   two    internal 

riding  brakes.     All   the   tx  are  "f  the  Hyatt 

roller  type  with  the  exception  of  a  double-row  bearing 
tor  the  internal  spur-gear  pinion.  The  lateral  thrust 
againsi  the  wheel  in  either  direction  is  taken  by  the  two 
.  one  of  bronze  placed  between  two 
All  the  Hyatt  bearings  in  these  axles  are 
of  the  same  size,  which  is  an  advantage  when  repairs  are 

and  the  drive  fits  of  the  vari- 
ous parts  are  noted. 

Fig.  21  gives  a  general  view  of  the  1  to  1  '    -ton  Walker- 

ick  axle  built  by  the  Flint  Motor  Axle  Co.    The 

reduction  is  obtained  in  the  center  of  the  axle  by  a 

pair  of  bevel  gears;   the  other  reduction  takes  place  at 

v  of  each  wheel  through  a  stationary  ring  gear 

and  three  pinions  attached  to  the  wheel  driving-cap.    This 
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Pig.   23 — Internal-Gear-Drive  Axle  Used  on  a  1-Ton  Truck 


is  said  to  reduce  the  size  of  the  gears  required.  By  hav- 
ing a  plurality  of  pinions  the  tooth  pressure  is  small  as 
compared  with  the  single  pinion  drive;  hence  smaller 
gears  may  be  employed.  The  main  shaft,  made  of  chrome- 
nickel  steel,  has  attached  to  its  outer  end  a  gear  pinion 
which  meshes  with  three  planetary  or  idler  gears  that 
are  in  mesh  with  the  stationary  ring-gear.  When  the 
shaft  rotates  the  pinion  m,  at  its  outer  end  drives  the 
idler  gears  nr  The  ring-gear  i\,  being  stationary, 
takes  the  reaction  from  the  idler  gears.  In  this  man- 
ner these  idler  gears,  which  are  studded  to  the  wheel 
driving-flange  p„  rotate  about  the  studs  and,  since  the 
ring-gear  is  stationary,  the  driving-flange  will  be  ro- 
tated in  a  forward  direction,  the  same  as  the  drive- 
shaft.  The  housing,  which  covers  the  driving-shaft, 
serves  as  the  load-carrying  member.  The  wheel  bear- 
ings, the  driving  pinions  and  idler  pinions  run  in  a  bath 


of  oil.  As  in  full-floating  axles  in  general,  the  gears 
can  be  replaced  without  jacking-up  the  truck  or  re- 
moving the  wheels.     It  is  claimed  that  in  this  construc- 


Fig-  25 — An  Axle  with  a  Round  Load-Carrying  Member  That  Is 
Bent  in  the  Center  to  Clear  the  Differential  Housing 


Fig.  24 — A  1  to  1%-Ton  Double-Reduction  Truck  Axle 
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tion  the  internal  gears  are  protected  absolutely  from  dust 
ami  grit  and  that  the  oil  Mows  from  one  wheel  to  the 
other  through  the  axle  housing  and  the  differential 

The  Clark  axle,  Fig.  "jr>.  employs  a  round  load-carrying 
member,  bent  in  the  center  to  clear  the  differential  hous- 
ing. In  this  axle  the  drive-shaft  is  in  front  of  the  load- 
larrying  member;  the  advantages  of  such  a  construction 
have  been  cited  before.  The  brake-drum  contains  a  par- 
tition to  separate  it  from  the  internal  gears.  Hyatt  roller- 
bearings  are  employed  to  carry  most  of  the  radial  load, 
while  the  double-row  ball-bearings  at  the  outer  ends  of 
the  axle  ami  at  the  pinion  shaft  are  used  to  carry  a  por- 
tion of  the  radial  load  and  to  take  the  thrust  in  both  di- 
rections, and  thrust  ball-bearings  are  installed  behind  the 
differentia]  housing.  The  internal  gear  is  attached  to  the 
hub  by  bolts  passing  through  the  gear,  the  brake-drum 
and  the  wheel  spokes. 

The  Double-Reduction  Axle 

The  term  double-reduction  axle  as  employed  today  de- 
notes a  two-fold  reduction  in  the  center  of  the  rear-axle 


V-.-KMUI.Y 


Double-Reduction  Truck 
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housing.  In  some  of  the  double-reduction  axles  the  first 
reduction  is  accomplished  by  spur  gears  or  spiral  spur 
gears,  as  in  the  White  iy2  to  2-ton  axle,  and  the  second 
reduction  by  bevel  gears;  while  in  others,  like  the  Auto- 
car and  the  small  Mack  truck,  the  first  reduction  is  by 
bevel  gears  and  the  second  by  spur  gears.  The  Interna- 
tional Motor  Co.,  which  used  a  worm,  as  well  as  a  chain, 
drive  on  its  V/->  to  2-ton  model  for  several  years,  has  re- 
cently abandoned  the  worm  drive  altogether  and  substi- 
tuted a  double-reduction  axle. 

The  main  axle-chamber  is  a  drop-forged  banjo  or  yoke, 
with  hollow  tubular  ends  carrying  the  axle  shafts,  as  in 
the  conventional  live  axle,  with  the  driving  members  en- 
closed within  the  banjo  yoke.  The  drive  from  the  pro- 
peller-shaft is  in  a  straight  line,  passing  first  through  a 
pair  of  bevel  and  then  through  a  pair  of  spur  gears  to  the 
differential.  The  banjo  is  inclined  at  an  angle  of  45  deg., 
to  be  in  a  better  position  to  resist  road  shocks,  when  hit- 
ting obstructions  on  the  road,  which  are  normally  oblique 
in  direction. 

Fig.  26  shows  a  cross-section  through  the  rear  wheel, 
while  Fig.  27  shows  a  section  through  the  double  reduc- 
tion, including  the  differential;  the  flange  q,  being 
a  part  of  the  housing  containing  the  bevel  and  spur 
gears.     The  pinion  is  made  integral  with  the  rear-axle 
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pinion  shaft  r,;  the  latter  drives  the  bevel  gear  keyed 
to  jackshaft  s1(  which  is  integral  with  spur  gear 
tt.  This  spur  gear  meshes  with  the  big  spur  or 
bull  gear  «,.  All  bearings  in  this  axle  are  of  the  Timken 
taper-roller  type;  the  brake-shafts  have  self-lubricating 
bushings.  The  advantages  claimed  for  the  double-reduc- 
tion axle  are  that  its  efficiency  is  constant  throughout 


Fig.  29 — A  Double-Reduction  Rear-Axle  in  Which  the  First 
Reduction  Is  bt   Bevel  Gears  and  the  Second  by   Spur  Gears 

speed  and  load  ranges  and  wear  and  that  it  is  more  dur- 
able than  the  worm  and  the  internal-gear  drives  and,  like 
the  worm  drive,  free  from  dust. 

Another  example  of  a  double-reduction  model  is  the 
White  1%  to  2-ton  truck  axle,  an  assembly  of  which  is 
shown  in  Fig.  28.  The  first  reduction  is  obtained  by 
spiral  spur-gears,  the  drive  coming  through  the  pinion 
countershaft  v„  with  which  the  spur  gear  is  made  inte- 
gral, the  latter  meshing  with  spiral  spur  gear  wx.  This 
gear  is  keyed  to  the  hub  of  the  bevel  pinion  x„  which 
meshes  with  the  bevel  driving  gear  y,.  The  axle  or  drive 
shaft  z,  is  semi-floating,  the  wheel  being  supported  by  ball 
bearing  a,. 


Fig.  31 — Sectional  View  Through  the  Transmission  and  Jack 
Shaft  of  a  Chain-Driven  Truck 

Figs.  29  and  30  show  the  double-reduction  rear  axle 
used  on  the  Autocar  truck.  In  this  axle  the  first  reduc- 
tion is  by  bevel  gears,  and  the  second  reduction  by  spur 
gears.  All  the  gears  are  assembled  on  the  front  cover, 
shown  in  Fig.  30,  while,  for  inspection  and  adjustment,  a 
cover-plate  can  be  removed  from  the  back  of  the  axle 
housing. 

The  pinion  shaft  A  is  mounted  on  two  taper  roller- 
bearings,  which  can  be  adjusted  by  the  two  nuts  B.  The 
pinion  shaft  and  bearings  are  all  mounted  in  a  separate 
case  C  attached  to  the  front  cover.  The  front  end  of  the 
pinion  shaft  is  splined.    A  bevel  pinion  is  pressed  on  this 


Fig. 


30 — A  Double-Reduction  Rear-Axle  in  Which  All  the 
Gears  Are  Assembled  on  the  Front  Cover 


Fig.  32 — A  Side  View  of  the  Assembly  of  the  Chain-Driven  Axle 
Illustrated  in  Fig.  31 

and  is  held  in  place  by  a  nut  and  washer.  This  bevel 
pinion  meshes  with  the  bevel  gear  on  the  jackshaft  which 
forms  a  unit  with  the  small  spur  gear  D,  Fig.  29,  which 
in  turn  meshes  with  the  differential  spur  ring-gear  E. 
By  removing  plug  F,  Fig.  30,  the  adjustment  of  the 
bevel  gears,  when  the  cover  assembly  is  in  the  axle  hous- 
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Sidb  Elevation-  Showing  the  Location  ok  tiik  Bmbbobnct  Brakes  in  thi 
Rear  Wheels 


ing,  can  be  examined.  The  spur  gears  are  located  on 
fixed  centers  of  the  casting,  into  which  adjustable  bear- 
ings are  mounted.  The  whole  front  cover,  with  the  ex- 
ception of  the  bridge  G  on  the  pinion  shaft  case  C,  is  a 
single  casting;  this  bridge  is  used  as  a  clamp  to  hold 
the  bearing  adjusters  and  retainers  in  position.  By  em- 
ploying spur  gears  between  the  jackshaft  and  the  differ- 
ential ring-gear  there  is  no  side-thrust  against  the  ring- 
gear.  The  axle  is  of  the  full-floating  type.  The  wheel  is 
mounted  upon  the  tube  that  carries  the  wheel  bearings. 
This  tube  is  pressed  into  the  axle  housing  under  heavy 

-ure  and  then  held  in  place  by  set-screws.  In  the 
event  of  any  accident,  this  tube  will  sustain  the  damage 
rather  than  the  axle  housing  and  can  be  replaced  at  com- 
paratively lov  In  the  heavy-duty  trucks  the  axle 

nga  are  of  square  section,  and  the  tubes  are  pn 
all  the  way  through  the  casing  into  a  web,  close  to  the 
differential  gears,  thus  reinforcing  the  casing. 

Examples  of  Chain  Final  Drives 

i  sectional  view  through  the  transmission 

and  jackshaft  of  the  Mack  chain-driven  truck.    This  type 

.  the  International  Motor  Co.  on  all  of 

eavier  model-.     A-   may  be  noted  from  the  drawing. 

the  •  ion  case  is  bolted  to  the  jackshaft  case  as  is 

shown  more  clearly  in  Fig.  32,  which  is  a  side  view  of  the 

eetion  through  the  jackshaft.    The 

••  made  of  nickel-alloy  steel  and  ar<- 

ameter. 

The   entire   transmission    and   the   differential    in   the 

.-ing  are  supported  on  Timken  roller-bear- 

eption  of  the  self-aligning  S.K.F.  pilot 


bearing  in  the  pinion  gear  and  the  ball  bearings  at  the 
outer  ends  of  the  shafts.  The  service  brake-drum  hubs 
are  keyed  to  the  outer  tapered  ends  of  the  shafts  and  the 
driving  sprockets  ft.  Fig.  31,  are  bolted  to  these  hubs. 
The  service  brakes  on  the  drum  d.  are  of  the  external 
contracting  type,  5  in.  in  diameter  and  3  in.  wide.     The 
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gal  'Overall 
8 

H — Detail  of  the  Rectangular  Khar-Axle  of  a  6-T 
wn-Driven  Tim 

emergency  brakes  are  located  in  the  rear  wheels  (see  Fig. 
33  I  and  are  20  in.  in  diameter  and  3'j  in.  wide. 

The  wheels  are  of  the  full-floating  type  and  the  drive 
is  through  a  radius-rod  e.  which  also  performs  the  func- 
tions of  a  torque  and  thrust-rod.  The  rear  end  of  the 
rod  is  fastened  to  the  brake  supports  by  rivets  /,.  This 
rod  is  provided  with  a  ball-and-socket  joint  at  its  front 
end.  The  large  sprockets  g,  are  integral  with  the  brake- 
drum  of  the  rear  wheels.  In  chain-driven  axles  the  rear 
axle  is  simply  a  load-carrying  member  or  dead  axle.  A 
detail  of  this  axle  as  used  on  the  5-ton  model  is  given  in 
Fig,  84,  showing  this  axle  to  be  of  rectangular  section, 
d '-.  in.  deep  and  2%  in.  wide. 


WIN  I  l.K    1  I  -  I  -  SHOW  LOWEH  MILEAGE  WITH  HEAVY  FUELS 


I  '.tie  that  v.a-   presented  at 

•  -Annual  Meetinj;  by  Dr.   11.  C.  Dickinson 

■'■  arner   and   that  wan   printed   in   the   July 

iaeue  jjofp-ar/hica'i   error  was   made   in 

.!.'«•  fnel-coneuniptlon  in  the 


fourth  line  of  the  second  column  on   p,  91.     A     printed  the 

inent  was  made  that   ■■r,i<l<,    urintei   conditions  thei 
a  small  but  definite  increase  in  average  fuel-consumption  of 
about  .'JO   per  cent."     This   figure   should  be   3   per  cent     ai 
would  Ik-  perfectly  obvious  from  the  context. 
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Members    Inspect    Roller   Bearing   Factory    and   Enjoy 
Afternoon  of  Sports 

It  was  a  heyday  in  Canton  on  July  13.  Despite  the  age- 
worn  prejudice  set  up  against  Friday  the  13th  by  those 
addicted  to  superstition,  some  65  members  of  the  Cleveland 
Section  of  the  Society  gathered  in  the  village  made  famous 
by  tapered  rollers  to  disport  themselves  as  the  guests  of 
H.  H.  Timken  and  his  diminutive  supporters,  Porter  and 
Buckwalter.  John  Younger  writes  that  "only  a  schoolgirl 
with  a  rich  choice  and  selection  of  adjectives  could  do  justice 
!o  the  party,"  and  we  have  no  reason  to  question  the  veracity 
of  Cleveland's  energetic  chairman. 

The  morning  was  spent  in  making  a  very  thorough  in- 
spection of  the  Timken  Roller  Bearing  Co.'s  plant,  the  party 
being  escorted  by  guides  who  had  been  schooled  to  explain 
manufacturing  operations  to  the  minutest  detail.  The  Tim- 
ken factory  is  unique  in  that  it  houses  under  one  roof  all 
of  the  operations  necessary  to  the  production  of  anti-friction 
bearings  from  nature's  basic  materials.  The  members  were 
enabled  to  see  the  production  of  molten  steel,  the  pouring 
of  the  ingots,  and  the  rolling  of  the  blooms.  The  manu- 
facture of  tubing,  bar-stock  and  wire  proved  to  be  intensely 
interesting.  Every  step  in  the  fabrication  of  finished  bear- 
ings was  explained  to  the  visitors.  The  inspection  was  con- 
cluded with  a  visit  to  the  departments  where  the  hardening, 
the  grinding  and  the  final  assembly  were  carried  on.  All 
agreed  that  the  Timken  factory  represented  the  last  word  in 
efficiency  and  presented  a  highly  interesting  show  place  be- 
cause of  the  great  diversity  and  comprehensiveness  of  the 
operations  carried  on  within  its  walls. 

Following  the  inspection,  the  members  partook  of  a  Tim- 
ken lunch  and  adjourned  to  the  shores  of  Canton's  famous 
Congress  Lake.  Here  the  party  split  into  three  sections; 
the  followers  of  Gene  Sarazen's  pet  diversion  hied  them- 
selves to  number  one  tee;  students  of  Izaak  Walton  rippled 
the  placid  waters  with  hook  and  sinker,  and  the  wakeful  ones 
of  the  remaining  assembly  disported  themselves  in  heated 
contests  of  brain  and  brawn.  Prizes  were  given  to  the  win- 
ners of  the  numerous  events,  and  the  struggle  for  these  em- 
bittered the  combatants  to  a  state  of  teeth-gnashing.  The 
tug-of-war  setting  was  devised  by  some  engineer  with  a 
creative  mind  and  a  respect  for  action.  The  rope  was 
stretched  across  a  narrow  creek  whose  banks  were  of  about 
the  same  consistency  as  600  W.  The  opposing  teams  battled 
to  see  which  one  would  have  the  privilege  of  negotiating  the 
ford,  truly  an  enticing  reward.  The  canoe-tilting  event  re- 
flected exceptionally  intimate  knowledge  of  modern  naval 
tactics  on  the  part  of  the  participants.  Dr.  Georg  Made- 
lung,  bird  of  the  air,  proved  to  be  accomplished  in  submarine 
conduct  also;  the  Armstrong  brothers,  in  deference  to  their 
name,  proved  the  value  of  team-work  in  the  tilting  event. 

The  prize  fish  of  the  day  was  captured  by  W.  H.  Lolley 
after  a  hard  tussle.  Proud  of  its  single  ounce  of  weight, 
this  diminutive   representative  of   Canton's  finnish  populace 


Tuning   Up  for  the  Boat  Races  on  Congress  Lake 

met  its  master  and  succumbed.  Stuart  Cowan  sank  the 
winning  putt  on  the  eighteenth  green  and  Ernest  Wooler 
sported  the  healthiest  drive  in  the  golf  events.  B.  H.  Blair 
drew  the  violet  ribbon  for  his  all-round  efficiency  in  the 
athletic  contests.  His  victory  in  the  shot-put  was  made 
possible  by  the  barring  of  "Tiny"  Buckwalter  because  of 
the  latter's  affiliation  with  the  Timken  clan,  which  was  act- 
ing as  host  of  the  day. 

The  completion  of  the  sports  events  found  the  majority 
of  the  contestants  completely  deenergized  and  possessed  of 
the  proverbial  appetite  of  the  .small  boy.  Though  less  active 
in  body,  the  spectators  likewise  had  become  exhausted  from 
the  violent  exertions  demanded  by  boisterous  mirth  during 
the  afternoon's  carnival.  The  three  units  of  the  party  were 
reassembled  at  eventide  and  appeased  their  respective  hun- 
gers at  the  Timken  board.  The  gathering  was  addressed 
briefly  by  H.  H.  Timken,  who  had  proved  to  be  himself  an 
able  host.  He  related  how  years  ago  he  had  journeyed  to 
New  York  City  to  hire  an  engineer  and  had  returned  with 
Herbert  W.  Alden,  president  of  the  Society,  to  whom  he  was 
forced  to  pay  more  than  he,  Timken  himself,  was  getting. 
The  prizes  were  awarded  to  the  victors  of  the  day,  songs 
were  sung  and  a  weary  but  happy  group  of  engineers  re- 
turned to  their  respective  havens. 

The  Cleveland  Section  is  carrying  its  active  program  of 
meetings  through  the  summer  season,  specializing  in  in- 
structive inspection  trips  through  representative  automotive 
manufacturing  plants.  The  next  visit  will  be  made  to  the 
factory  of  the  Firestone  Tire  &  Rubber  Co.  in  Akron  during 
the  month  of  August.  Full  particulars  of  the  meeting  ar- 
rangements can  be  secured  from  L.  L.  Williams,  secretary  of 
the  Section,  who  may  be  addressed  at  1051  Lakeview  Road, 
Cleveland. 
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Fa  [NG  the  presentation  of  this  paper  by  I.. 
•lson  a  general  diacUBSion  was  hail  t>y  those 
present.    In  ^se  an  effort  has  been  made  to 

the  speakers  go  over  their  remarks  before  publiea- 
:th  the  customary  practice  of  the 
For  the  convenience  of  the  members  a  brief 
>f  the  paper  precedes  the  discussion  with  a  ref- 
erence to  the  issue  of  The  Journal  in  which  the  paper 
appeared  so  that   members  who  desire  to  refer  to  the 
complete  text  as  originally  printed  and  the  illustrations 
that  appeared  in  connection  therewith  can  do  so  with  a 
minimum  of  effort. 

ABSTRACT 

IN  this  paper  there  are  discussed  the  general  require- 
ments of  a  comparatively  new  type  of  marine  engine, 
that  is,  the  high-speed  type.  The  need  for  light  weight 
is  discussed  and  it  is  pointed  out  that  aircraft-engine 
design  has  established  a  good  precedent  to  follow,  par- 
ticularly with  reference  to  crankshaft,  connecting-rod, 
piston,  cylinder  and  valve  design. 

Detailed  discussion  then  follows  concerning  the  re- 
quirements of  this  type  of  engine  in  respect  to  cooling, 
lubrication,  starting,  idling  and  general  operation.  The 
equipment  to  be  furnished  with  the  engine  is  covered  in 
a  general  way  and  the  installation  requirements  are 
touched  upon. — [Printed  in  the  March  issue  of  The 
Journal.] 

THE  DISCUSSION 

Leonard  Ochtman,  Jr.  : — In  any  consideration  of  air- 
craft engines  as  applied  to  marine  practice,  we  should 
take  into  account  the  fact  that  there  are  three  supreme 
requirements  for  an  aircraft  engine;  light  weight,  high 
power  and  minimum   fuel-consumption.     Those  are   de- 
sirable characteristics  for  a  marine  engine,  but  they  can- 
not always  be  obtained  because  light-weight  construction 
usually  is  at  the  expense  of  great  reliability;  also,  it  is 
e  on  account  of  the  extra  machine  work  that 
be  done. 
I..  M.  W  -Reliability  is  a  very  pertinent  fac- 

•    i»een  covered.    When  first  designed, 
Liberty  engine  was  required  to  go  through  a  50-hr. 

I  extremely  severe;  very  few  air- 
would  go  through  a  50-hr.  test  at  that  time. 

ind  the  Navy  is  to  be  commended  for 

:  in  taking-on  all  its  aircraft  engines  only  after 

I  believe  the  present  automobile-engine 

br.     Hence  the  aircraft  engine  I 

■  bile  engine.     W(  an  engine 

the  end  of  '500  hr.  that  engine 

.'•  developed  something  like 
ring  th;  iismantled  and  re- 

assembled and  the  only  work  done  was  in  regrinding  the 
many   strictly   marine   engines   would   go 
riout  trouble,  and  how  many  would 

II  as  this  so-called  light-weight  air- 


'.     In     charge     of     en«ineerlng.     Packard 
Motor  C»r  Co  .  D+troK. 


1  take  issue  with  the  thought  that,  in  a  marine  engine, 
the  lack  of  weight  moans  a  lack  of  reliability.  In  some 
late  Navy  work,  it  has  been  shown  that  there  is  no  con- 
Dection  between  light  weight  and  reliability.  We  are  now 
laying  down  an  engine  some  200  lb.  lighter  than  the 
Liberty  engine,  but  it  develops  more  power,  is  far  more 
compact  and  has  far  lower  stresses  in  all  the  main  parts 
such  as  the  connecting-rods,  the  bearings  and  all  the  parts 
that  count.  It  is  just  a  matter  of  studying  where  the 
weight  should  be  put.  The  cylinder  on  this  engine  is  of 
51  >-in.  bore;  the  weight  of  the  cylinder  is  9  lb.  The  only 
way  we  are  able  to  get  these  high  mean-effective  pres- 
sures is  by  keeping  the  exhaust-valves  very  well  cooled. 
I  think  everybody  admits  that  it  is  practically  impossible 
to  cool  an  exhaust-valve  that  is  seated  on  a  thick  cast-iron 
wall  as  well  as  one  seated  on  a  light  steel-wall.  It  has 
been  recognized  that  we  cannot  get  this  super  perform- 
ance and  light  weight  at  anything  like  the  same  expense 
that  we  can  build  the  heavier  engine ;  on  the  other  hand, 
we  must  also  recognize  that  the  high-speed  express- 
cruiser,  for  which  these  engines  are  intended,  is  essen- 
tially a  rich  man's  hobby  and  must  always  be  so. 

.Mr.  Ochtman: — It  undoubtedly  is  true  that  aircraft- 
engine  design  has  gone  far  ahead  of  that  of  any  other 
type  of  engine  within  the  past  few  years,  and  much  can 
be  learned  from  it  as  regards  engine  performance,  such 
as  power  output  and  economy,  and  its  reliability  while 
retaining  the  light  weight. 

Chris  Smith: — I  am  an  aviation-engine  man  and  be- 
lieve that  there  is  much  difference  between  a  good  avia- 
tion engine  and  a  good  marine  engine.  I  am  satisfied 
that  the  light,  properly  constructed  aviation-engine  will 
outwear  any  marine  engine  we  have  ever  made.  The 
marine  engine  man  has  not  had  the  money  with  which  to 
experiment.  A  moderate  sized  factory  could  produce  all 
the  marine  engines  made;  consequently,  the  income  from 
them  has  been  limited. 

The  difference  between  the  cast-iron  and  the  steel  con- 
necting-rod lies  in  the  weight,  and  yet  the  litfht  rod  can 
stand  the  gaff.  If  I  were  searching  for  reliability,  I 
would  choose  the  aviation  engine.  The  engine  is  one  part 
of  the  proposition  and  the  boat  is  the  other;  the  model 
of  the  boat  must  be  very  accurate.  We  used  four  Liberty 
engines  in  Miss  America.  She  showed  a  little  weakness 
along  the  forward  keel  the  day  before  the  races,  and  two 
•  i-ft.  lengths  of  sheet  hard  brass,  4  in.  wide  and  3/16  in. 
thick,  were  screwed  to  the  bottom  of  the  boat  to  stiffen 
the  keel,  where  the  si  were  coming.     They  cham- 

fered the  forward  end  of  the  brass  and  carried  it  back  to 
the  step.  They  took  the  boat  out  and  could  not  keep  her 
in  the  water.  Afterward,  they  let  the  brass  extend  3/16 
in.  into  the  wood  to  eliminate  that  rough  edge  and  it 
worked  all  right.  Much  depends  on  the  construction  in 
getting  a  boat  to  perform  just  right. 

W.  C.  Wakk:— Engines  that  run  more  than  1400  r.p.m. 
are  hardly  in  our  class.  Some  of  the  marine-engine 
builders  seem  to  think  they  have  found  a  necessity  for 
oil  cooling  even  at  that  speed  but,  after  conducting  many 
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experiments  we  find  we  can  do  without  it  very  nicely.  We 
keep  our  oil-temperature  down  around  115  deg.  fahr. 
without  any  difficulty-.  No  trouble  from  very  poor  ven- 
tilation in  engine  compartments  has  been  encountered. 
We  have  found  a  30-deg.  fahr.  lower  oil-temperature  dur- 
ing the  boat  test  than  on  the  regular  block-test  which 
proves  pretty  well  that  good  ventilation  can  be  obtained 
in  engine  compartments.  In  reference  to  reverse  gears, 
we  are  strongly  of  the  belief  that  manufacturers  should 
design  reversing  gears  that  can  be  flanged  on  to  the  rear 
end  of  the  crankshaft.  This  does  not  mean  much  to 
manufacturers  because  they  can  put  the  present  type  of 
gear  on  without  difficulty,  but  the  man  who  has  to  take  a 
reverse  gear  off  "out  in  the  woods"  without  proper  gear 
pullers  has  a  serious  job  on  his  hands. 

Chairman  L.  C.  Hill: — The  matter  of  accessibility  in 
marine-engine  design  is  very  important.  In  looking  over 
some  of  the  designs  in  the  motorboat  show,  I  find  numer- 
ous cases  where  accessories  such  as  starting  and  lighting 
generators  cannot  be  removed  without  taking  off  many 
other  parts  on  the  boat  or  the  engine.  A  few  of  the  more 
progressive  builders  are  adopting  removable  cylinder- 
heads.  The  average  marine  engine  in  the  cock-pit  of  a 
boat  is  in  about  the  most  inaccessible  position  possible; 
it  is  certainly  much  easier  to  clean,  grind  valves  and  the 
like  with  the  removable  head  and  that  should  have  been 
recognized  in  the  motorboat  field  long  ago.  Accessibility 
may  not  be  so  important  in  boats  using  high-speed  avia- 
tion-engines, because  those  people  have  plenty  of  me- 
chanics and  they  usually  lift  the  engine  out  of  the  boat 
to  make  major  repairs.  I  have  noticed  boats  with  the  oil 
coolers  attached  to  the  bottom  of  the  crankcase.  That 
necessitates  the  complete  removal  of  the  engine  from  the 
boat  if  there  is  ever  any  trouble  due  to  any  clogging  up 
of  the  oil-cooling  apparatus.  Another  example  I  have 
seen  repeatedly  is  the  installation  of  an  engine  with  ac- 
cessories mounted  over  the  lag-screw  holes  in  the  crank- 
case  flanges.  That  must  be  remedied.  It  is  often  im- 
possible to  get  a  lag  screw  of  proper  length  into  the  space 
that  is  allowed  between  the  bottom  of  the  cylindrical  gen- 
erator and  the  hole  in  the  crankcase  flange. 

H.  L.  BROWNBACK: — Many  engines  have  oil  gages  in 
very  inaccessible  places  so  that,  when  a  man  fills  the  en- 
gine with  oil,  he  cannot  tell  how  much  oil  he  has.  In  one 
case  we  have  drilled  through  one  of  the  studs  going  from 
the  cylinder-heads  down  through  the  main-bearing  caps 
to  the  sump  and  put  a  float  and  a  rod  with  a  little  red 
ball  on  top  so  the  man  can  see  what  the  oil  level  is. 

George  W.  Wesley: — The  reverse-gear  manufacturers 
are  absolutely  confined  by  a  cast-iron  fence.  They  have 
a  compartment  on  the  rear  end  of  the  engine.  If  we 
consider  making  the  least  change  or  improvement,  we 
have  to  go  all  over  the  basic  plans  of  every  manufacturer 
that  we  are  selling  and  keep  within  that  fence;  some- 
times there  is  less  than  %-in  clearance.  The  reverse-gear 
manufacturer  has  to  make  a  product  that  can  be  sold  com- 
mercially and  to  the  largest  number  of  engineers.  When 
it  gets  down  to  making  a  special  job  for  each  one,  it  will 
make  the  expense  too  great.  We  are  confined  by  the 
price  and  the  cast-iron  fence  that  the  engine  builder  puts 
around  the  rear  end.  The  reverse  gear  has  to  be  manu- 
factured to  be  commercially  practical,  but  if  we  make  any 
changes,  those  changes  have  to  take  into  consideration 
every  engine  factory  that  we  are  selling.  We  have  had 
discussions  on  changes  that  lasted  for  hours.  We  prob- 
ably have  from  75  to  100  different  designs  for  reverse 
gears  in  our  office.  Some  of  them  we  consider  ideal,  but 
when  we  endeavor  to  provide  each  engine  builder  with  a 
reverse  gear  that  will  meet  his  requirements,  we  are  up 


against  a  pretty  stiff  proposition ;  so,  we  have  to  satisfy 
the  majority  of  cases  and  not  individual  ones.  If  we 
make  a  change,  that  change  must  be  such  that  it  can  go 
into  every  compartment  of  every  engine  builder  we  are 
selling. 

Chairman  Hill: — The  motorboat  industry  has  not  ap- 
preciated that  any  clutch  and  any  transmission  will  fit  the 
rear  end  of  any  engine  in  an  automobile  or  motor  truck 
today  because  S.  A.  E.  Standards  are  followed.  The 
Society  has  endeavored  many  times  to  bring  about  such 
standardization  in  the  motorboat  field.  It  will  save  an 
immense  amount  of  work,  not  only  in  the  engine  con- 
struction itself,  but  in  the  mounting  of  electrical  starters, 
generators,  clutches,  reverse  gears  and  other  detachable 
units.  The  Society  is  ready  to  apply  standardization  to 
the  motorboat  field  at  any  time  the  industry  will  join 
with  us  in  establishing  such  standards  and,  moreover,  will 
use  them  when  once  formulated. 

Mr.  Wesley: — Formerly,  in  our  gear  works,  we  built 
a  different  brake  band  and  different  after-bearing;  the 
base  would  vary  from  1  in.  above  the  central  line  of  the 
shaft  to  1  in.  below.  We  have  been  working  on  the  elim- 
ination of  different  parts  so  that  practically  every  brake 
band  and  after-bearing  would  be  on  the  central  line  of 
the  shaft ;  now,  practically  all  of  them  were  on  that  basis, 
if  we  can  get  the  other  standardization  that  we  have  been 
working  on  ourselves,  and  if  the  Society  will  influence 
the  engine  builders  along  the  same  line,  much  benefit  for 
everybody  will  result. 

Mr.  Ware: — The  gear  manufacturers  are  fairly  close 
together  now  and  very  little  work  is  needed  to  standard- 
ize them  further  so  that  a  number  of  different  gears 
could  be  dropped  into  the  same  case.  We  have  looked 
into  this  very  carefully  in  the  last  2  years.  The  gears 
are  fairly  well  standardized  now  for  lengths  and  diam- 
eters ;  the  main  difficulty  lies  in  the  position  of  the  cross- 
shaft  bearing,  that  is  the  shaft  which  controls  the 
clutches.  When  standardized  in  the  manufacture  of  a 
gear-case  cover  that  carries  this  cross-shaft  bearing,  it 
cannot  be  changed  even  %-in.  without  spending  a  con- 
siderable sum  of  money  on  patterns  and  fixtures.  It 
would  seem  to  us  that  the  reverse-gear  manufacturers 
should  get  together  with  a  view  to  keeping  their  new 
equipment  interchangeable  with  one  another. 

Chairman  Hill  is  right  in  saying  that  there  should  be 
more  motorboat  standardization.  Our  company  stands 
ready  to  do  anything  it  can  along  this  line.  It  is  highly 
desirable.  We  use  the  S.  A.  E.  Standards  in  every  pos- 
sible way  and  many  a  design  is  thrown  out  because  it  is 
not  adaptable  to  them. 

Commander  S.  M.  Kraus: — We  have  had  cases  where 
a  single  ship  of  the  Navy  was  supplied  with  power  boats 
that  had  engines  of  five  different  types  and  ignition  ap- 
paratus of  seven  or  eight  different  types.  Where  some 
of  the  engines  were  of  the  same  manufacture  but  of  dif- 
ferent model  with  different  ignition  apparatus,  it  thus 
became  necessary  to  carry  spare  parts  for  about  three  or 
four  times  as  many  engines  as  we  should  have.  The  re- 
sult was  that  the  Department  has  felt  that  it  was  almost 
impossible  to  buy  its  power-boat  equipment  in  the  open 
market.  We  do  not  want  to  build  it,  but  we  cannot  keep 
it  running  if  we  have  so  many  different  kinds.  I  think 
that  nothing  would  be  more  important  to  the  industry 
than  to  standardize,  although  the  standards  should  not 
be  too  rigid. 

In  reference  to  the  relative  cost  of  the  light-weight  and 
the  medium-weight  engines,  sooner  or  later  we  will  find 
that  there  is  a  field  for  the  application  of  marine  engines 
where  the  higher  price  of  the  light-weight  engine  will  be 
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boat  and  its  equipment  to  the  owner  who  wants  a  pleas- 
ure a  working  boat,  be- 
ill  render  the  boat  useful 
•  therwise  do  not  attempt  with  the 
rela'  all  marine  engine.  We  found  that  to  be  true 
in  many  directions  in  naval  ve- 
in cargo  and  passenger  ships  using  internal- 
combustion  engines,  there  is  considerable  reluctance  to 
compare  them  with  the  cost  of  Diesel  and  other  powei  - 
plat.-  rertooked  the  chief  difference  and 
have  compared  the  ships  and  their  powerplants,  ship  for 
ship,  but  with  different  powerplants.  I  think  the  same 
situation  will  be  found  in  the  power  boats  and 
marine  engines  in  which  you  are  interested.  Freight 
and  passenger-steamship  owners  are  discovering  today 
that  they  must  not  compare  a  vessel  of  certain  dimensions 
that  is  designed  for  one  kind  of  power  with  the  same  size 
equipped  with  another  type  of  power.  You  can 
build  a  radically  different  boat,  get  a  very  radii  ally  dif- 
ferent service,  apply  it  to  radically  different  purp 
and  incur  great  additional  expense,  but  with  superior 
economy  that  you  can  build  into  the  boat  at  the  same 
time.     I  believe  superior  economy  would  cost  nothing. 

A.  D,  T.  I.ibby: — I  saw  an  engine  at  the  Chicago  auto- 
mobile show  that  is,  to  my  mind,  the  coming  engine,  not 
only  in  the  marine  field  but  in  the  farm-tractor  field  and 
in  the  automobile  field  itself.  It  answers  many  of  the 
criticisms  that  have  been  directed  toward  the  Diesel 


^l  engine,  one  of  which  is  that  the  Diesel  engine  is  very 
heavy  with  respect  to  the  amount  of  horsepower  deliv- 
ered. This  new  engine  is  of  the  semi-Diesel  type  ami 
away  with  many  of  the  objectionable  features  of  the 
Diesel  engine,  such  as  the  air  compressor  and  the  air 
coolers,  ami  the  weight  is  very  much  less,  comparative^ 
speaking.  I  believe  that  it  would  be  lighter  than  our 
lues. •nt  automobile  engines  tor  the  horsepower  delivered. 
The  builder  claims  that  this  little  engine  will  consume  as 
little  as  (i.l  lli.  of  fuel  pel-  b.hp-hr..  an  enormous  advan- 
tage; it  is.  therefore,  an  engine  light  in  weight  and  high 
in  fuel  economy.  None  of  the  difficulties  that  Mr.  Wool 
son  mentioned  with  reference  to  carbureter  and  ignition 
troubles  are  encountered  in  this  engine  because  it  uses  no 
carbureter  and  has  no  ignition  system  because  it  is  of  the 
high-compression  type. 

Chairman  Hh.l: — It  may  straighten  out  a  misappre- 
hension held  by  some  people  to  say  that  the  Society's 
standardization  work  does  not  mean  standardization  to 
the  point  of  telling  a  man  what  bore  and  stroke  an  engine 
should  have,  what  type  of  water-jacket  or  any  similar 
matter  of  design.  The  S.  A.  E.  Standards  relate  princi- 
pally to  dimensions   resulting  in   interchangeability. 

.1.  C.  VINCENT:— J  believe  our  chairman,  Mr.  Hill, 
touched  on  a  very  important  point  when  he  compared  the 
automobile  industry  with  the  motorboat  industry  in  re- 
spect to  interchangeability  as  a  result  of  following  stand- 
ards. As  very  few  of  the  marine  engine  builders  manu- 
facture their  own  reverse  gears  it  would  be  a  matter  ol 
great  convenience  and  represent  an  important  economic 
advantage  if  different  makes  of  reverse  gear  could  be 
applied  to  the  same  engine  with  no  change  in  the  reverse- 
gear  housing  and  other  important  mounting  dimensions. 
I  would  heartily  indorse  any  such  move  toward  standard- 
ization of  this  kind  and  would  be  glad  to  submit  drawings 
of  our  own  engines  to  representative  reverse-gear  manu- 
facturers and  any  Society  committee  that  may  be  formed 
to  handle  this  subject. 
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dew  formed  wen  noted  with  practically  all  of  these  fuels. 
A  direct  determination  of  the  dew-point  of  samples  of  the 
Bame  fuels  used  and  offered  for  test  by  Wil-on  and  liarnard 
showed  that  their  figures  are  approximately  2(t  deg.  lower 
than    those   determined    directly   and.  that    the   change    in    the 

dew-point  corresponding  to  a  change  from  a  12  to  1  to  a  15 

in    1    mixture    it    of   the   order   of   7   or   K   deg.   when   measured 
•ly.    when  d     Harnard    in    their    teste    pre-  ' 

found  a    uniform   variation  of  approxi- 
mately  1  or  a  deg.  for  a  number  of  different  fuels. 

A    comparison   of   the   figures    for   a   second    group  of    I 
>how>    that    tht     i|i  initiation    gives    dew-points    that 

higher  in  all  cases  than  those  arrived  at  by  the  equi- 
librium mixture.  The  direct  method  is  said  to  embody  the 
following  feature.-:  ("I  tin-  apparatus  can  be  constructed 
in  an  ordinary  laboratory  and  machine  shop;  ('<)  with  a  little 
practice  the  dew-points  can  be  read  with  fair  accuracy  and 
odncibility;  ('•)  it  is  believed  to  be  sufficiently  direct  to 
he  free  from  large  error-;  and  (>h  it  applies  to  volatile 
of  any  nature.  It  i-  offered  tentatively  as  suitable  for  the 
t  determination  of  the  "effective"  volatility  of  motor- 
fuels  wit  l  a  that  it  may  he  useful  in  studying 
lications  and  blending  operations  and  foi  tl  I  of  other 
methods  of  evaluation. 

The   paper  will   be  published  in   full   in   the  August  issue  of 
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Research  Topics  and  Suggestions 

r II HE  Research  Department  plans  to  present  under  this  heading  each  month  a  topic  that  is  pertinent  to  the 
J.  general  field  of  automotive  research,  and  is  either  of  special  interest  to  some  group  of  the  Society  member- 
ship or  related  to  some  particularly  urgent  problem  of  the  industry.  Since  the  object  of  the  department  is  to  act 
as  a  clearing-house  for  research  information,  we  shall  be  pleased  to  receive  the  comments  of  members  regarding 
the  topics  so  presented,  and  their  suggestions  as  to  what  might  be  of  interest  in  this  connection. 

MOTION  AND  FORCES  BETWEEN  WHEEL 

AND  ROAD 


THE  subject  of  the  so-called  impact  forces  between  the 
wheel  and  the  road  has  been  widely  discussed  of  late  and 
the  results  of  experimental  measurements  have  been  pub- 
lished particularly  by  the  Bureau  of  Public  Roads.  The  sub- 
ject, however,  still  seems  to  be  rather  an  indefinite  one  in  the 
minds  of  most  engineers. 

It  is  recognized  in  a  general  way  that  the  tire  character- 
istics, the  speed  and  the  ratio  of  the  sprung  to  the  unsprung 
weight  are  of  prime  importance,  but  just  what  relation  they 
bear  to  the  effect  produced  on  the  road  by  the  vehicle  seems 
not  to  have  been  very  clearly  analyzed.  However,  some 
phases  of  this  problem  are  capable  of  definite  mathematical 
expression  and  others  can  be  stated  approximately  in  mathe- 
matical terms. 

One  of  the  simplest  cases  of  impact  occurs  when  one  or 
both  wheels  of  a  vehicle  either  drop  from  an  obstruction  or 
are  projected  into  the  air  by  going  over  an  obstruction  and 
then  return  to  the  road.  General  equations  can  be  written 
which  are  applicable  both  to  this  and  to  other  sorts  of  im- 
pact forces  as  well. 

In  considering  this  problem  it  is  necessary  first  to  clear  up 
one  point  that  is  not  always  appi'eciated.  This  is  the  distinc- 
tion between  the  total  energy  of  an  impact  blow  and  the 
maximum  force  produced  by  it.  When  the  blow  is  cushioned 
by  a  tire  there  is  no  fixed  numerical  relation  between  the  two. 
The  total  energy  is  determined  by  the  sprung  and  the  un- 
sprung weight  and  the  spring  constant  for  a  given  height 
of  drop,  while  the  maximum  force  depends  upon  the  tire.  It 
is  the  latter  element  alone  that  is  of  importance  so  far  as  the 
vehicle  is  concerned,  and  we  believe  of  major  importance 
also  as  regards  the  effect  on  the  road. 

The  actions  treated  mathematically  in  a  paper  to  be  pre- 
sented in  the  September  issue  of  The  Journal  may  be  de- 
scribed briefly  as  follows :  Consider  the  body  and  the  axle  at 
rest  so  far  as  vertical  motions  are  concerned,  with  the  springs 
under  deflection  carrying  the  load,  as  when  traveling  on  a 
level  road.  The  wheels  are  then  allowed  to  drop  freely  for 
a  specified  distance  as  by  running  rapidly  off  an  obstruction. 
The  wheels  are  projected  downward  by  gravity  plus  the 
force  exerted  by  the  springs.  They  therefore  acquire  a  cer- 
tain downward  velocity  and  consequently  an  amount  of  kin- 
etic energy  equal  to  V2  mv2  which  is  the  total  energy  trans- 
mitted to  the  road  by  the  wheels  for  this  particular  drop, 
and  would  be  the  same  for  pneumatic,  solid  or  steel  tires,  ex- 
cept for  a  small  difference  readily  accounted  for. 


The  maximum  force  or  load  produced  which  represents  the 
maximum  load  imposed  on  the  road  and  on  the  axle  itself, 
however,  depends  entirely  upon  the  distance  in  which  and 
rate  at  which  this  amount  of  energy  is  transmitted  to  the 
road;  in  other  words,  it  depends  upon  the  total  depression 
of  the  tire  from  the  instant  it  strikes  the  road  to  the  instant 
of  greatest  depression.  This  total  force  is  the  sum  of  (a) 
the  impulsive  force  represented  by  the  maximum  rate  of 
deceleration  of  the  wheels  which  coincides  practically  at  least 
with  the  maximum  tire  depression,  (6)  the  weight  of  the 
axle,  and  (c)  the  static  force  applied  by  the  springs  at  this 
instant.  Therefore,  if  it  is  assumed  that  the  depression  of 
the  tires  is  the  same  under  impact  as  when  measured  static- 
ally the  maximum  force  can  be  calculated  from  the  known 
static  depression  curve  of  the  tire.  The  extent  to  which  this 
assumption  is  justified  has  not  been  determined  definitely  but 
we  believe  it  is  qualitatively  correct  and  that  the  conclusions 
which  can  be  drawn  from  the  results  of  the  forthcoming- 
paper  may  be  of  value  as  a  guide  to  the  relative  effect  of  the 
tire  deflection,  the  height  of  the  drop  and  the  relation  of  the 
sprung  and  the  unsprung  weight  on  the  maximum  forces  to 
which  wheels  and  axles  as  well  as  i-oads  are  subjected  by  this 
type  of  impact, 

To  illustrate  the  application  of  the  results  of  the  analysis 
as  it  will  appear  next  month,  if  it  is  assumed,  for  example, 
that  the  height  of  fall  from  an  obstruction  is  3  in.  the  time 
of  fall  is  found  to  be  approximately  0.060  sec.  and  0.075  sec. 
for  ratios  of  sprung  to  unsprung  weights  of  4  and  2  respec- 
tively; in  these  cases  a  constant  spring  deflection  of  4  in. 
under  the  weight  of  the  sprung  mass  and  a  constant  total 
weight  are  assumed.  It  is  also  found  that  the  velocity  of  im- 
pact of  the  unsprung  mass  is  6.84  ft.  per  sec.  for  the  first 
case  and  5.35  ft.  per  sec.  for  the  second;  the  kinetic  energy  is 
4690  ft.-poundals  for  the  first  ratio  of  4,  and  4770  ft.-pound- 
als  for  the  second  ratio  of  2,  while  the  impact  forces  are 
2480  and  2590  lb.  for  the  respective  cases.  Again  keeping- 
all  conditions  the  same,  except  the  tires,  and  using  a  ratio 
of  sprung  to  unsprung  weight  of  4,  the  forces  are  2050  lb. 
for  the  low-pressure  pneumatic  tires  and  2480  lb.  for  the 
high-pressure  pneumatic  tires. 

Thus  the  change  of  impact  force  due  to  the  change  in  tires 
is  about  25  per  cent  while  that  occasioned  by  doubling  the 
ratio  of  the  sprung  to  the  unsprung  weight  is  only  about  4 
per  cent.  Changes  in  the  type  of  tire  have  more  influence  on 
the  impact  force  than  changes  in  the  weight  ratio. 


OBITUARY 


James  Frederic  Bourqiin,  vice-president  and  general  man- 
ager of  the  Continental  Motors  Corporation,  Detroit,  and  for 
years  an  outstanding  figure  in  Detroit's  automobile  industry, 
died,  July  1,  1923,  in  a  hospital  in  that  city,  following  an 
operation  for  appendicitis,  at  the  age  of  45  years.  He  was 
born,  April  9,  1878,  at  Detroit  and,  following  his  public  and 
high  school  education,  entered  the  University  of  Michigan 
from  which  he  was  graduated  in  1904  with  the  degree  of 
Bachelor  of  Science. 

Mr.  Bourquin's  practical  experience  began  in  the  experi- 
mental department  of  the  Old's  Motor  Works,  Lansing,  Mich., 
in  1904,  and  was  continued  progressively  until  1910  with  this 


and  other  companies  in  capacities  as  draftsman,  foreman, 
inspector,  assistant  superintendent  and  superintendent  of 
manufacturing,  the  last  being  with  the  Chalmers  Motor  Co. 
He  was  active  in  organizing  the  Liberty  Motor  Car  Co.  and 
also  contributed  largely  to  the  development  of  the  Paige- 
Detroit  Motor  Car  Co.,  both  of  Detroit;  in  1911  he  was  gen- 
eral manager  of  the  latter  company. 

Among  the  clubs  to  which  he  devoted  time  and  enthusiasm 
were  the  Detroit  Athletic  Club  and  the  Detroit  Yacht  Club. 
Also,  he  was  a  member  of  several  clubs  in  Ann  Arbor,  Mich., 
and  was  an  ardent  Knight  Templar.  He  was  elected  to 
Member  grade  in  the  Society,  Jan.  30,  1911. 
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nental   Bxx-CTUmM    Kv. 

The  fairing  of  the  data  is  done  in  Fig.  17;  Fig.  18  is 
only  a  replotting  of  the  faired  lines  of  Fig.  17,  with  the 
variables  exchanged. 

We  repeated  on  the  Continental  engine  the  findings  on 
the  Ford;  that  for  all  practical  purposes  the  optimum 
spark-advance  can  be  represented  as  the  sum  of  two  func- 
tions, one  a  function  of  speed  only,  the  other  a  function 
of  intake  suction  only.  This  follows  from  the  fact  that 
the  curves  in  Fig.  15  are  substantially  parallel;  the  in- 
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the  spark-advance  for  a  change  of  the  intake 
suction  at  a  constant  speed  is  shown  in  the  lower  curve 
that  is  marked  intake-suction  effect,  in  Fig.  15.  An  ap- 
proximate empirical  equation  for  this  intake-suction 
effect  is  0  18  i />,  P«).  For  the  Ford  engine  the  cor- 
responding  equation  is  o  =  13  (.//,  /'.l  ;  the  effect  is 
probably,  because  the  dilution  at  a  zero  intake-suction  is 
larger  in  the  lower-compression  engine. 

The  power  losses  from  improper  spark-advance  and  the 
my  losses  in  proportion  are  clearly  indicated  in 
Figs.  11  to  14.  It  seems,  in  view  of  these  curves,  that 
automatic  spark -control  by  mechanically  adding  the 
separate  advances  for  speed  and  for  intake  suction  would 
justify  itself  in  improved  power,  economy  and  flexibility 
of  engine  performance.  There  would  still  be  need  of 
some  hand  adjustment  to  take  care  of  a  cold  engine  and 
of  a  dirty  engine;  but  with  the  engine  warmed  up  and  a 
setting  made  for  its  internal  condition  all  the  spark- 
control  needed  to  take  care  of  the  load  and  the  speed 
variation  would  be  automatic  and  would  be  done  as  now 
it  is  not.  It  would  also  be  easy  to  take  care  of  altitude 
effects  by  changing  the  linkage  on  the  automatic  spark- 
control  on  the  intake-suction  side;  this  would  be  neces- 
sary because  of  the  greater  dilution  with  exhaust  gas  at 
high  altitudes  for  the  same  intake-suctions.  The  auto- 
matic device  would  be  controlled  by  pressure  differences, 
whereas  the  function  it  controls  is  really  a  consequence 
of  pressure  ratios;  pe —  Pi  could  be  substituted  in  the 
mechanism  for  pe/Pi- 

In  a  scientific  analysis  of  that  component  of  spark- 
advance  due  to  dilution  with  exhaust  gas  we  need  to  find 
whether  it  is  a  matter  of  volumetric  or  of  mass  dilution, 
and  whether  in  computing  the  dilution  we  must  figure 
the  re-expansion  of  the  exhaust  gases  in  the  suction 
stroke  as  adiabatic  or  isothermal.  It  was  to  get  data 
for  this  study  that  the  readings  of  the  exhaust  tempera- 
tures in  Figs.  11  to  14  and  in  Figs.  17  and  18  were  taken. 
In  previously  discussing  the  dilution  matter  in  this  paper 
the  formulas  for  the  dilution-ratios  have  been  derived 
and  the  probable  result  has  been  predicted  that  the  spark- 
advance  due  to  dilution  will  be  found  to  be  an  exponential 
function  of  the  mass-dilution  ratio. 

The  volumetric-dilution  ratio  of  the  total  gas  to 
the  new  charge  in  the  cylinder  is  1  -f-  (pe/P,  i  " 
[r — (p.  P,),/»];  the  weight-dilution  ratio  is  1 -f- 
t\T,  T,\  !/-.  l',\/[r—  (p. /Pi )'/»].  In  these  formulas 
/•  is  the  compression-ratio,  4.55  for  the  Continental  en- 
gine; y  is  the  ratio  of  the  specific-heats,  1.33  for  adia- 
batic  and  1.00  for  isothermal  expansion;  1/y  =  0.7")  oi 
1.00;  7\  and  T,  are  the  absolute  temperatures  in  the  in- 
take and  the  exhaust  manifolds;  7\  is  taken  as  100  -t   4G0 

•")';<)  deg.  fahr. ;  absolute,  because  of  the  "hot-spotting" 
oi  the  manifold;  p,  and  Pi  are  the  absolute  pressures  in 
the  exhaust  and  intake  manifolds.  In  calculation 
was  taken  as  29.4  in.  of  mercury  and  Pi  as  (p, —  S),  S 
being  the  intake  suction  in  inches  of  mercury.  Toward 
full  throttle,  the  variation  of  the  dilution  with  pr/P,  is 
slow;    at   closed    throttle   the    exhaust    back-pressui' 

ligible;  hence  the  use  of  the  barometric  pressure  di- 
vider! by  the  difference  between  the  barometer  and  the 
intake-suction  readings  for  Pe/Pi  causes  little  error  in 
the  calculations.  The  calculated  volumetric  and  mass- 
dilution  ratios  for  the  Continental  engine  are  tabulated 
in  Table  4. 

With  the  values  of  the  volumetric  and  the  mass-dilu- 
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TABLE 

4 CALCULATED 

VOLUMETRIC    AND 

MASS-DILUTION  RATIOS  FOR  A  SIX-CYLINDER 

CONTINENTAL  ENGINE 

Mass  Diluti 

on-Ratios 

Intake 

Intake 

Volumetric 

Dilution  Ratios 

Adiabatic 

Isothermal 

Suction 

Pressure 

Speeds,  R.  P.  M. 

Speeds,  R.  P.  M. 

S 

P, 

Pe/Px 

Adiabatic 

Isothermal 

400 

800  1,200    1,600 

400 

800    1,200    1,600 

0 

29.4 

1.000 

1.28 

1.28 

1.15 

1.11      1.10      1.09 

1.15 

1.11      1.10      1.09 

5 

24.4 

1.206 

1.34 

1.36 

1.19 

1.15      1.13      1.11 

1.19 

1.15      1.13      1.12 

10 

19.4 

1.516 

1.43 

1.50 

1.27 

1.21      1.18      1.16 

1.28 

1.22      1.19      1.17 

15 

14.4 

2.042 

1.60 

1.81 

1.43 

1.36      1.31      1.27 

1.49 

1.40      1.35      1.31 

20 

9.4 

3.127 

2.07 

3.20 

1.93 

1.83      1.72      1.66 

2.44 

2.27      2.12      2.02 

22 

7.4 

3.975 

2.62 

7.92 

tion  ratios  in  Table  4,  and  the  optimum  spark-advances 
from  the  faired  curves  in  Figs.  15  and  16,  curves  of 
spark-advance  against  dilution-ratios  for  constant  speeds 
have  been  plotted  in  Fig.  19  on  logarithmic  cross-section 
paper.  If  dilution  had  an  effect  that  is  separable  from 
that  of  speed  or  turbulence,  the  family  of  curves  for  the 
different  constant  speeds  in  these  charts  should  be  a  set 
of  parallel  lines  of  constant  vertical  offset  from  each 
other.  This  is  obviously  not  the  case  when  we  measure 
dilution  volumetrically ;  it  is  approached  closely  when  we 
measure  dilution  by  mass  ratio  and  is  given  better  by 
the  adiabatic  than  by  the  isothermal  assumption  of  the 
law  of  re-expansion  of  clearance,  or  exhaust,  gases  on  the 
suction  stroke.  Further,  the  dashed  straight  lines  of  the 
two  charts  at  the  right  show  that  the  increase  of  spark- 
advance  due  to  dilution  is  approximately  proportional 
to  the  cube  of  the  mass-dilution  ratio ;  or,  in  other  words, 
the  combustion  rates  vary  inversely  and  the  explosion- 
times  directly  as  the  cube  of  the  adiabatic  mass-dilution 
ratio  of  the  total  gas  to  the  new  charge.  If  in  plotting 
the  curves  at  the  extreme  right  the  unfaired  data  of  the 
optimum  spark-advances,  taken  directly  from  Figs.  11  to 
14,  is  used,  the  agreement  with  the  cube  law  is  rather 
improved;  hence  the  use  of  our  faired  curves  of  spark- 
advance  has  not  been  responsible  for  this  suggested  law 
of  the  action  of  dilution.  This  cubic  law,  of  course,  is 
merely  suggested,  not  proved,  by  such  a  slender  basis  of 
data  as  is  used  here ;  but  it  was  to  be  expected  on  general 
grounds  and  has  been  found  here  to  account  for  the  facts, 
as  well  as  any  simple  hypothesis  that  has  been  tried. 

Evaluation  of  the  Turbulence  Factor 

Since  it  is  now  possible  to  eliminate  the  dilution  or 
intake-suction  factor  from  the  spark-advance,  the  turbu- 
lence factor  may  be  evaluated.  This  has  been  done  in 
two  ways.  First,  as  was  done  in  the  case  of  the  Ford, 
all  the  spark-advance  data  were  reduced  to  values  for 
a  zero  intake-suction  at  the  various  speeds.  Fig.  16 
shows  this  reduction  for  the  Continental  engine.     Then 


values  of  R/a0,  or  a  zero  intake-suction,  were  plotted 
against  R,  giving  the  lower  straight  line  in  Fig.  20.  The 
equation  of  this  line  is  R/  (a0)  =  22  (1  +  0.001.R)  ;  or  by 
inversion,  a0  is  equal  to  0.0455i?/(l -f- O.OOliJ).  This 
corresponds  to  an  explosion-time  in  the  combustion- 
chamber  without  turbulence,  but  with  the  dilution  exist- 
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Pig.   20 — Curves  of  Zero   Dilution   and   Zero  Intake-Suction  at 
Various  Speeds 

ing  at  a  zero  intake-suction,  of  (2/9)  X  0.0455  =  0.0101 
sec.  This  may  be  compared  directly  with  the  correspond- 
ing value  for  the  Ford  engine  of  0.0230  sec;  and  the 
turbulence  factor,  found  in  the  same  way,  comes  out  the 
same,  0.0010,  for  both  engines.  This  is  interesting  as 
both  are  of  the  L-head  type  and  of  rather  similar  dimen- 
sions. The  much  quicker  explosion-time  for  the  Conti- 
nental engine  may  correspond  to  a  better  shape  of  the 
combustion-chamber,  a  better  placing  of  the  spark-plug, 
better  carburetion  due  to  the  hot-spot  and  the  like  and 
the  higher  compression-ratio. 
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It  in   th»  the   Continental 

dilution.    Aasum- 

>ving-up  of  the  combustion 

lution,  the  spark-advances  for  the 

9  "«  deg.  ai    inn 

r.p.n  -        r.p.m.,  1'.'  deg.  at    1200  r.p.m..  ami 

>f  Fig.  19 
dilution,  or  a  1.00  dilution-ratio.) 
The  -■-..  Fig.  J"  plots  A'  (i.   of  these 

zero-dilution  valu  Its  equation  is  A'  <i  .  oi 

2.5  (1  4-  0.1 
ro  diluth  IR/(1  +  I  00075A  I,  and  the 

dilution  and  zero  turbulent 

It   will   be   noticed   that    the  :"   the   turbulence 

the  coefficient   of  R  in   the  denominator   of   the 

•  equations,  is  not  the  same  when  the  equa- 
•■•und  for  a   zero   intake-suction   as    it    is   when 

found  for  zero  dilution.    This  comes  from  the  fact  that 

the  dilution  at  a  zero  intake-suction   is  ostant   as 

-peed  ch:.  at  higher  speeds. 

Further,  it  will  be  noticed  that  the  explosion-time  in 

the  engine  cylinder,  even  with  some  dilution  but  without 

turbulence,  is  of  the  order  of  from  0.02  to  less  than  0.01 

re   conspicuously   smaller   than    the 

valu-  .  early  in  the  paper  for  bomb  experin^ 

h  ran  around  0.05  to  0.06  sec.  for  maximum-power 
mixtures.     T  for  the  difference  is  partly  in  the 

ombustion-chamber  of  the  engine  as  eom- 
i  with  the  bombs;  on  this  account  alone  the  explosion- 
times  in  the  engine,  in  view  of  the  empirical  square-root 
f  the  distance  for  the  time  of  Same  travel,  should 
be  from  0.75    times   the  explosion-times    h 

bombs.      The    main    factor    making   the    explosion-times 
n  the  engines  than  in  the  bombs,  even  without  tur- 
bulence, is  the  temperature.    The  Continental  engine  gets 

560  deg.  fahr..  absolute.    Compre 
multiplies   this   temperature   by  the    11/-I1    power  of  the 
.on-ratio,  or  by  about  1.65,  making  the  tempera- 
ture preceding   ignition  about  930  deg.   fahr..  absolute, 
the  combustion  speed  is  approximately  proportional 
to  the  cube  of  the  temperatuie  preceding  ignition,  the 

by   adiabatic   compre 
about    4.5   tir  what    it   would   be   at   the    intake 

temperature  and  about  5.3  tin  what  it  would  be 

■I  without  turbulence,  then, 
the  explosion-times  in  automotive  en- 

•  the  order  of  1  5  to  1    1"  of  what  they  are 

•  .intents  cited.    Tl  of  turbulence 
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offset  the  Blowing-up  of  the  combustion  due  to 
dilution,  rather  than  to  cause  the  explosion-times  in  the 
engine   cylinder    to    be    less   than    in    the   experiments   on 

sizable  bombs  in  lai  oratory  work.    Of  course,  turbulence 

remains    highly    important     in    high-speed    engines. 

In  the  experimental  work  on  the  optimum  spark- 
advance  on  the  Continental  engine,  shown  in  Figs.  11  to 
11.  we  diil  not  get  the  data  at  full  throttle  but  went  only 
as  close  as  the  5-in.  suction.  This  was  because  of  the 
detonation  that  occurred  at  pressures  lower  than  the  5-in. 
intake-suction.  We  investigated  later  what  would  hap- 
pen in  the  presence  or  absence  of  detonation.  The  work 
at  600  r.p.m.  The  results  are  shown  in  Fig.  21,  We 
ran  through  the  whole  throttle  range.  0,  5,  10,  16  and 
19-in.  intake-suctions,  without  anti-knock  and  then  with 
it.  The  dose  of  anti-knock,  tetraethyl-lead,  was  5  cc.  to 
_'  lit.  of  gasoline,  or  20  times  the  dosage  usually  required 
or  advised   for  knock  suppression. 

Disc  ussion  of  Results 

The  results  are  extremely  interesting.  For  any  intake 
suction  large  enough  of  itself  to  stop  detonation  by 
throttling  or  pressure-reduction,  the  presence  of  anti- 
knock, in  a  dosage  20  times  the  usual  value,  does  not 
change  the  optimum  spark-advance  at  all,  according  to 
our  data;  hence  it  does  not  affect  the  explosion-time 
or  the  reaction-velocity  of  combustion.  The  accural  \  ol 
determining  the  optimum  spark-advance  is  perhaps 
±  2  deg.;  on  a  30-deg.  advance  this  is  an  accuracy  in  the 
explosion-time  of  ^  7  per  cent.  The  usual  dosage  of 
anti-knock,  thtn.  cannot  alter  the  reaction-rate  by  more 
than  0.33  per  cent.  The  hypothesis  that  anti-knocks  stop 
detonation  by  changing  the  reaction-rate  of  combustion 
have  here  a  considerable  jolt.  It  does  slop  de- 
tonation, however:  and  further,  with  detonation  stopped, 
the  spark-advance-intake-suction  curve  is  smooth  and 
continuous  to  the  zero  intake-suction;  and  combustion 
follows  a  single  set  of  laws,  those  of  normal  non-detonat- 
ing combustion,  over  the  whole  throttle-range.  In  the 
absence  of  anti-knock,  combustion  seems  to  follow  two 
laws,  as  indicated  by  the  dotted  line  in  Fig  21;  the 
normal  laws  for  intake-suctions  greater  than  5  in.  in 
this  case;  and  the  abnormal  laws,  involving  detonation, 
at  between  zero  and  a  5-in,  suction.  When  detonation 
occurred  the  torque  also  was  perceptibly  less  than  when 
it   was  suppressed. 

In  summarizing,  we  have  shown  that  spark-advance  is 
a  relation  of  the  explosion-time  to  the  speed  of  rotation 
of  the  engine.  From  a  simple  hypothi  is  about  flame 
speed,  combined  with  the  geometric  shape  of  the  combus- 
tion-chamber, we  have  deduced  that  one-half  the  rise  of 
pressure  Of  an  explosion  should  occur  at  or  near  three 
of  the  explosion-time;  and  we  have  checked  the 
conclusion  on  pressure-tin  of  both  bombs  and 

engines.      We    have   shown    that    for  an   optimum    spark- 
advance  the  half  pressure-rise,  or  three-quarters  ol  the 
explosion-time,  should  occur  at  the  dead-center  position 
he  piston.    Hence,  we  have  made  it  possible,  through 
erimental  determination  of  the  optimum  spark- 
advance  in  an  engine   in   operation,  to  calculate   back   to 
it  actually  takes  place  in  the  engine, 
Thi-  wide  field  for  experimental  work  in  flm 

effects  ol  the  mixture  ratio,  the  temperature,  turbu- 
.,  dilution  with  dead  gas  and  the  like,;  the  shape 
and  the  size  of  the  combustion-chamber  and  the  like; 
with  a  possibility,  hitherto  not  known,  of  finding  numeri- 
cal value-  f.,i  the  effects  Of  turbulence,  dilution  and  the 
like  that  may  put  combustion-chamber  design  of  the 
future  on  a  quantitative  basis. 
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Chronicle  and  Comment 


Letter  Ballot  on  Standards 

AS  a  result  of  the  Society  letter  ballot  on  the  adop- 
tion of  standards,  the  recommendations  approved 
'at  the  Standards  Committee  Meeting  at  Spring 
Lake  were  confirmed  and  have  been  issued  to  the  mem- 
bers in  final  data-sheet  form.  The  results  of  the  letter 
ballot  are  given  on  p.  246. 

Annual  Meeting  Date  Announced 

ANNOUNCEMENT  was  made  last  spring  that  the 
next  Annual  Meeting  of  the  Society  would  be  held 
in  Detroit.  The  dates  of  this  meeting  have  now 
been  set  definitely  as  Jan.  22-25  to  coincide  with  Auto- 
mobile Show  week  in  Detroit.  This  arrangement  will 
enable  members  who  attend  the  meeting  to  inspect 
passenger  cars  and  trucks  of  the  latest  design,  many  of 
which  will  come  direct  from  the  New  York  Show  on  the 
way  to  Chicago.  Thus  the  advantage  of  holding  the 
Annual  Meeting  simultaneously  with  a  representative 
exhibit  of  motor  vehicles  will  be  preserved,  conflicts  with 
numerous  dealer,  factory  and  association  functions  will 
be  avoided,  and  the  location  of  the  meeting  will  be  nearer 
the  production  center  of  the  industry. 

International  Ball  Bearing  Standards 

A  RECENT  report  received  from  Zurich,  Switzer- 
land, indicates  that  considerable  progress  was 
L  made  at  the  International  Conference  of  Secre- 
taries of  national  standardizing  bodies  held  there  on 
July  9  toward  the  international  standardization  of 
ball  bearings,  particularly  the  radial  type.  The  Zurich 
conference  on  ball  bearings  was  attended  by  the  Secre- 
taries of  the  Swiss,  Swedish,  German  and  American 
national  standardization  bodies  and  by  delegates  of 
Swedish,  German  and  American  Sectional  Committees. 

Although  the  report  is  preliminary  only,  it  indicates 
that  those  attending  the  conference  agreed  upon  the 
diameters,  widths,  and  corner  radii  for  radial  type  bear- 
ings in  light,  medium  and  heavy  series.  If  the  extra 
wide  type  of  radial  bearings  is  needed  by  the  foreign 
countries,  the  S.  A.  E.  Standards  will  be  considered.  A 
proposal  is  to  be  prepared  for  tolerances  for  bores, 
diameters  and  widths  based  on  the  unilateral  system, 
the  bore  and  diameter  tolerances  following  approximately 
those  proposed  by  the  American  Sectional  Committee  in 


March,    1922,    and   the   width    tolerances   following    the 
present  Swedish  practice. 

The  latest  German  proposal  for  thrust  ball  bearings 
was  recommended,  extended  to  include  600  mm.  diameter 
and  an  extra  heavy  series,  the  tolerances  for  all  diameters 
to  follow  those  for  the  radial  bearings.  The  Sectional 
Committees  of  England  and  America  are  asked  to  sub- 
mit proposals  for  inch  size  bearings. 

Pennsylvania  License  Law  Unconstitutional 

AN  opinion  that  the  Pennsylvania  engineering  li- 
censing act  is  unconstitutional  has  been  rendered 
k  by  a  judge  in  the  Court  of  Quarter  Sessions  of 
Monroe  County  of  that  State.  The  judge  interpreted  the 
law  as  conflicting  with  the  constitution  of  the  State  on 
the  technicality  that  it  deals  with  two  professions  in  the 
same  act,  a  condition  forbidden  by  the  State  constitution. 
He  also  contended  that  the  licensing  act  violated  the 
Fourteenth  Amendment  of  the  Federal  Constitution  in 
that  it  shows  discrimination  in  the  exemption  of  cer- 
tain classes.  This  action  will  be  of  interest  to  members 
of  the  Society  who  practise  in  the  State  of  Pennsylvania, 
and  may  also  be  expected  to  influence  legislation  and  the 
enforcement  of  laws  in  other  States  in  which  similar 
statutes  are  contemplated  or  are  already  in  force. 

Keeping  Pace  with  Progress 

SECTION  meetings  activity  reopens  with  the  arrival 
of  September  and  the  fall  season.  A  calendar  of 
the  meetings  scheduled  during  the  coming  month 
will  be  found  on  p.  252.  Eight-in-line  engines,  head- 
lamp glare  and  wheel-alignment  are  the  topics  to  be 
discussed  by  three  of  the  Sections,  the  members  of  one 
of  the  other  Sections  will  visit  a  large  passenger-car 
factory  and  another  Section  opens  its  session  with  sports 
and  a  social  evening. 

Meetings  of  the  Sections  have  gained  in  value  and  im- 
portance with  the  expansion  of  the  parent  Society.  At- 
tendance is  often  as  large  as  at  the  national  technical 
sessions;  papers  presented  have  equal  status  with  those 
read  at  the  parent  Society  meetings  and  receive  the  same 
consideration  in  The  Journal.  Dist  .ssion  at  Section 
meetings  is  especially  productive  of  valuable  information 
because  of  the  presence  of  a  larger  group  of  specialists 
at  the  local  meetings  and  the  longer  discussion  period 
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PratotiBg  Production  Efficiency 

Mon   methods  that   are 
•  ■    manufacturing    exeoti- 
iduction  Meeting 
eland  n<  •  r.     This  meeting 

..  clearing-house  where 
exchangi  egarding  valuable 

their 

id  for  the  general  good  of  the  industry. 

tion  men  took  ad',  if  the  oppor- 

•  nig  in  Detroit  last  October  and 

i  their  approval  of  it  as  a  means  of  perpetuating 
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Shop  kin*  to  be  guarded 

jealously  by  their  ut  the  national  emergency 

.tude.  Exchange  of  practical 
shop  information  is  now  fairly  universal  and  the  Pro- 
ng mere'.  this  exchange  to  a  greater 
degree  and  on  an  organized  basis.  If  you  have  material 
that  you  wish  to  place  before  the  Cleveland  meeting  be 
sure  to  call  it  to  the  attention  of  the  New  York  Office  at 
once.  Do  not  fail  to  mark  the  dates  on  your  calendar 
and  come  to  Cleveland  Oct.  25  and  26. 

Standard*  Committee  .Meetings 

MEETIN  and    Subdivisions  of   the 

mmittee  are  being  planned  to  start 
about  the  middle  of  September  in  most  ca- 
-ding  to  the  progress  that  is  made  with  the  work 
before  each  group.  The  time  and  place  of  all  meetings 
will  be  arranged  so  far  as  possible  so  that  all  Division 
and  Subdivision  members  can  attend  with  the  least  ex- 
pense and  time.  Regular  notices  will  be  sent  to  all 
members  sufficiently  in  advance  of  meetings  so  that  th^y 
can   arrange  accordingly. 

xpected    meetings    will    be    arranged    for    the 
and    Wheels.    Ball    and    Roller    Bearings,    Electric 
-;ne.    Lighting,    Lubricants,    Passengei 
Bod;.  \d  Rim.  and  Transmission 

.     A  meeting  of  the  Motorboal  Division  has  al- 
ly been  scheduled  at  the  So.  tices  in  New  Y"  k 
on  Thui                                       /clock. 
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engineer,  but  he  can  contribute  to  the  reduction  of 
lents  by  providing  motor  oars  with  means  of  de- 
celeration that  at  least  are  as  highly  developed  as  tl 
of  acceleration.  This  he  appears  to  he  doing,  and  the 
introduction  of  four-wheel  brakes  deserves  a  large  share 
>.n  the  credit  for  stimulating  his  interest  in  this  phase 
of  highway  safety  work. 

Agitation  for  compulsory  periodic  brake-inspection 
.'.    in    many    parts    of    the    Country.      Whether    such 
measures  will  conduce  to  greater  safet>    lies  outside  the 
province  of  this  comment,  but   they  do  serve  as  a  warn- 
ing to  automotive  engineers  that   inefficient  braking 
terns  will  not  be  acceptable  to  the  motor-buying  public 
in  the  future.     Operators  will  pay  more  attention  to  . 
of  adjustment   and  equalization.      Narrow  linings,   wl 
wear  rapidly  and   need   to   be  replaced  frequently,  will  he 
decidedly  unpopular;  inaccessible  adjustments  of  linkage 
and  bands  will  lie  condemned.     Efficient  brakes  that  can 
be  kept  efficient  with  the  minimum  of  attention  will  be 
an    important    factor    in    influencing  motorists    in   their 
selection  of  1924  model-. 

1922  Transactions 

WHEN"  this  issue  of  The  Journal  went  to  press 
Part  I  of  the  1922  Transactions  was  in  the 
hands  of  the  binder,  and  it  is  expected  that  copies 
will  be  sent  the  latter  part  of  this  month  to  those  of  the 
members  who  have  requested  them.  This  part,  which  is 
the  first  of  Vol.  17  of  The  Transactions,  is  a  book  of 
approximately  920  pp.  and  contains  such  of  the  pa] 
I  resented  at  the  1922  Annual  Meeting  of  the  Society, 
together  with  those  of  the  papers  presented  at  Section 
meetings  and  printed  in  The  Journal  for  the  first  6 
months  of  last  year,  as  were  deemed  of  sufficient  en- 
gineering value  by  the  Publication  Committee  to  1" 
printed  in  the  permanent  records  of  the  Society. 

Following  the  arrangement  that  was  first  used  in 
Part  II  of  the  1921  Transactions,  the  31  papers  con- 
stituting the  present  volume  are  grouped  according  to 
subjects  irrespective  of  where  the  papers  were  presented 
instead  of  following  the  earlier  arrangement  in  which 
the  papers  at  the  National  meetings  of  the  Society  came 
first,  with  the  Section  papers  following  according  to  the 
alphabetical  arrangement  of  the  names  of  the  Sections. 
The  subjects  covered  include  fuels  and  engines,  lubrica- 
tion, the  development  of  air-cooled  cylinders  and  engines, 
ng  brake-linings,  tractors,  metallurgical  subjects, 
tody  design  and  dimensions  and  roads  and  high. 
To  supplement  the  information  presented  in  the  various 
papers,   numerous    illustrations   have    been   used   and    in 

al    instances    folding    inserts    have    been    empl 
where  it  was  impossible  to  reduce  tables  or  illustrations 
to  the  size  of  The  TRANSACTIONS'  page  without  consider- 
ably  impairing  their  value. 

Work  on  Part  II  of  the  1922  TRANSACTIONS  has  already 
begun  and  the  date  for  the  appearance  of  this 
volume  has  been  tentatively  set  as  Dec.  31,  1923.  Copies 
of  this  part  will  be  sent  only  to  members  who  send  in 
their  orders  by  Nov.  5.  There  is  no  charge  for  this 
volu.'  •  is  who  paid   dues  for  the  first   half  of 

the   fiscal    year   beginning   Oct.    1,    1922.      For   the 

ence  of  the  members  in  ordering  this  part  of  The 
TbjU  order  blank  will  be  found  in  the  ad- 

on  of  this  issue  on  p.  83. 
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THE  author  surveys  some  of  the  general  conditions 
prevailing  in  the  street-railway  field  and  the  pros- 
pective development  of  a  new  type  of  service,  in  discus- 
sing the  necessity  for  closer  cooperation  between  the 
engineers  of  the  automotive  industry  and  the  operat- 
ing organizations  of  the  railways,  the  idea  being  to 
develop  flexible  transportation-equipment  that  will  co- 
ordinate with  the  operation  of  present  railway-trans- 
portation facilities  and  to  promote  the  utilization, 
wherever  feasible,  of  railway  power-supply  in  the 
employment  of  flexible  bus-type  equipment  in  supple- 
menting and  extending  railway-organization  service. 

Changing  conditions  are  outlined,  the  influences  tend- 
ing toward  flexible  equipment  are  stated,  and  the  dif- 
ferences of  engineering  practice  pertaining  in  the  rail- 
way and  automotive  fields  are  commented  upon  to  show 
wherein  railway  and  automotive  engineers  can  co- 
operate. 

The  trolley  bus  is  considered  in  some  detail  as  being 
one  solution  of  the  problem,  and  the  Mercedes  Stoll, 
the  Filovia  and  the  Max  Schiemann  systems  of  opera- 
tion are  described.  Present  national  practices  of  op- 
eration with  various  types  of  equipment  are  mentioned, 
and  a  description  of  dual-power  bus-equipment  and 
independent  buses  having  electrical  transmissions,  with 
comment  thereon,  is  included.  Body  and  chassis  re- 
quirements are  enumerated,  the  permanency  of  public- 
service  transportation  and  prospective  street-railway 
business  is  considered,  and  the  requirements  of  so- 
called  "flexible"  equipment  are  treated  at  length. 

THE  general  purpose  of  this  paper  is  to  make  evi- 
dent the  necessity  for  closer  cooperation  between 
the  engineers  of  the  automotive  industry  and  the 
operating  organizations  in  the  street-railway  field,  with 
the  idea  of  solving  more  effectively  the  particular  prob- 
lems of  the  latter  in  their  endeavor  to  develop  flexible 
transportation-equipment  to  coordinate  with  the  opera- 
tion o'f  their  rail-transportation  facilities  and  further, 
to  promote  the  utilization  wherever  feasible  of  railway 
power-supply  in  the  employment  of  flexible  bus-type 
equipment  in  supplementing  and  extending  railway- 
organization  service.  It  is  necessary,  therefore,  to  survey 
some  of  the  general  conditions  prevailing  in  the  street- 
railway  field,  and  the  prospective  development  of  a  new 
type  of  service  within  the  near  future. 

Changing  Conditions 

In  30  to  40  years  of  development  of  power-operated 
street-railway  passenger-transportation  equipment,  there 
has  been  gradual  progress  in  meeting  a  constantly  in- 
creasing demand  from  the  earlier  lighter  types  of  ve- 
hicle and  rail  equipment,  inherited  from  the  preceding 
horse-car  service,  to  the  more  capacious  forms  of  equip- 
ment required  for  mass  transportation  in  densely  popu- 
lated cities,  and  the  collateral  development  of  the  heavier 
long-distance  Pullman-type  vehicles  used  in  interurban 
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service.  During  the  greater  period  of  this  progress, 
there  has  been  a  constant  increase  in  the  weight  of  equip- 
ment employed.  In  recent  years,  however,  there  has 
been  a  marked  endeavor  to  reduce  these  weights  in  view 
of  the  improvement  in  structural  materials,  developed 
largely  by  the  demands  of  the  automotive  industry.  This 
recession  has  been  forced  by  the  changing  economic  con- 
ditions affecting  the  cost  of  operation  and,  more  recently, 
by  the  appearance  of  competition  in  the  field  in  the  form 
of  the  motorbus. 

When  we  review  in  perspective  the  various  develop- 
ments that  have  taken  place  in  public-service  utilities 
over  a  period  of  50  years  or  more,  we  are  able  to  realize 
the  relative  stability  of  each  division  of  these  utilities 
and  thus  to  form  sound  judgment  as  to  the  permanency 
of  their  foundation,  particularly  in  the  equipment  em- 
ployed in  each  of  these  divisions,  which  are  railroad 
freight  and  passenger  service,  public  lighting,  the  genera- 
tion and  distribution  of  energy  for  power  purposes  and 
street-railway  systems  for  local  passenger-transporta- 
tion. The  permanency  of  these  several  industries  de- 
pends largely  upon  the  invention  and  application  of 
devices  that  tend  to  expand  their  application  territorially, 
or  that  supply  the  public  with  means  facilitating  a  more 
broad  utilization  of  the  service  rendered.  This  implies 
an  urgent  necessity  on  the  part  of  public-service  organ- 
izations to  foster  and  to  develop  the  employment  of  such 
devices.  On  the  other  hand,  the  instability  of  these 
public  utilities  can  be  measured  by  the  likelihood  of  the 
growth  of  competitive  developments  in  the  form  of  de- 
vices that  can  be  procured  by  competitive  operators  and 
employed  with  much  less  investment  and  that  may  render 
a  somewhat  similar  if  not  equivalent  service  to  the  user. 

In  such  a  comparison  it  will  be  realized  that  long- 
distance railroad-service  as  a  public  utility  is  almost 
impregnable,  and  that  public-lighting  utilities  are  so 
substantially  entrenched  and  can  be  operated  so  eco- 
nomically that  competition  is  negligible.  Power  genera- 
tion and  distribution  on  a  large  scale,  as  yet  in  its  early 
stages,  is  similarly  on  a  secure  foundation;  and  it  may 
be  observed  that  the  lighting  and  power  industries  have 
been  developed  and  will  continue  to  progress  under  the 
conditions  of  competition  that  have  been  the  means  of 
keeping  them  in  an  aggressively  active  condition. 

Influences  Tending  Toward  Flexible  Equipment 

In  contrast  with  the  foregoing  statements,  the  street- 
railway  industry  has  grown  up  under  the  fallacious  belief 
that  it  is  equally  as  stable  as  the  railroad  industry,  and 
the  development  of  its  equipment  seems  to  have  pro- 
gressed with  the  absence  of  any  thought  of  possible 
competition.  Unfortunately,  its  permanency  is  much 
more  dependent  upon  a  number  of  isolated  and  local 
conditions,  being  subject  to  political  and  community  re- 
quirements, and  monopolizing  to  a  large  extent  the  public 
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minimum  weight  for  a  maximum  performance.  The 
automobile  is  a  power  vehicle  exemplifying  characteristics 
in  marked  contrast  with  the  street  car  that  was  developed 

.in  entirely  different   service   when   the   number   of 

rs  and  the  speed  of  the  machine  are  taken   into 

consideration.      Nevertheless,    the    fact    is    apparent    that 

the  changing  demand  in  public  passenger-transportation 

irages  a  loperation  between  the  two  schi 

gineering  thought  existing  in  these  different  fields 
to  combine  in  developing  the  best  that  can  be  procured 
i  hese  new  requirements. 
The  railway  engineer  has  been  handicapped  from  a 
progressive  standpoint  by  the  absence  of  the  necessity 
of  meeting  competition.  There  has  been  a  comparatively 
limited  output  in  machines  for  his  industry,  reducing 
the  possibility  of  mass  production;  consequently  and  of 

jsity,  there  have  been  limited  sources  from  which 
he  could  procure  competitively  developed  equipment.  His 
power  units  came  from  two  or  three  large  manufacturing 
organizations  providing  other  varied  products,  which 
naturally  limited  any  tendency  to  progress  rapidly  to- 
ward lighter  and  more  flexible  machines.  Likewise,  his 
souii ■■  >  body  structures  were  limited  and  confined  to 
comparatively  few  manufacturers,  with  the  obvious 
handicaps  that  changes  from  previously  established 
standards  were  difficult  to  obtain.  Furthermore,  the 
necessity  for  caution  in  providing  against  accident  and 
damage  in  rendering  public  service  enforced  upon  him 
a  conservatism  from  which  the  automotive  engineer  has 
been  almost  entirely  free;  obviously,  it  must  be  recognized 
that  a  readiness  to  rise  up  quickly  and  provide  radically 
different    forms  of  vehicles  to  meet  emergencies   in  off* 

Qg  unforeseen  competition  was  not  to  be  expected. 
Now,  however,  after  a  period  in  which  competing  type! 
of  vehicle  in  the  form  of  motorbuses  have  been  permitted 
to  intrude  upon  his  business  field,   with  the  consequent 

of  the  most  easily  secured  and  profitable  part  of 
his  sources  of  revenue,  his  attitude  must  necessarily 
change  and  he  must  proceed  at  once  to  provide  an  accept- 
able solution  in  a  new  form  of  equipment  to  enable  his 
industry  not  only  to  recover  its  lost  business  but  to  reach 
into  new  fields  for  expansion  and  profit. 

Railway  and  Automotive  Cooperation 

He  cannot  be  expected  to  be  entirely  familiar  with  all 
of  the  new  equipment  available  to  him  of  which  he  might 
make  use,  nor  has  he  had  experience  in  the  use  of  such 
new  equipment  as  will  enable  him  to  provide  safely  for  the 
encies   that   are    inherent    to    public-service    pas- 
ransportation.     On    the   other   hand,    while   the 
imotive  engineer  may  be  entirely   familiar  with  thi 
variety  of  forms  and  possible  uses  of  the  mei  hanical  and 
power   units   thai    have  been   developed  within   his   field, 
he  has  not  acquired  by  experience  any  complete  knowl- 
edge of  the  service  demands  to  which  such  mechanical 
and  power  units  may  be  subjected  under  the  arduou 
quired  in  rendering  the  continuous  perform 
demanded  in  public-utility  service.     Hence,  there  is  good 
on   for  a  give-and-take  altitude-  in   the  meeting  of 
i  different  minds  when  concentrated  in  common  upon 
new  problems  in  question,  and  it  must  be  conceded 
that  such  an   intimate  collaboration   would  certainly   bfl. 
productive   of  advantage   to   the   industries   represented 
by  both  part  ii 

The  particular  fundamental    fad    to  be   borne  in  mind 
.chicles   which   would   best,  serve   these  pur- 
po  es    would    be   those   that   could    utilize    partly,    if   not 
entirely,  the  power-supply  and  distribution  system  avail- 
able   for   such   employment   existing   within    the   street- 
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Fig.  1- 


-A   Type   of   Trolley    Brs   That    Has   Been   Developed  for 
Use  in  England 


railway  organizations.  By  such  means,  existing  proper- 
ties representing  a  large  investment  can  be  preserved 
and  applied  to  a  much  greater  range  of  service  activity 
than  was  ever  contemplated  by  the  founders  of  these 
public-transportation  organizations. 

A  general  specification  of  the  desired  requirements  of 
street-railway  organizations  in  providing  transportation 
service  through  flexible  vehicle-equipment  will  be  found 
in  the  report  on  this  subject  of  a  committee  of  the  New 
England  Street  Railway  Club  dated  Feb.  2,  1922,  ex- 
tracts from  which  are  given  in  Appendix  1. 

The  Trolley  Bus  As  One  Solution 

Obviously,  the  first  step  in  this  general  direction  would 
be  a  broader  application  of  the  trolley  bus  as  constituting 
a  means  for  the  solution  of  some  of  the  existing  railway- 
organization  problems.  It  cannot  be  expected  to  solve 
all  these  problems,  but  it  must  be  admitted  that  the 
desirability  of  its  use  in  many  cases  is  indicated  clearly. 

The  use  of  the  trolley  buses  in  European  countries 
has  been  covered  in  a  very  comprehensive  way  by  H.  L. 
Andrews,  of  the  railway  and  traction-engineering  de- 
partment, General  Electric  Co.,  who,  in  an  article  entitled 
The  Possibilities  of  the  Trackless  Trolley,'  points  out  that 

European  countries  have  for  a  great  many  years 
successfully  operated  trackless  trolleys.  In  1920  there 
were  in  England  20  companies  with  more  than  100 
miles  of  trackless-trolley  installations  operating  or 
authorized,  while  Italy  had  8  companies  comprising  a 
total  of  43.5  miles  of  route,  and  Germany  had  8  instal- 
lations for  passenger  and  freight  traffic.  France,  Swe- 
den and  Austria  have  a  number  of  installations  in 
successful  operation. 

The  three  general  systems  in  use  in  Europe  are  the 
Mercedes  Stoll,  the  Filovia  and  the  Max  Schiemann,  all 
of  which  differ  in  the  method  of  drive  and  in  the  method 
of  collecting  current. 

The  Mercedes-Stoll  system  is  essentially  a  four-wheel 
drive,  although  two-wheel-drive  installations  have  been 
made.  The  driving  motor  is  built  into  and  is  a  part  of 
the  driving  wheel.  The  control  is  arranged  to  give  six 
speeds  and  three  electric-brake  positions.  When  used 
with  the  two-wheel  drive,  the  motors  are  connected  in 
series  for  the  first  three  points  and  in  parallel  for  the 
last  three  positions.  The  arrangement  for  the  four-wheel 
drive  differs  from  the  two-wheel  drive  only  in  having 
the  two  front-wheel  or  the  two  rear-wheel  motors  con- 
nected in  series. 

The  collector  used  with  the  Mercedes-Stoll  system  is  of 


the  overrunning  or  carriage  type.  The  current  collector 
at  the  trolley  end  is  composed  of  a  frame  having  two 
small  grooved  wheels  with  ball  bearings  on  each  side, 
one  pair  running  on  each  wire.  A  cable  with  a  double 
wire  hangs  down  from  the  center  of  this  frame  or  trolley 
and  has  a  weighted  pendulum  that  keeps  the  wheels  well 
pressed  down  on  the  wires.  This  collector  allows  con- 
siderable movement  from  the  trolley  wire,  and  extreme 
movement  is  taken  care  of  by  a  cable  and  a  reel  on  the  car 
that  allows  a  30  to  35-ft.  radius  from  the  center  of  the 
trolley.  When  vehicles  operating  in  opposite  directions 
meet,  the  drivers  exchange  collectors  and  plugs,  which 
are  detachable  readily  and  within  easy  reach. 

This  system  for  the  collection  of  current  has  proved 
successful,  but  has  the  disadvantage  of  requiring  special 
overhead-construction  and,  in  case  the  carriage  leaves 
the  trolley  wire  and  falls  to  the  street,  it  is  damaged  con- 
siderably. The  arrangement  of  mounting  the  motors  di- 
rectly on  the  driving  axle  requires  low-speed  motors  with 
a  low  efficiency  and  a  great  weight.  The  maintenance  on 
the  motors  is  higher  than  if  they  were  spring  supported, 
due  to  the  fact  that  they  receive  all  of  the  hammer  blows 
from  the  road.  For  the  most  part  these  trackless  trolleys 
weigh  approximately  6048  lb.,  less  the  load,  and  have  a 
seating  capacity  of  25  persons.  In  some  few  installations 
larger  cars  weighing  over  11,000  lb.,  complete,  are  used. 
One  installation  is  equipped  to  handle  motor  and  trailer 
cars;  the  motor  cars  having  a  seating  capacity  of  22  and 
the  trailer  cars  of  20  people. 

The  Filovia  system,  which  is  in  operation  on  more  than 
40  miles  of  route  with  eight  different  companies,  has 
proved  very  successful.  This  system  adheres  to  a  two- 
motor  drive,  each  motor  being  mounted  on  the  chassis 
and  geared  to  a  jack  shaft  on  which  is  mounted  a  sprocket 
wheel.  Transmission  of  power  to  the  rear  wheels  is  by 
a  chain  drive.  Each  car  is  equipped  with  two  12-hp. 
motors.  The  collectors  used  are  similar  to  those  de- 
scribed with  the  Mercedes-Stoll  system,  except  that  they 
are  connected  to  the  bus  by  a  rigid  pole. 

The  Max  Schiemann  system  has  been  employed  exten- 
sively in  Germany  for  both  passenger  and  freight  ser- 
vice. There  are  eight  or  more  installations,  three  of 
which  are  strictly  passenger  service,  four  are  entirely  for 
freight  and  one  handles  both  freight  and  passengers. 
This  system  uses  a  two-motor  drive,  each  motor  being 


1  See  EUc'.ic  Railway  Journal,  Dec.  4.   1920.  p.  1136. 


Fig.  2 — Another  Example  of  English  Equipment 
Two  ilotors.  Each  Driving  the  Two  Wheels  Independently.  Are 
Used.  The  Tractor  Arrangement  Provides  a  Floor  lor  the  Car  That 
Is  14  In.  from  the  Ground.  All  of  the  Load  Is  Carried  by  the 
Rear  Axle  Since  It  Is  Located  Midway  under  the  Load-Carrying 
Portion  of  the  Vehicle 


Mil  September,  1928 

THE  JOURNAL  OF   rill    SOCH   fY  OF   M    TOMOTIVE  ENGINEERS 


No. 


-The 


mou:  the  truck  chassis  and  geared  to  a  jack  shaft 

•ransmitted  to  the  rear  wheels 

by  a  chain  drive.     The  three  methods  of  collecting  cur- 

•h   this   system   are    (o)    two   trolley   poles 

under-running  on  the  trolley  wire;    (6)   one  trolley  pole 

.  a  double  head  carrying  two  trolley  wheels;  and 
an  over-running  carriage  ribed   under  the    Mer- 

-tem.   This  last  method  of  collecting  current 
•.ot  produced  good  results,  due  to  the  damage  result- 
ing from  the  carriage  leaving  the  trolley  wire. 

National  Peacti 

■  rom    any    of   the 

previously  d<  Two  motors  are  used, 

each  being  mounted  on  the  truck  and  connected 

ft  through  worm  gearing.    The  jack  shaft 

cket  wheel,  and  p  ransmitted  to  the 

rll    ::. 


I 

Mi 

1.  1 

~^^^M 

?S** 

driving  wheels  by  a  chain  drive.  Two  examples  of  Eng- 
lish practice  are  shown  in  Figs.  1  and  'J.  This  practice 
of  using  two  motors,  and  the  method  i<\  operation  has 
been  changed  somewhat  in  the  more  recent   installations, 

particularly  the  one  in  Shanghai,  China.  On  these  buses, 

two  motors  that  are  mounted  directly  on  the  chassis 
are  used;  but  the  jack  shaft  and  the  chain  gearing  are 
omitted,  the  motors  being  direct-connected  to  the  driving 
through  worm  gearing,  and  each  motor  drives  one 
of  the  rear  wheels.  English  operators  who  have  used 
the  gasoline-propelled  bus  more  extensively  than  we  have 
until  recently  in  this  Country,  both  independently  of  their 
railway  systems  and  as  feeders  to  their  established  i 
have  slated  that  the  gasoline-propelled  bus.  so  far  as  it 
lias  been  developed,  cannot  be  Operated  at  the  same 
as  the  street  car  and  that  they  are  not  well  adapted  for 
handling  peak  loads.  But  they  have  found  the  gasoline 
bus  well  suited  to  operate  as  feeders  or  to  connect-up 
existing  street-railway  roul 

The  Paris  transportation-system  is  now  operating  trol- 
ley buses  of  the  type  shown  in  Fig.  3  as  extensions  of 
the  trolley  lines  in  rapidly  growing  suburban  sections. 

In  the  United  States  and  in  Canada,  recent  installa- 
tions have  been  made  on  States  Island  (See  Fig.  4)  and 
in  New  York  City;  Baltimore  (See  Fig.  5);  Richmond, 
Va.:  .Minneapolis  (See  Fig.  6);  Los  Angeles;  Toronto 
(See  Fig.  7).  and  Windsor,  Out.,  Canada.   (See  Fig.  8). 


New     Inst.1 

i 
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In  an  article  entitled  Th<    Prospective  Fields  For 
Bail  (  ar,  Tn  and  Gasoline  Bus  in  City  Transpor- 

tation,' this  subject  has  been  treated  in  great  detail  by 
J.  C.  Thirlwall  of  the  railway  and  traction-engineering 

division  of  the  General   Eli  0.    Extracts  from  this 

article  arc  given  in  Appendix  2. 

The  six-part   article  The   Place  of  the  Motor- 

bus   in    P  nation,    by   Walter  .laokson,  is 

well   worthy   of  the  attention   of  automotive  engini 
from  it  are  riven   in  Appendix  3. 
I-    'his  trolley-bus  form  of  machine  the  vehicle  is  re- 
•  >\    immediately    from    tin-    handicap    of    running    on 
tracks,  and  while  it  is,  to  the  trolley  wire, 

the   flexibility  of   movement    has   many    real   advantages. 
tree  to  pa.--   roadway  obstacle-   and  Can  pick  up  and 

idewalk.    Incidentally, 
iperation  may  relieve  the  railway  organization  from 

>uld  be  a  decided 
further  economic  advi  a  lower  coal  of  mechani- 

cal upkeep  tx  he  vehicle  operates  on  rubber  tires. 
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Pig.    8 — Vehicles    of    the    Regular    Street-Car    Type    Having    a 

Single    Pole    with    a    Fork    for   Making    Connection    with    the 

Trolley   Wire   Are   in   Service   at   Minneapolis 

Its  employment  requires  practically  no  changes  in  the 
organization  for  operation  and  maintenance  and,  with 
the  use  of  central-station  energy,  it  should  be  able  to 
compete  with  buses  operated-  by  gasoline  costing  a  much 
higher  and  varying  price  for  the  power  required  in  trans- 
portation, as  well  as  a  lower  upkeep  cost  by  the  use  of 
electrical  equipment  for  frequent  speed-changes  as  com- 
pared with  mechanical  transmissions.  Another  important 
consideration  in  this  direction  is  the  possibility  that, 
within  a  short  time,  taxation  of  the  use  of  gasoline  on 
a  gallonage  basis  which  exists  at  present  in  a  number  of 
States  may  become  a  general  practice  throughout  the 
Country,  which  would  prove  a  serious  handicap  to  a 
public-service  organization  continuously  operating  large 
numbers  of  machines. 

Dual-Power  Bus-Equipment 

The  next  logical  step  in  the  development  of  more  flexi- 
ble vehicle  equipment  would  be  the  inclusion  in  the  trolley 
bus  of  a  secondary  source  of  power  for  supplemental 
operation.  This  may  be  either  a  gas-engine  equipment  or 
an  electrical  auxiliary  in  the  form  of  a  storage-battery 
chargeable  either  from  the  line  or  at  the  power  station. 
The  obvious  advantage  of  either  of  these  is  that  sup- 
plemental vehicle-service  could  be  rendered  beyond  the 
limitations  of  the  trolley,  and  in  this  way  there  would 
be  a  marked  increased  earning  capacity  in  a  machine  so 
equipped.  From  an  investment  standpoint,  in  going  into 
new  territories,  such  a  dual  power-equipment  would  re- 


quire only  a  partial  installation  of  overhead  line-con- 
struction, permitting  the  vehicle  to  be  operated  beyond 
these  extensions  in  various  directions  until  the  earnings 
from  such  extended  service  would  warrant  the  additional 
investment  in  further  line  installation.  Another  place 
for  the  use  of  such  a  vehicle  would  be  in  those  instances 
where  short  non-paying  trolley-lines  already  have  been 
abandoned  and  which  have  paying  territories  adjacent 
to  them  either  laterally  or  beyond  their  zones.  In  other 
words,  the  resuscitation  of  such  lines  by  this  means  would 
provide  for  return  parallel  routes  in  better  paying  lo- 
calities or  an  extension  of  the  service  beyond  the  point 
where  the  existing  lines  end.  Therefore,  whether  the 
auxiliary  source  of  power  should  consist  of  gasoline  or 
electrical  equipment  would  depend  upon  the  extent  of 
off-line  service  to  be  rendered,  particularly  considered 
over  long-time  periods  or  years  of  operation.  For  instance, 
if  operation  from  the  trolley  line  was  75  per  cent  of 
the  bus  route  and  the  auxiliary  service  25  per  cent  of  the 
route,  gasoline  equipment  would  be  indicated.  If  the  off- 
line service  represented  50  per  cent  of  the  performance 
it  would  become  desirable  to  use  central-station  power 
and,  for  this  purpose,  an  electrical  equipment  would  be 
indicated.    It  is  well  to  accentuate  here  that  such  electri- 


Fig. 


-Trolley  Brs  in  Service  at  Windsor,  Canada 


Fig.    7 — Type  of  Trolley  Bus  That   Is   in   Operation   at   Toronto 

This  Vehicle    Follows    the   Conventional   Bus  Construction   and    Has 

the    Control   Mechanism    under    the    H 1 


cal  equipment  in  the  form  of  storage-batteries,  if  charged 
intermittently  from  the  line,  would  not  require  to  be 
very  large,  because  the  intermittent  off-line  service  is  not 
likely  to  be  at  any  time  more  than  a  mile  or  two  of  op- 
eration and  a  comparatively  small  battery  would  serve 
this  purpose.  The  employment  of  such  a  battery  equip- 
ment with  a  means  for  intermittent  line-charging  would 
have  to  be  weighed  from  an  economic  standpoint  with 
the  contrasting  factors  of  the  use  of  cheap  central- 
station  power  against  the  use  of  gasoline. 

In  applying  such  trolley  or  dual-power  buses  to  exist- 
ing lines  where  trackage  and  a  single  overhead  trolley 
is  or  has  been  in  use,  avoidance  of  installing  the  second 
overhead  wire  might  be  effected  by  the  use  of  rail-contact 
devices  incorporated  in  the  vehicle.  The  advantages  and 
disadvantages  of  such  compromise  equipment  would  have 
to  be  weighed  in  each  case,  but  trolley-bus  operation  with 
a  rail-contact  device  is  well  within  the  range  of  feasi- 
bility. A  still  further  factor  in  the  general  situation  is 
that  the  more  broad  the  use  of  such  trolley  buses  be- 


\         XIII 


September,  1  !»•-'.•{ 


No.  a 


- 


Till    .M'l  K\A1    (U    THE  SOCIETY  OF  A I  TOMOTIN  E  ENGINE]  RS 


y.        ■       m    or   i 

I         • 

Tha    Bus    W 


;-ectbic    Bests    That    Operated 
to    lyiT 

- 


he   cheaper   the   vehicles    would    be.     Naturally. 
a  limited  output  of  these,  the  price  at  the  moment 
than  it  would  be  when  numbers  of  them  were 
•ructed. 

Independent  With  Electric  Transmission 

de   from    the  trolley-bus   type  of  vehicle   utilizing 
•ation  power,   it   may   be  well   from   the   stand- 
point of  lower  t:  -ider  the  em- 
ployment  of   vehicles   for   ordinary   bus    service    having 
ine-electric   transmission-systems   in  contrast   with 
ne  bus  with  mechanical  transmissions. 
The  Tilling-  -                       ;ne  electric  s  develop- 
ed ir                  ritain,  has  been  in  use  thei  •                '.i08;and, 
at  pn                             sozen  transportation  companies  em- 

•his  type,  and 

many  more  vehicles  using  this  system  are  employed 

em    is    particularly    simple, 

g  of  a  gasoline  engine  having  directly  connected 

to  it  an  electric  y-  electric  mov 

the  propeller-shaft.   The  control  consists  of 

.1  and  nverse  controller,  and  the  speed 

ne  engine  throttle  in  combination  with 

a  lever  varying  the  field  resistance  of  the  gi  and 

In  passenger-tr  th  "itera- 


tion, the  even  acceleration  and  silence  contribute  to  its 
popularity,  and  its  economy  ^(  operation  is  enhanced  by 

those  very  same  factors  at  the  same  time.  For  example, 
when  the  vehicle  has  been  accelerated  to  its  normal  speed, 
the  power  required  to  maintain  this  speed  is  a  small  per- 

of  that  required  for  acceleration.  Therefore  the 
engine  can  be  slowed  down  almost  to  idling  speed;  but 
the  motor  speed  and.  consequently,  the  car  speed,  is 
maintained  by  reason  of  the  change  in  the  regulation  of 
the  motor  and  the  generator  fields.  Well  substantiated 
claims  are  made  that  both  fuel-consumption  and  main- 
tenance costs  are  very  low  in  these  vehicles. 

In  the  United  States,  gasoline-electric  transmission- 
systems  have  been  used  in  various  forms  from  time  to 
time  for  many  different  purposes  in  the  freight  and  pas- 
senger-transportation fields  and  for  military-equipment 
requirements.  In  motorbus  service,  the  Fifth  Avenue 
b  Co.  used  a  group  of  10  buses  (See  Fig.  9)  from 
1908  to  1914  in  regular  schedule  operation,  and  some  of 
them  remained  in  emergency  service  until  1917.  These 
were  designed  by  H.  S.  Baldwin,  an  automotive  engineer, 
and  built  under  his  supervision  by  the  General  Electric 
Co.  The  electric-transmission  system  employed  in  these 
vehicles  was  entirely  satisfactory  from  an  operation 
standpoint,  although  they  were  somewhat  handicapped 
by  being  used  with  gas  engines  that  were  not  entirely 
suitable.  This  type  of  transmission  equipment  would 
have  been  continued  except  for  the  fact  that  it  was  not 
in  regular  production  and,  therefore,  could  not  compete 
with  the  mechanical-transmission  equipment  that  was 
more  readily  available  in  the  market. 

Prior  to  the  use  of  this  group  of  machines,  an  experi- 
mental vehicle  designed  by  Mr.  Baldwin  was  put  into 
operation  in  1905.  This  is  interesting  from  the  fact  that 
the  engine  was  started  electrically,  using  the  generator 
as  a  motor,  and  was.  therefore,  probably  the  first  vehicle 
to  embody  this  self-starting  feature.  Incidentally,  it  had 
a  semaphore  signal  at  the  back  which  was  thrown  into  a 
horizontal  position  by  the  torque  of  the  motor  when  the 
vehicle  started,  and  which  was  returned  to  a  vertical 
on  by  a  recoil  spring  when  the  vehicle  stopped.  A 
high-speed  electrically  operated  fan  was  used  also  to 
cool  the  radiator  coils,  which  provided  high  ventilation 
with  the  vehicle  running  at  low  speeds.  The  equipment 
of  tl  es  is  described  in  articles  by  H.  S.  Baldwin 
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entitled  Gaso-EIeetric  Motorbuses  on  Fifth  Avenue,  New 
York  City";  and  Some  Special  Applications  of  Gasoline- 
Electric  and  Storage-Battery  Automobile-Equipments/ 
A  later  example  of  a  gasoline-electric  system  is  illus- 
trated in  Fig.  10. 

Bus  service  is  distinctly  different  from  any  other  of 
the  several  forms  of  motor-vehicle  operation  with  which 
we  are  familiar,  inasmuch  as  the  machine  is  repeatedly 
operating  over  a  fixed  route  where  the  road-surface  con- 
ditions are  constant  except  for  varying  weather  condi- 
tions and  periodic  seasonal  changes.  The  other  operat- 
ing conditions,  such  as  the  mileage,  the  speed  and  the 
number  ef  stops  per  mile,  as  well  as  the  average  load 
carried,  are  almost  equally  fixed  and  constant;  so,  with 
all  these  operating  factors  known  in  advance,  it  is  com- 
paratively easy  to  determine  the  relative  advantages  of 
one  particular  equipment  as  against  another. 

In  bus  operation,  the  cost  of  constantly  recurring 
speed  changes  is  an  important  factor,  not  only  with  ref- 
erence to  the  upkeep  of  the  transmission,  but  also  the 
dynamic  influence  of  these  stops  and  starts  upon  the  wear 
and  tear  of  the  other  parts  of  the  vehicle  such  as  tires, 
brakes  and  the  like,  with  particular  emphasis  on  the  fuel 
consumption ;  and  it  is  in  reference  to  these  considera- 
tions that  the  use  of  electric  transmissions  may  be  of 
very  much  greater  importance  in  this  field  of  service  than 
they  have  been  hitherto  in  the  use  of  motor-vehicle  equip- 
ment. Electric-transmission  systems  have  been  in  use 
successfully  for  long  periods  in  bus  operation ;  whereas, 
for  regular  merchandise  haulage,  there  has  not  been 
equal  progress  with  such  equipment.  The  reason  for 
this  lack  of  progress  will  be  obvious  to  anyone  studying 
the  situation,  which  is  governed  largely  by  the  influence 
of  competing  apparatus  made  in  quantity  and  much  more 
familiar  to  the  average  user. 

Just  prior  to  the  war,  a  committee  of  the  Metropolitan 
Section  of  the  Society,  including  myself,  made  an  exten- 
sive research  into  what  had  been  done  in  this  field 
throughout  the  world.  A  report  is  on  record  that  indi- 
cates the  findings  of  this  committee  in  brief,  as  the  sub- 
ject was  so  broad  as  to  render  a  more  complete  report 
impracticable  at  that  time.  It  is  well  known  that  many 
systems  of  electric  transmission  have  been  devised  and 
applied,  but  their  use  has  not  become  general  for  the 
reason  that  quantity  production  was  never  attained  in 
any  case.  Consequently,  it  was  difficult  to  compete  with 
products  being  made  and  used  on  a  mass-production  basis 
combined  with  a  natural  tendency  on  the  part  of  the  com  • 
mon  user  to  employ  what  exists  in  ordinary  practice  in- 
stead of  utilizing  new  departures,  notwithstanding  what- 
ever the  economic  advantages  might  be. 

With  the  coming  of  a  very  general  application  of  auto- 
motive equipment  to  public  passenger-transportation, 
particularly  in  the  hands  of  existing  railway  organiza- 
tions, the  reason  for  the  existence  and  the  employment 
of  electric-transmission  equipments  is  changed  mate- 
rially, and  the  serviceability  of  these,  based  upen  their 
value  in  reducing  the  cost  of  operation  and  upkeep,  is 
likely  to  bring  these  systems  into  active  use.  As  a  mat- 
ter of  fact,  all  of  the  parts  required  for  such  equipment 
exist  as  standard  units  having  other  applications,  and 
the  almost  universal  employment  of  electric  starting- 
sytems  in  automobile  equipment  has  dissipated  much  of 
the  mystery  and  the  ignorance  that  previously  prevailed 
and  constituted  a  serious  handicap  to  the  use  of  electrical 


Fig.  11 — A  Type  of  Vehicle  with  a  Trolley  Pole  on  the  Trailer 

That   Is   Suitable   for   the   Transportation    of   Parcel   Post   or 

Express   Matter 

equipment    for    any    purpose    where    its    use    could    be 
avoided. 

The  electric  street-railway  organizations,  being  in 
effect  electric-transportation  engineering-institutions, 
should  be  more  inclined  to  prefer  electrical  equipment 
than  mechanical;  and  it  is  logical,  consequently,  to  fore- 
cast that  the  obstacles  which  have  existed  heretofore  to 
impede  the  application  of  economical  electrical-transmis- 
sion systems  are  likely  to  disappear.  It  would,  therefore, 
be  well  for  automotive  engineers  to  r  rf resh  their  knowl- 
edge of  the  various  systems  that  have  been  in  isolated 
use  for  various  purposes,  so  that  aay  superior  operating 
value  that  they  may  have  will  be  a\  ailable  to  the  operat- 
ing advantage  of  electric  street-railway  organizations 
using  motor-vehicle  equipment.  One  important  phase  of 
the  case  should  be  emphasized  in  the  following  consider- 
ation, that  in  electric-transportation  organizations  com- 
petent care  and  maintenance  for  the  particular  features 
of  these  equipments  is  available  more  readily  than  any- 
where else.  Another  is  that  all  of  the  electrical  equip- 
ment necessary  is  available  from  the  same  large  manu- 
facturing organizations  that  have  been  the  sources  upon 
which  railways  have  depended  for  their  equipment  re- 
quirements in  the  past.  As  in  the  case  of  the  trolley  bus, 
this  sptvific  type  of  machine  is  not  recommended  as  a 
"cure-all '  to  meet  every  requirement,  but  its  importance 
is  now  accentuated  more  than  ever  before. 

Body  and  Chassis  Requirements 

Body  and  chassis  requirements  peculiar  to  mass  trans- 
portation constitute  a  subject  that,  from  the  standpoint 
of  the  designer  and  the  manufacturer,  has  not  yet  re- 
ceived much  consideration ;  at  least,  it  has  been  side- 
tracked by  the  necessity  of  making  use  of  material  and 
equipment  designed  for  other  purposes,  but  constituting 
the  only   kind  immediately  available  for  application  to 


'See  General   Electric  Review.   November.   1908.   p.    214;   see  also 
Street  Railway  Journal,  Dee.  2,  1905,  p.  986. 

'  See  General  Electric  Review,  March,  1912,  p.  127. 


Fig.    12 — Another    Possible    Tractor    and    Trailer    Arrangement 
with  the  Trolley  Pole  on  the  Tractor 
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have   re:  'iepart    from   their   standard   products. 

responsibility   of   any   misapplication   made 

ig  upon  their  agents.    The  agent,  on  the  other  hand. 

being  forced  to  maintain  his  existence  under  the  trying 

•  at  have  prevailed   in   recent  year-. 

particularly  in  the  motor-truck  field,  has,  in  many  ca 

beer  make  use  of  any  business  opportunity 
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red  with   the   local   blacksmith  and  the 

local   wagonmaker,  not   forgetting  the  finishing  touches 

of  the  painter  and  the  decorator,  in  attempts  to  produce 

vehicles  built  upon  truck  chassis.     In  most 

ive  been  heinous  violations 
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ince  has  been  made  in  proper  design,  these  machines 
will  be  held  up  to  us  as  horrible  examples  of  our  earlier 
ignorance  and   incompetei 

Is  it  any  wonder,  then,  that  we  find  the  conservatively 
trained  executives  in  public  passenger-transportation 
fields  in  such  an  attitude  of  reluctance  to  adopt  this  mis- 
lit  equipment  that  violates,  from  every  point  of  consider- 
ation, the  tradition  of  their  industry  as  developed  by 
-  of  experience?  We  Bhould  acknowledge  invme- 
ly  the  radical  difference  existing  between  thei] 
perience  and  ours  as  automotive  engineers.  We  are  prin- 
cipally concerned  with  the  design,  the  construction  and 
the  application  of  isolated  unit  vehicles  where,  in  the 
.■-car  direction,  speed,  luxury  and  comfort  an 
an  ultimate  attainment;  and.  in  the  commercial  direction, 
the  standardized  production  of  merchandise  vehicles  that 
would  operate  with  tolerable  satisfaction  under  a  j 
variety  of  service  conditions.  The  street-railway  engi- 
neer and  the  executive,  on  the  other  hand,  have  been  re- 


Fio.    15 — How    a    Sbmi-Tkahj  Two    Trailers    Might    Bx 

BaDUD   by   a   Tractor 
Praetor  Might  Be  1  el    the 

\.l   Would  TIki.  e  as  Show  n 

••-d    wiih    Central-Station    Power    for    the    Large    Portion    of 
Run 

quired  to  provide  the  continuous  performance  of  a  rigidly 
standardized  transportation  under  conditions  where  fail- 
ure and  interruption  are  not  tolerated,  where  the  good 
will  of  large  communities  of  patrons  must  be  catered  to 
and  often  complied  with  under  trying  conditions,  and 
where  "safety  first"  has  even  been  more  vital  than  con- 
tinuity of  operation. 


nn>A»rT  Would  Svpplt  tfo   t  d  the 

Merchant  Would  Either  Own   or   Kent  the  Trailer 
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Public-Service-Transportation   Permanency 

Solidity  and  permanency  of  organization  have  been 
absolutely  necessary,  and  many  obligations  of  a  munic- 
ipal, political  and  regulatory  nature,  have  had  to  be  com- 
plied with  as  requirements  to  legal  or  actual  existence. 
Therefore,  we  should  feel  pretty  sure  that  any  general 
assumption  that  the  apparent  temporary  success  of  inde- 
pendent operators  forebodes  displacement  of  the  more 
permanent  railway-organization  service  is  entirely  delu- 
sive and  that,  within  the  lapse  of  a  short  period,  these 
organizations  will  seriously  determine  upon  a  rational 
program  for  graduated  advance  in  directions  of  the  newly 
demanded  service. 

The  problem  of  developing  satisfactory  equipment  is 
not  solved  readily ;  it  demands  a  serious  study  on  the 
part  of  both  the  railway  and  the  automotive  engineer. 
The  nature  of  the  undertaking  should  impress  us  with 
its  importance,  and  definite  steps  are  warranted  in  recog- 
nition of  the  enormous  progressive  possibilities  opened 
up  to  both  the  automotive  and  the  railway  industries  in 
meeting  new  expansion  in  directions  that  have  not  been 
contemplated  previously  by  either  of  these  industries. 

Prospective  Street-Railway  Business 

It  requires  no  stretch  of  the  imagination  to  realize 
what  may  be  accomplished  if  these  well  founded  and  ex- 
perienced transportation  organizations,  by  the  collaborat- 
ing influence  of  the  automobile  industry  and  the  conse- 
quent employment  of  flexible  vehicles,  should  be  suddenly 
released  from  the  rail  and  wire  restrictions  that  have 
limited  their  operations  definitely  to  almost  a  single  field 
of  service.  With  flexible  vehicles  operated  to  a  large 
extent  under  the  advantages  of  central-station  power  and 
distribution,  new  fields  of  business  development  are 
opened  immediately.  Their  city  passenger-transporta- 
tion can  be  augmented  materially  with  very  much  less 
investment  requirement  than  similar  expansions  called 
for  previously.  Sightseeing  transportation  is  legiti- 
mately within  their  business  province  and  summer  tour- 
ing-service is  a  prospective  possibility;  but,  more  impor- 
tant than  these,  is  the  opportunity  to  handle  the  local 
transportation  of  merchandise,  parcel  post  and  express, 
as  well  as  local  freight-transfer  for  merchants  and  manu- 
facturers, and  the  possibility  of  collaborating  with  the 
steam  railroads  in  putting  into  execution  the  recently 
much  talked  of  store-door  delivery.  Such  operations  may 
require  changes  in  the  limitations  of  their  existing  fran- 
chises, but  these  changes  or  enlargements  should  be  se- 
cured readily  in  view  of  the  advantages  rendered  to  their 
communities  by  the  increased  transportation  facilities 
afforded.  Their  ability  to  supply  a  highly  organized, 
economic  and  varied  line  of  service  to  the  business  in- 
terests in  their  immediate  vicinities  should  certainly  for- 
tify them  in  demanding  the  rights  necessary  to  conduct 
these  progressive  and  improved  operations.  Examples 
of  equipment  that  might  be  used  for  such  transportation 
are  shown  in  Figs.  11  to  15. 

Heretofore,  the  transportation  of  freight  by  street- 
railway  equipment  has  not  been  very  general  in  this 
Country;  nevertheless,  the  possibilities  for  business  in 
this  direction  are  so  extensive  as  to  warrant  the  ener- 
getic action  required  to  bring  it  into  common  practice. 
Necessity,  "the  mother  of  invention,"  in  developing  the 
ways  and  means  to  accomplish  this  may  have  been  lack- 
ing in  the  past;  but,  in  the  light  of  necessities  that  have 
existed  in  Europe,  we  have  some  good  examples  of  what 
can  be  done  under  pressure.    In  Appendix  4  is  an  extract 


Fig.    16 — A   French    Six-Wheel    Gasoline    Brs    in    Which    Both 
the  Front  and  the  Rear  Wheels    Perform    Steering    Functions 

from  an  article  entitled  Teuton  Trolleys  Handle  Freight". 
Briefly  this  shows  that  in  Germany,  as  long  ago  as  1903, 
there  were  60  of  the  148  street  railways  then  in  use  that 
were  handling  freight.  In  1913,  there  were  60  of  the 
Prussian  street  railways  and  19  of  the  railways  in  other 
German  states  that  were  handling  freight,  with  2600 
cars  for  package  mail  and  freight,  of  which  964  were 
regular  freight  cars  of  6-metric-ton  (6.61  net  tons)  ca- 
pacity each.  In  Vienna,  Austria,  up  to  1918,  local  street- 
railways  had  made  110,000  car-trips,  the  equivalent  of 
310,000  wagon-trips.  For  the  same  amount  of  work,  350 
horse  trucks  or  100  motor  trucks  would  have  been  needed. 
Therefore,  the  attitude  of  our  street  railway  organiza- 
tions, instead  of  being  that  of  resistance  and  reluctance 
toward  the  use  of  automotive  equipment,  should  be  a 
complete  and  energetic  change  to  a  realization  of  the 
enormous  new  business  fields  open  to  them  to  invigorate 
their  organizations  and  to  reestablish  a  happier  financial 
condition  by  seizing  upon  this  basis  of  a  new  start  with 
added  fields  for  progressive  development. 

Flexible-Equipment  Requirements 

Having  indicated  the  several  directions  of  possible 
expansion,  we  can  return  again  to  the  body  and  the 
chassis  equipment  necessary  to  meet  these  several  new 
requirements.  In  seeking  a  solution  of  this  new-equip- 
ment problem,  we  must  presuppose  a  favorable  attitude 
toward  new  methods  to  be  adopted,  necessarily  requiring 


J  See  Electric  Railway  Journal,  May 


1920,  p.  1062. 


Fig.   17 — A  Car  with  a  Semi-Trailer  That  Seats   29  Passengers 

and  Gives  a   Low,  Wide  Comfortable  Passenger   Car   Making   a 

Turn   in  a  Comparatively   Small  Space 
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trial  per  e  actually  the  performance  required, 

-  to  in'  made  for  such 
Demand  principally  exists    for    large 

h   low    operation  cost    ami   one-man 

low  center  oi  gravity,  a 
.  compensating  spring- 

•r  maintenance  and   repair. 
-  Deed  for  smooth  acceleration,  ample 
lati     brakes    ami   permanency   oi   the   power- 
continuous   operation.      Desirable   additions 
ires  are  a  detachability  of  powerplant 
inges.    Fundamental  necessities  are 
pai  standardization  oi  the 

rhese  requirements  cannot  he  supplied 
lily  in  machines  designed  primarily  as  trucks.    Their 
requirements    demand    correspondingly 

tor  omnibuses  in  European  cities  ate  good  examples 
lized  development.    These  are  not,  however,  gen- 
erally recognized  as  offering  a  broad  solution  for  Ameri- 
transportation  requirements.     They  are  particularly 
applicable    in   congested   metropolitan   zones   but,   under 
..ge  American  city  conditions,  something  less  cum- 
ible.     To  provide  for  large  passenger 
longer  vehicles  of  the  single-deck  type,  similar 
nown  in  Fig.  16,  are  in  demand.    This  calls  for 
•ribution  of  axle  carrying-capacity.     Some 
special  developments  have  been  provided  having  double 
rear  'me  others  have  provided  two  rear  and  two 

A  combination  tractor-and-trailer  design,  such  as  that 
illustrated  in  Fig.  17.  is  not  entirely  new  in  passenger 
transportation,  and  it  certainly  has  many  advantages 
worth  considering.  This  type  of  design  will  provide  the 
following  features: 

button   of   the   passen- 
I  and  the  powerplant 
Three  seta  of  springs  for  flexib  ion 

-■■ring  on    all   six   wheels,   resulting   in    a    short 
turning  radius 

lipment  application  to  two  axles  as  well 
as  to  the  drive-shaft 

rplaat  ■  quipment  confined  to  the  tractor  part, 
ar><;  nt    freedom    from  :uipment 

apparatus  in  the  trailer 
Tin  -.How  a  wide,  low-hung  body,  comfort- 

ably accommodating  both  seated  and  standing  pa 

.matic  tire  equipment  of  normal  size  is  made  service- 
d  icing  the  unsprung  wheel  weights  and 

The  tractor  can  be  detached  from  the 
trail-  n    for    ease    of    repair    and    maintenance. 

Trailer    •  •  n   and   closed   type-   can    lie    inter- 

• .  only  part  of  the 
put  out  1  •■;  and  a  carrying  capacity 

pro  ided  for  withit 
hides.     Illustrations  of  various  types  of 
r-.own  in  Figs.  18  and  19. 
.  h  a  brief  summary  of  this  particular  design, 
idily  that,  in  meeting  the  demands  for 
applied  usually  by  the 
hide,    there   is    an    opportunity   to 
ight  on  a  ra- 
length  of  vehicles  usually 
hand  irning  ability;    but,   with    three   axles 

along  the  of  the  vehicle  and  all  of  tl 

rolled  or  governed  in 

manner,   a:  .;able   turnin;  >•■- 

d  for  city  operation  can  be  attained.     The  conse- 


quence of  all  these  features  is  that  an  approach  is  made 
to  meet  the  demand  that  the  street-railway  executive 
rts  exists  in  the  necessity  for  handling  a  large  num- 
ber of  people  comfortably  and  flexibly  with  one-man 
control. 

This  type  of  vehicle,  having  included  in  its  power  oper- 
ating-equipment the  combinations  necessary  to  utilize 
central-station  power  or  to  operate  independently,  is  a 
step  in  the  direction  of  the  least  departure  from  the  exist- 
ing practice  in  street-railway  organizations,    it  provides 

for    the    Utilization    of    the    cheap    power    that    they    are 

equipped  to  furnish  and  tends  fundamentally  toward  the. 
preservation  of  their  existing  property  and  investment 
with  a  marked  extension  in  the  radius  of  application  "f 
the  transportation  service  in  new  and  profitable  direc- 
tions. 

A  somewhat  similar  application  of  1  ractor-and-trailcr 
equipment  for  freight  haulage  and  package  transfer 
would  similarly  extend  the  earning  power  of  these  cor- 
porations to  a  marked  degree.  It  is  easy  to  realize  that, 
with  the  cooperative  agreements  necessary,  a  tractor  of 
the  railway  company  having  dual  power-equipment  could 
transport  the  loaded  trailers  of  merchants  and  manufac- 
turers between  various  points  within  the  operating  zone 
with  the  utilization  of  central-station  energy  for  a  large 
part  of  the  performance.  Where  permanent  cooperating 
relationships  could  be  established  by  the  street  railways 
and  the  steam  railroads  for  the  conduct  of  store-door  de- 
livery between  the  railroads  and  their  customers,  flex- 
ible operating  equipment  and  adequate  line  facilities 
would  be  justified.  Even  if  the  latter  involved  a  consid- 
erable investment  in  permanent  overhead  structures 
within  the  zones  of  greatest  traffic,  such  transportation 
would  bring  to  the  railway  organizations  substantial  and 
permanent  revenue  for  operations  well  within  their  scope 
and  entirely  justified  by  reciprocal  economic  advantages. 
Fig.  20  gives  an  example  of  the  extent  to  which  the  trac- 
tor and  the  trailer  are  coming  into  use  by  large  trans- 
portation companies. 

With  problems  such  as  these  existing  in  directions 
that  have  not  heretofore  existed  for  either  the  street- 
railway  or  the  automotive  industry,  and  including  both 
business  and  engineering  opportunities,  there  should 
arise  immediately  a  progressive  energetic  response  in 
joint  cooperation  to  meet  the  purposes  of  both  parties. 
The  field  for  expansive  activity  is  enormous  and  the  auto- 
motive industry  should  immediately  recognize  that  in  the 
et-railway  organizations,  taken  collectively,  there 
exists  a  greater  potential  group-consumer  for  its 
products  tl*in  has  ever  existed  in  any  single  direction. 
In  other  words,  here  we  find  what  can  be  regarded  prac- 
tically as  a  unit  group  of  customers  experienced  as  no 
rs  have  been  in  the  utilization  of  transportation 
equipment,  with  requirements  that  are  uniform  in  char- 
acter and  with  executives  and  engineers  particularly 
qualified  to  coordinate  with  the  engineers  and  executives 
of  the  automotive  industry. 

APPENDIX   1 

In  a  report  to  the  New  England  Street  Railway  Club 
Committee  made  Feb.  2,  1922,  the  committee  calls  atten 
tion  in  a  general  way  to  features  that  should  be  taken 
care  of  in  the  construction  of  a  bus,  without  discussing 
the  proper  type  of  gasoline  engine  for  the  bus.  Briefly, 
are 
(I;   Reliability  and   ability  to  render   uninterrupted 

irvicc   ]H  hr.  daily 
(1)    A    high  degree  of   riding  comfort,   not  obtainable 
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by  a  common  motor-truck  chassis  with  a  body 
hung  on  it.  There  should  be  (a)  proper  spring 
suspensions,  (6)  as  little  rear-end  overhang  as 
possible  and  (c)  a  low  center  of  gravity.  The 
bus  must  be  more  comfortable  to  ride  in  than  a 
street  car,  if  possible 

(3)  That  tire  and  wheel  equipment  be  fitted  to  the 
roadway 

(  4  i    An  absolute  reliability  of  brakes 

(5)  Not  more  than  two  15-in.  steps  for  ingress  and 

egress 

(6)  An  attractive  body  appearance   from   the   inside 

and  the  outside 

(7)  A  rapid  pick-up  and  rapid  braking  speed 

(8)  A  low  gasoline  consumption 

(9)  Good  ventilation  and  light 

(10)   A  seating  capacity  of  21,  25  or  29  passengers 


Fig.    IS — Another   Tractor    and    Semi-Trailer    Combination    Ac- 
commodating   30    Seated    and    20    Standing    Passengers 

In  This  Arrangement  the  Tractor  Has  a  Short  Wheelbase  and  Is 
Intended  To  Have  Either  a  Trolley  Pole  or  a  Gasoline  Engine 
and  a  Transmission.  There  Being  No  Power  in  the  Trailer.  The 
Tractor  Is  Detachable  from  the  Trailer  for  Ready  Servicing  or 
the  Substituting  of  Other  Vehicles  in  Case  of  Damage  to  Either 
Member  of  the  Combination.  The  Steering  Is  Performed  by  All  of 
the  Axles  and  the  Steering  Functions  of  the  Rear  Wheels  Are 
Controlled  by   the   Angular   Movement  of   the   Tractor 

In  its  discussion  on  the  trackless  trolley,  the  committee 
gives  the  history  of  its  development  which,  the  report 
says,  started  in  Berlin,  Germany,  with  a  line  constructed 
by  Siemens  &  Halske  Actien  Gesellschaft.  Most  of  the 
developments  have  been  abroad,  in  Germany,  Italy, 
France,  Great  Britain,  Shanghai,  China,  and  Rio  de 
Janeiro,  the  last  being  a  storage-battery  line,  and  there 
being  one  line  built  at  Los  Angeles,  in  1910.  Only  re- 
cently have  there  been  any  serious  attempts  to  develop 
the  trolley  bus  in  this  Country. 

In  the  whole  world,  the  committee  points  out  that,  the 


i*-- 

Y  '         ■* 

L_ 

/ 

Fig.     19 — Another    Illustration    of    the    Possibilities    of    the 
Tractor    and   Trailer   Arrangement 

This  Vehicle  Will  Seat  50  Passengers  and  Has  Space  Enough  To 
Accommodate  40  or  50  More  Comfortably.  It  Is  Intended  for 
I  iperation  from  the  Trolley  Line  or  by  a  Gasoline  Engine  and  Has 
Both  an  Electric  Motor  and  a  Gasoline  Engine  and  a  Transmission, 
thus  Necessitating  a  Long  Wheelbase  for  the  Tractor.  One  Man 
Operates  the  Vehicle  and  Has  Both  a  Controller  for  Electrical 
Operation  and  a  Gasoline-Engine  Control.  The  Brakes  in  Both  of 
These  Vehicles  Are  on  the  Driving  Wheels  and  on  the  Rear 
Steering- vv heels.  As  a  Fifth-Wheel  Connection  Is  Provided  over 
the  Center  Driving  Axle,  the  Steering  Functions  Are  Performed  bv 
All  of  the  Axles  and  It  Is  Possible  To  Turn  the  Vehicle  Which 
Is    36    Ft.    Long    in    a    30-Ft.    Radius 

development  of  this  vehicle  has  extended  to  not  more 
than  200  miles  of  line  operating  under  widely  different 
conditions.  The  committee  also  points  out,  however,  that 
experience  with  these  few  lines  should  be  valuable  be- 
cause, if  conditions  have  changed  so  as  to  make  this 
method  commercially  feasible,  the  experience  with  de- 
signs and  types  should  enable  present-day  users  to  avoid 
mistakes  of  the  past.     The  committee  then  states 

Assuming  that  there  is  a  field  for  the  trackless- 
trolley  bus,  it  seems  to  the  committee  that  in  develop- 
ing a  suitable  vehicle  the  following  desirable  features 
should  be  incorporated 

(1)  Two  or  four-wheel  drive  and  two  or  four- 

wheel  braking,  depending   on  the  weight 
of  the  vehicle 

(2)  Power  applied  as  directly  as  possible  to  the 

wheels 

(3)  Series-multiple  control 

(4)  Some   storage-battery  capacity,  floating  on 

the  line  to  give  greater  flexibility  in  case 
of  blockades  and  the  like 

(5)  An    adjustable    device    for    grounding    the 


Fig.  20- 


_An  Example  of  the  Extent  To  Which  the  Tractor  and   the   Trailer   Are  Coming  into  Use  for   Package 

and  Freight  Transportation 
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le  to 

rail    lines    without 

■  ■  m 

mechani< 
on,  the  differ- 

.  :ng  simp 
and  machinery  with  ea 

I  maimer 
Solid  or  with  rubber  or  equr 

en  the  ch.. 
and 

g  -avity  and  a  minimum  d 

■  he  floor  of  the 
bu-  1  30  in. 

•  d  current  as 

to  prevent   any   leaking  of  current  under 
all  weather  conditions  and  to  prevent  the 

.    leaving   the    win 
er. 

conform    to    best    modern 
pra* 
Minimum  weight  consistent  with  these  fea- 
tures,  with   a    seating   capacity   of   about 
21  to  29  passengers 

The  committee  concludes  that  there  are  no  really  i . 

to  the  cost  of  operation  of  trolley  buses  in 
:  ica  now,  and  therefore  gives  some  of  the  costs  ex- 
perienced at  :id  Tees-side   in    England.     There- 
from, it   makes  some  BUgf  to  the 
■  if  trolley-bus  operation,  on  the  assumptions  stated 
in  table  1. 


TABLE    1 — ASSUMPTIONS    OP    THE    NEW    ENGLAND    STREET- 
RAILWAY-CUB   COMMITTEE 

Sch.  1,  m.p.h.  10 

erate,  per  day,  hr.  18 

Bu-  -ary  to  Buses  in  Operation  2 

:.:ne  per  mile  $6,000 

.:,00 
10 
ts  per  kw-hr.  - 

■nption  per  Bus-Mile,  kw-hr. 

Rubber  T  $200 

.id-Rubber  Tires,  miles  10,000 

Maintenance    and    Depreciation, 
percent  1" 

Maintenance,  per  Bus-Mile,  Assumed 
pment,  cents 
nts 

When  this  is  computed  f  I  total  mileage  of 

t  of  $16,1  "Per- 

ating  er  bus  mile  is  25.51  cents.    This,  of  course, 

not  allow  for  dead  mileage  or  for  the  use  or  the 

maintenance    of    the    highways.      The    last    item,    • 

though  he    community    through    taxation, 

•  rating  cost  in  any 
com: 

The  commi"  the  following  desirable  and  unde- 

olley  bus 

irable  feature  of 

that  it  makes  possible  the  ex- 

•'.   line*  to  furnish  trar.  n   facilities  to 

ped   communities,  where  the   traffic    must 

rii  r  rable  period,  at  a 

small  capital  admits   of   the   possi- 

changing  operation   later   without  the 

Iom  of  any  &;•  amount  of  the  capital  thus  in- 

The   second   desirable   feature    is   that   this   type    of 
y  readily  .on  by  itn 


railway  companies  because  us  general  character^ 

the  same  as  those  of  the  trolley  ear,  making  it  pos- 
sible   to   operate    it    with    the   same    transportation    and 

maintenance  organization  as  that  of  the  usual  si 

Another  desirable  feature  is   its  flexibility,  which. 

iurse,  is  greater  than  that  of  any  type  of  electric 

oar.  and  the  last   is  curb  loading  and  unloading. 

desirable  Features. — These  include  lower  operat- 
ing speeds,  lower  carrying  capacity  than  that  of  a 
Street  car.  possible  difficulties  with  the  current  collec- 
tor and  overhead  construction  and  operation  upon  tin- 
highway,  the  maintenance  of  which  is  not  under  the 
ntrol  of  the  transportation  company. 

In  conclusion,  the  committee  recommends  that  New 
England  street-railway  men  keep  constantly  in  mind  the 
possibility  of  adopting  any  one  of  these  methods  of  oper- 
ation in  the  development  of  their  service.     It  then  says 

The  committee  hesitates  to  recommend  in  a  report 
of  this  sort  just  where  any  individual  street-railway 
operator  should  adopt  these  different  methods  of  ti 
portation,  but  feels  that  street-railway  nun  as  a  whole 
ought  to  be  quick  to  recognize  the  possibilities  of  tl 
new  methods  and  are  in  duty  bound  to  adopt  them  in 
carrying  on  the  natural  monopoly  that  they  have  for 
street  transportation  of  passengers  in  the  various  dis- 
tricts they  serve,  wherever  careful  analysis  of  the  sit- 
uation shows  that  as  good  or  better  transportation 
could  thus  be  provided  at  less  cost  than  by  the  present 
methods. 

In  the  matter  of  one-man  operation,  the  committee  is 
of  the  opinion  that  it  has  Keen  demonstrated  that  a 
properly  equipjM'd  electric  car  can  be  operated  by  one 
man  under  many  different  operating  conditions  with 
antage  to  the  public  and  the  street  railway.  Fur- 
ther, this  method  of  operation  has  the  endorsement  of 
our  public  authorities  and  should  direct  our  attention 
to  operation  of  cars  with  one  man  wherever  careful 
analysis  shows  that  this  can  be  done  to  the  benefit  of 
the  service,  all  things  considered.  In  addition,  the  re- 
cent development  on  certain  properties  of  the  so-called 
light-weight  double-truck  car,  whether  operated  by  one 
man  or  two,  should  be  studied  closely,  as  the  commit- 
tee believes  that  there  is  a  considerable  field  for  this 
type  of  car,  particularly  for  one-man  operation. 

Relative  to  the  motorhus  and  the  trackless  trolley, 
considerable  advancement  has  been  made  during  the 
year  and  the  builders  of  each  now  have  in  mind 
to  a  large  extent  the  needs  of  the  street  railways. 
There  are  certain  portions  of  street-railway  lines  now 
ing  where,  on  account  of  the  expense  involved,  it 
undoubtedly  is  impracticable  to  rebuild  the  tracks  and 
where  it  might  be  prefi  rable  either  to  abandon  or 
tear  up  I  anil,  by  the  addition  of  another  over- 

head wire,  install  the  trackless  trolley.     The  committee 
believe;-  that  in  many  it  it  would  be  preferable 

before  even  going  to  the  expense  of  installing  the  track- 

■all  a  mot  i  .  ice  over  the  line 

on   which   the   tra<  been    selected    for   abandon- 

ment, and   to  try  out  tl  Pbus  for  a  period  before 

undertaking  the  expense  of  equipment  for  the  trackless 
trolley. 

The   committee    feel-    that    the    street  railway    oper- 
should  1  two  vehicles  constantly  in  mind 

when    contemplating   ex:<  if   lines   either    within 

or  without  the  territoi  rved   by  them.      In  the 

early  days  of  operation  on  these  extensions,  we  suggest 
to  the  operating  officials  the  advisability  of  using  the 
motorbua  until  the  final  route  has  been  established  and 
a  sufficient  amount  of  traffic  has  been  created  to  warrant 
the  expenditure  for  the  equipment  of  the  trackless- 
trolley  line.  In  the  establishment  of  extensions  to  the 
ilway  lines  during  the  development  period, 
there  seem  to  be  three  different  stages  that  the  sti 
railway  operator  should  contemplate  with  the  three 
vehicles  that  have  been  studied  by  this  committee. 
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(1)  A  motorbus    service  tried   out   over   various 

routes  to  establish  definitely  the  route  by 
which  it  will  best  serve  the  public  at  the 
least  expense 

(2)  The  trackless-trolley  service  placed  in  effect 

after  the  route  has  been  established  and  a 
sufficient  number  of  riders  obtained 

(3)  The   laying  of  tracks  and  car  operation   as 

the  community  becomes  built-up  and  the 
receipts  warrant  the  capital  expenditure 

Once  the  tracks  are  laid,  the  question  of  one  or  two- 
man  operation  should  be  carefully  figured  to  determine 
which  will  be  the  more  economical  and  satisfactory,  all 
things  considered. 

The  committee  desires  to  give  due  credit  to  the  fol- 
lowing organizations  and  publications  for  information 
that  we  have  obtained  in  compiling  this  report:  Elec- 
tric Railway  Journal;  American  Electric  Railway 
Association;  Public  Sen-ice  Acta;  and  the  annual  re- 
ports of  the  Public  Service  Commission  of  Massachu- 
setts. 

APPENDIX  2 

The  writer  of  the  article  quoted  below,9  J.  C.  Thirl- 
wall,  has  tabulated  the  respective  costs  on  a  comparative 
basis  for  a  variety  of  conditions.  In  general,  the  calcu- 
lations indicate  that 

(1)  Where  rush-hour  headways  of  3  min.  or  less 

are  required  with  safety  cars,  rail  cars  are 
the  most  economical  and,  up  to  6-min.  head- 
ways, offer  successful  competition  to  the 
other  types  where  the  road  is  a  going 
concern 

(2)  On  longer  headways,  the  trolley  bus  appears 

to  have  the  advantage  due  to  the  lower 
fixed  charges 

(3)  The  gasoline  bus,  on  account  of  higher  oper- 

ating cost,  does  not  offer  competition  to  the 
rail  car  until  minimum  headways  of  10  min. 
are  reached  on  new  routes  and  20  min.  on 
existing  lines 

(4)  The  trolley  bus  is  more  economical  than  the 

gasoline  bus  up  to  headways  of  60  min.  or 
longer 

(5)  The    minimum    headways    in    the    respective 

fields  are  as  follows:  rail  cars,  3  min.  or 
less;  rail  cars  or  trolley  bus,  3  to  6  min.; 
trolley  bus,  6  to  60  min.;  and  gasoline  bus, 
60  min.  or  more 

The  tabulations  show  that  the  difference  in  favor  of 
the  trolley  bus  as  compared  to  the  rail  car  operating 
on  headways  of  7%  or  10  min.  on  an  existing  route  is 
too  small  to  warrant  even  the  suggestion  that  rails  and 
equipment  should  be  scrapped  and  replaced  with  the 
new  form  of  transportation.  It  is  not  until  minimum 
headways  of  15  or  20  min.  are  reached  that  the  esti- 
mated saving  of  the  trolley  bus  over  an  existing  rail 
route  becomes  sufficient  to  justify  such  a  suggestion. 

To  illustrate  these  conclusions  and  to  show  the  prem- 
ises on  which  they  are  based,  a  number  of  tables  are 
presented  in  which  a  direct  comparison  is  made  of  the 
elements  of  investment  cost  for  a  rail  system  and  for 
the  two  types  of  bus.  The  actual  cost  of  laying  rail  in 
paved  streets,  of  erecting  overhead-trolley  lines,  or  of 
building  power  stations,  sub-stations  or  shops,  varies 
considerably  as  between  different  localities,  but  the  unit 
costs  used  in  the  tabulations  are  believed  to  represent 
fair  averages  for  present  construction. 

For  instance,  a  figure  of  §60,000  per  mile  has  been 
taken  for  single  track  with  few  turnouts  laid  in  a  paved 
street;  $75,000  for  single  track  with  more  turnouts  for 
shorter  headways;    $100,000  as  about  the   lowest  esti- 


$60,000  to 

$75,000 

100,000  to 

120,000 

5,000  to 

6,500 

1,800 

125 

40  to 

50 

1,500  to 

2,500 

6,300 

12,000 

S.IHIO 

S.DIIII 

TABLE    2 — AVERAGE    CONSTRUCTION    COSTS 

Single  Track,  per  route-mile 

Double  Track,  per  route-mile 

Trolley  Lines,  per  route-mile 

Transmission  Lines,  per  route-mile 

Generating  Station,  per  Kilowatt  of 
Maximum  Output 

Substation,  per  Kilowatt  of  Maxi- 
mum Output 

Shops  per  Car  Used 

Safety  Cars 

Double-Truck  Cars 

Trolley  Buses 

Gasoline  Buses 


mate  for  a  route-mile  of  light  double-track  for  safety 
cars;  and  $120,000  for  a  route-mile  of  heavy  track  for 
double-truck  cars.  In  some  localities  tracks  may  be 
laid  for  less  than  these  figures.  In  most  large  cities 
they  would  be  considerably  exceeded;  but  they  are  be- 
lieved to  indicate  with  a  fair  degree  of  accuracy  the 
magnitude  of  the  biggest  item  of  investment  that  can 
be  saved  by  the  use  of  the  rubber-tired  vehicle. 

Overhead-trolley  lines  using  wooden  poles  with  cross 
spans  can  be  erected  for  about  $5,000  per  mile  where 
only  one  trolley  wire  and  no  feeders  are  required,  and 
for  double  track  with  ordinary  feeders  should  not  ex- 
ceed $6,000  per  route-mile.  The  two-wire  trolley  re- 
quired for  trolley  buses  costs  about  $500  per  mile  more 
than  the  ordinary  type  of  construction  and  $1,000  more 
per  mile  when  the  line  is  run  on  both  sides  of  the  street. 
The  transmission  line  is  estimated  at  $3,500  per  mile, 
and  it  is  assumed  that  the  length  of  the  transmission 
system  is  one-half  that  of  the  distribution  lines.  A  sum- 
mary of  these  and  other  unit-cost  figures  is  shown  in 
Table  2. 

The  rail  car  requires  an  investment  in  each  of  the 
items;  the  trolley  bus  dispenses  with  the  track,  but 
necessitates  the  use  of  all  the  other  details;  the  gaso- 
line bus  requires  an  investment  in  the  vehicles  them- 
selves, and  in  storage  and  shop  facilities,  but  elim- 
inates the  remaining  construction  charges. 

On  fairly  long  headways,  that  is,  from  8  to  20  min., 
the  fixed  charges  on  the  rail  route  will  exceed  the 
operating  costs,  and  even  on  a  heavy-traffic  route,  they 
will  amount  to  40  per  cent  of  the  total  cost  of  operating 
the  line.  The  handicap  of  these  heavy  investment 
charges  has  given  the  gasoline  bus  its  opportunity  and 
enabled  the  jitneys  to  compete  successfully  in  many 
instances  with  the  established  traction  lines.  The 
gasoline  bus  has  a  higher  power-bill  and  a  higher  main- 
tenance cost  than  the  safety  car,  and  the  depreciation 
of  its  driving  equipment  is  decidedly  more  rapid  than 
that  of  electric  motors  end  control  on  the  rail  cars;  but, 
even  so,  for  many  conditions  of  traffic  it  is  the  more 
economical  of  the  two  methods  of  transportation.  How- 
ever, its  proponents  have  frequently  tried  to  force  it 
into  classes  of  service  where  its  higher  operating  costs 


TABLE   3 OPERATING  COST  IN  CENTS  PER  CAR-MILE 


*  See  General  Electric  Review,  December.  1921,  p.   974. 
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■    has  therefore  a  total   power   expense  of  T.o 
per  mile  or  more  than  the  trolley  bus. 

additional   tables   are  given    in   Mr.   Thiri- 

ihowing    investment,    fixed    charges    and 

•   for  different  service  conditions,   varying 

light   traffic,   from   which   the 
'ated  at   the   beginning   of   the    article    are 
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hardly   touched   upon   at   the  time.  Was  that   for  the  last 

ide  or  more  no  British  road  has  built  a  track  exten- 
sion into  thinly  peopled  territory  if  it  could  secure  the 
right   to  build   up   such  districts   through   a   bus   service 

proximately  -!>  electric   railways   in   the   United 

Kingdom    ate    owned    and    operated    as    individual    com- 

es  by  the  British  Electric  Traction  Co.    Of  these, 

about    one-half  operate   motorbus   services. 

trie   Traction   Co.   servii 

suburban  character.  Where  tramway  and  bus 
route  overlap  from  the  center  of  a  city  up  to  or  neai 
the  end  of  the  car  line,  an   extra  high    fare   is   charged 

eep  the  facilities  of  the  motorbuses  for  the  long- 
distal  urban  riders   for   whom  they  were  inaugu- 

rated. In  the  opinion  of  this  company's  otlicials,  the 
time    for  the   tram    is   when   the   business    has   grown    to 

the  point  of  justifying,  say.  a  L0-min.  headway. 

An    idea   of   the    importance    of   the   British    ! 
Traction    Co.'s    bus    operations    can    be    gleaned    from 
the  fact   that   for   the   fiscal   year  ended   Dec.  31,    1918, 
it   operated    on    the    systems    nail  100   buses 

and  carried  on  them  19,000,000  passengers,  exclusive 
of  those  carried  with  700,000  bus-miles  in  the  London 
district  of  the  British  Automobile  Traction  Co.  for 
which  no  "passengers-carried"  data  are  available. 

The  references  to  the  bus  undertakings  of  the  Brit- 
ish Electric  Traction  Co.  are  sufficient  to  establish  the 
that  the  coordination  of  the  car  and  the  bus  is  not 
a  chimera.  In  addition  to  these  privately  owned  co- 
ordinated services,  the  United  Kingdom  has  a  larger 
number  of  privately  owned  all-bus  systems,  ranging 
from  tiny  rustic  livery  undertakings  ami  feeder  ser- 
-  for  steam-railroad  stations  to  the  enormous  sys- 
tem of  the  London  Genual  Omnibus  Co. 

In  the  year   1918,  the  buses  of   London  carried  the 
impressive  number  of  682,000,000  passengers;   the  un- 
derground lini  d  i'.!i!i,(l(K),ii(HI  passengers  and  the 
•    railways   992,000,000   riders,    although   the  cars 
have  but  two  good  noil  tact  with  the  busi' 
and  the  pleasure  ana  of  the  world's  metropolis." 
Although   British   unit  costs  are  different  from   our 
.   there    is    much   that    can    be   learned   by  studying 
iparisons  of  car  and  bus  operations  in  Great  Britain, 
particularly   where  the   figures   relate  to   the   respective 
rations  in  the                 nmunity  and  under  the  same 
management.      These  figures  will   show  that,  wherever 
the  services  are  coordinated  instead  of  competitive,  the 
number  of  passengers  per  vehicle-mile  is  usually  much 
less  on  the  bus  than  on  the  car,  clearly  indicating  that 
the  I                         ng  used  for  light-traffic  rout  l'ur- 
tnore,  th'-  earnings   per  bus-mile  and   the   reo 

per   passenger  are  generally   in   o- !    hi.,     clai     ifica- 

tions  on  I  lilway,  because  the  average   ride 

on  the  b  ger  and  the  rate  of  fare  on  the  bu 

is  higher.    The    chedule    peed    of  the  buses  are  almost 
always   higher  than  those  of  the   cars,  not  on   account 
iperior  flexibility  or  higher  maximum  speeds,  but 
beca ';  fewer  stops    per   mile   and 

have  a  mu<h  larger  proportion  of  their  runs  in  subur- 

*  ry." 

To   develop   the   possibilities  of  the  coordination  of 

rbua  operation  with   electric-railway   lines  to   serve 

interurban  lines,  t|l(.  article  slates  that  the 

everal  applications  in 

State  of  Washington  in  1915.  The  motorbuses  were 
withdrawn   in   thre  alter  periods  of  service 

varying  up  to  18  month-  on  account  of  operating  losses. 

ting  from  the  article''  again 

The  lesson  to  be  drawn   from  these  unsuccessful  ef- 

to  tie  bus  ami    -  ether  oh         ly  is 

that  no  such  form  of  transportation   ran  be  successful 

if  there  are  not  enough  CU   tomer     to  go  around,  if  com- 

tion    is   unrestricted   and    if  the   direct  bus   service 
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is  preferable,  whether  from  a  time,  money  or  comfort 
standpoint,  to  the  use  of  two  kinds  of  transportation. 
The  amount  of  traffic  carried  did  not  justify  the  ser- 
vice, even  after  the  bus  is  credited  with  bringing  some 
patrons  to  the  interurban.  At  the  same  time,  if  the 
bus  did  not  make  any  money  for  the  railway  it  had  the 
important,  though  negative,  virtue  of  preventing  it 
from  losing  far  more  on  the  construction  of  a  track 
and  line  for  the  distance  under  consideration. 

It  is  also  clear  from  these  experiments  that  so  long- 
as  irresponsible,  free-for-all  competition  is  permitted, 
the  public  will  not  enjoy  that  reliability  of  service  and 
liability  for  accidents  that  are  possible  only  through 
an  established  transportation  undertaking. 

The  fourth,  and  surviving,  route  served  by  the  Stone 
A  Webster  interests  is  of  entirely  different  character, 
its  purpose  being  to  afford  a  through  bus  service  be- 
tween Seattle  and  Bothell,  Wash.,  a  distance  of  16 
miles  over  well-paved  highways.  This  line  was 
opened  in  November,  1915.  Up  to  June  26,  1916,  it 
had  to  compete  with  a  five-car  company,  but  by  Oct. 
10,  1916,  the  last  jitney  operator  had  disappeared. 
The  Seattle-Bothell  route  is  an  example  of  a  clean-cut 
bus-line  from  a  large  city  to  rather  distant  outlying 
communities  that  have  no  electric-railway  service. 

A  significant  fact  is  that  few  users  of  this  route 
took  advantage  of  the  5-cent  fare  and  free-transfer 
privilege  that  would  have  enabled  them  to  save  money 
on  the  5  miles  between  Cowen  Park  and  the  city  depot 
at  Fifth  and  Pine  Streets,  within  Seattle.  Consequently, 
the  inter-line  arrangement  with  the  Seattle  electric  rail- 
way, then  under  the  Stone  &  Webster  management, 
was  canceled  Aug.  1,  1917. 

This  is  in  accord  with  much  British  experience. 
Most  of  such  passengers  from  outlying  communities 
desire  to  reach  the  heart  of  the  city  as  quickly  and  as 
conveniently  as  possible  rather  than  go  through  the 
bother  of  transferring  from  one  vehicle  to  another  at 
the  terminus  of  the  trolley  line.  Where  a  higher  rate 
of  fare  is  charged  on  the  bus  than  on  the  car,  a  pro- 
cedure necessary  in  any  case,  the  bus  will  not  be 
slowed  down  too  much  within  the  city  through  use  by 
short-ride  passengers,  while  the  facilities  remain  avail- 
able for  the  out-of-town  riders  for  whom  the  buses 
were  specifically  installed. 

Further  installations  in  other  sections  of  the  Country 
are  described  also  in  the  article,  and  it  is  stated  that 

Experience  abroad,  and  here  as  well,  indicates,  how- 
ever, that  people  will  pay  a  higher  fare  on  the  buses  if 
the  latter  can  offer  noteworthy  advantages  in  speed 
because  of  long  non-stop  runs. 

Within  the  limits  of  this  article  it  is  not  practicable 
or  desirable  to  list  all  the  cases  where  electric  railways 
have  instituted  bus  services  either  directly  or  in  co- 
operation with  realty-development  companies,  manufac- 
turers and  other  parties,  but  one  may  say  confidently 
that  today  both  roads  and  vehicles  have  improved  to 
the  point  where  requests  for  service  to  thinly  peopled 
districts  can  be  best  and  most  cheaply  satisfied  by  the 
installation  of  the  motorbus." 

The  necessity  for  electric  railways  to  concern  them- 
selves with  the  motorbus  and  its  possibilities  is  clear 
from  the  dire  situation  that  has  arisen  in  New  York 
City.  As  the  reasons  for  the  municipal  bus-service 
there  may  not  be  so  well  understood  outside  of  New 
York  City  as  they  are  to  residents  of  that  city,  a  brief 
survey  of  this  development  may  be  clarifying. 

The  greater  part  of  the  electric-railway  mileage  in 
the  Borough  of  Manhattan,  New  York  City,  is  on  the 
underground-conduit  system.  This  system,  compelled 
by  city  ordinance,  was  much  too  costly  for  the  electri- 
fication  of   certain   routes   that   had   lost   their   traffic 


"See  Electric  Railway  Journal,  April  24,  1920,  p 

14  See  Electric  Railway  Journal.  May  29,   1920,  p.  10S8. 


importance  with  the  decline  of  the  ferries.  Indeed, 
by  1913  several  miles  of  practically  hopeless  trackage 
had  been  removed  from  the  streets  by  order  of  the  city. 
This  year  also  marked  the  substitution  of  the  storage- 
battery  car  for  the  horse  car  on  such  unelectrified 
trackage  as  remained. 

At  no  time  did  these  storage-battery  cars  make  any 
money,  even  when  operated  under  such  modest  condi- 
tions as  those  of  the  Third  Avenue  Railway  System, 
which  used  both  new  cars  and  rebuilt  horse-cars.  In 
May,  1916,  when  this  company  was  operating  the  now 
defunct  28th  &  29th  Street  Crosstown  Railway,  the 
operation  and  depreciation  expense  of  a  16,000-lb.  24- 
seat  car  was  29.1  cents;  whereas,  the  revenue  was  but 
20.9  cents.  This  cost  might  have  been  brought  nearer 
the  point  of  subsistence  if  these  cars  had  been  oper- 
ated with  but  one  man  each.  The  city  ordinance  that 
barred  this  practice  with  a  slow  car  traveling  on  a 
fixed  route  does  not  apply  evidently  to  the  operation 
of  the  faster  jitney  buses  that  can  twist  and  turn  at 
will. 

With  the  further  increase  in  costs  due  to  the  war, 
the  New  York  Railways  Co.  in  particular,  found  the 
burden  of  these  storage-battery  lines  too  great  to  bear 
at  a  5-cent  fare.  Application  to  permit  certain  dis- 
continuances therefore  was  made  by  the  receiver  on 
Sept.  19,  1919,  before  Judge  Mayer  of  the  United 
States  District  Court,  Southern  District  of  New  York. 
The  application  was  granted  at  once,  with  the  result 
that  on  Sept.  20,  1919,  the  Madison  Street,  Sixth  Ave- 
nue Ferry,  Avenue  C  and  Spring-Delancey  Street  routes 
ceased  to  function.  The  answer  of  the  city  adminis- 
tration was  the  installation  of  a  "scratch"  bus  service, 
which,  despite  obvious  shortcomings,  has  given  the  pub- 
lic more  and  faster  service  than  was  received  before. 
The  fare  remained  at  5  cents;  but,  as  will  be  pointed 
out  later,  this  is  made  possible  only  by  a  tax  on  the 
community  as  a  whole. 

A  portion  of  the  Spring-Delancey  Street  line  was 
restored  Feb.  1,  1920,  chiefly  for  transfer  reasons,  but 
it  is  doubtful  whether  the  other  routes  ever  will  be. 
The  fact  must  be  faced  that  the  railways  on  these  and 
similar  streets  have  become  obsolete.  Storage-battery 
two-men-per-car  operation  had  proved  both  too  slow 
and  too  costly  to  justify  frequent  service  in  territory 
where  almost  all  of  the  traffic  was  of  a  short-ride  char- 
acter. The  narrowness  of  some  of  the  streets  traversed 
had  also  been  a  factor  in  discouraging  a  renaissance 
of  these  lines  following  the  elimination  of  the  horse  car. 
Ail  in  all,  then,  the  policy  of  substituting  motor- 
buses  for  the  cars  was  the  only  correct  one  from  a 
transportation  standpoint  under  the  conditions  as  they 
existed.  It  is  doubtful  whether  any  increase  in  fare 
would  have  done  the  railway  operators  any  good. 
While  a  proposition  from  them  to  operate  buses  might 
have  met  with  more  favor,  a  higher  fare  than  5  cents 
would  have  been  inevitable,  since  the  cost  per  seat 
furnished  is  at  least  as  high  on  a  bus  as  on  a  batterv 
car." 

In  the  early  days  of  the  jitney  it  was  fondly  believed 
that  liability  bonds,  taxation  and  other  imposts  would 
make  the  continuance  of  such  operation  impossible. 
As  a  matter  of  fact,  the  small  touring-type  jitney  has 
largely  disappeared,  but  it  has  been  replaced  by  the 
more  formidable  jitney  bus.  So  long  as  such  buses 
are  individually  operated  and  run  only  on  choice  routes 
and  during  choice  hours,  their  owners  can  show  enough 
above  actual  costs  to  keep  in  the  business.  When  in- 
vestigation discloses  that  the  same  men  have  stuck  to 
the  game  for  2  or  3  years,  it  is  time  to  give  up  watch- 
ful waiting  or  passive  resistance  as  good  policy. 

Probably  no  city  offers  a  better  example  of  the  jitney 
bus's  tenacity  than  Newark,  N.  J.  From  171  vehicles 
in  June,  1916,  to  402  buses  in  December,  1919,  is  one 
record;  from  8,195,591  passengers  in  1917  to  36,895,010 
passengers  in  1919  is  another.     These  figures   are  de- 
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of  vehicle  that  have  been  character- 

•    stage  operation. 

Mark  now  the  change  in  his  status  if  he  decides  that 

more  profitable  to  carry  more  passengers  at  the 

waj   rate.     He  is  no  longer  a  hackman,  tem- 

irily  renting  his  vehicle  for  the  exclusive  use  of 
the  first  patron  or  group  of  patrons.  His  vehicle  be- 
comes an  omnibus,  literally  a  cany-all.  whereby  he 
not  only  cats  deeply  into  the  earnings  of  the  street 
railway  but  is  also  morally  bound  to  accept  the  same 
obligations  and  burdens  as  the  street  railway. 

The  many  novel  problems  involved  in  this  transition, 

with  its  concurrent   appeal  to  the   public's  appetite  for 

regardless    of    high-cost    prices,    are 

only   now   nearing   solution    in   Great    Britain.     Yet  the 

trie  railways  of  Britain,  so  largely  municipalized, 
did  not  have  to  meet  the  "Here's  a  chance  to  get 
squar."  tactics  that  are  characteristic  of  condil 
here.  It  simply  has  proved  easier  to  control  an  indus- 
try that  has  a  fixed  track  with  some  claims  to  right-of- 
way  than  one  whose  pathway   is  the  common  road.  T 

In  spite  of  the  commendable  cooperation  that  has 
been  manifested  recently  between  electric  railways  and 
civic  committees,  notably  in  the  cities  served  by  the 
Eastern  Massachusetts  Street  Railway,  there  is  no  rea- 
son to  expect  the  permanent  elimination  of  the  com- 
petitive bus  through  any  other  tactics  than  the  giving 
of  headways  that  are  short  enough  to  wipe  out  the 
jitney  driver's   margin  of  prot'r 

The  argument  is  developed  in  the  article  that  the  re- 
sponsibility for  all  mass  passenger-transportation  should 
be  placed  on  one  agency  only. 

In  the  article  it  is  shown  that  practically  every  kind 
of  motorbus  operation  costs  more  than  modern  car  ser- 
vice on  a  well-traveled  route,  proving  thai  al  present 
costs  the  bus  may  supplement  but  cannot,  from  an  eco- 
nomical point  of  view,  supplant  the  electric  railway 
upon  the  basis  of  equal  fare  and  responsibilities.  In 
concluding  this  survey  of  the  place  of  the  motorbus,  Mr. 
Jackson  summarizes  the  position  of  affairs  as  follows:" 

i  1  i    No  service  duplicating  railways  should  be  operated 

except  for  traffic-relief  purposes 
i  _' I    Such  service  should  be  given  by  the   local   railway 
Tern 
Higher  fares  should  be  charged,  preferably  on  a 
distance  basis,  wherever  the  bus  offers  superior- 
ity in  speed  and  accommodations  and  also  wher- 
ever it  serves  districts  that  are  too  sparsely 
tied  to  justify  a  permanent  way 

George  A.  Green,  at  the  time  general  manage]-  of  the 

Fifth  Avenue  Coach  Co.  of  New  York  City,  in  an  article 
mm    .Motorbus   Transportation    in    New    York  ifter 

ribing  the  organization  of  that  Company,  makes  the 
following  observations  in  relation  to  the  future  possibili- 
ties of  the  motorbus : 

It  already  has  1 n  pointed  out  that  motorbus  opera- 
tion is  a  comparatively  new  art.    The  possibilitiei 
improvements  are  practically   unlimited.      This  applies 
to  design   for  greater  comfort   and  convenience  as  well 
>  economy  of  operation.     The  I  ■   a  min- 

imum investment  in  garage  and  repair  facilities,  and 
its  low  unit  cost  is  a  powerful  argument  in  favor  of 
its  adoption.  Unquestionably,  if  a  motorbus  service  is 
its  possibilities  r.f  financial  success,  it  must  be 
back-  ■  only  by  amide  resources  but  it  also  must 

develop   a    highly   specialized    organization.      The   engi- 
neering force  and  the  management   must  have  special- 
ized  experience,   for   the    motorbus   traffic-demands   are 
ecial. 

Employes  must  be  trained  in  a  branch  of  motor- 
vehicle  operation  with  many  distinct  and  unique  pecu- 
liarities, for  which  the  operation  of  neither  the  auto- 
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mobile  nor  any  form  of  transportation  affords  suitable 
experience.  One  of  the  chief  differences  between  the 
bus  and  other  forms  of  transportation  is  the  matter 
of  flexibility.  As  a  matter  of  fact,  we  prefer  to  train 
men  for  drivers  who  have  never  had  automobile  driving- 
experience.  Furthermore,  we  find  that  railroad  opera- 
tives, while  they  possess  useful  knowledge,  must  forget 
so  much  that,  on  the  whole,  it  is  more  satisfactory  to 
employ  men  without  this  experience. 

In  my  opinion  the  wisest  policy,  both  from  a  financial 
standpoint  and  the  service  results  to  the  city,  is  to 
entrust  a  single,  well  organized  and  equipped  company, 
possessing  ample  resources,  with  the  development  of  a 
unified  motorbus  service.  Parceling  our  streets  to  two 
or  more  companies  will  never  provide  the  Pullman-car 
service  that  the  true  motorbus  can  give.  The  actual 
result  of  any  form  of  competition  must  be  multiplied 
fares  and  no  transfers.  With  a  unified  system  there 
can  be  no  harmful  monopoly,  for  the  fare  should  be 
determined  by  the  authorities  and  the  company  should 
be  under  public  regulation,  but  so-called  competition 
from  a  public-utility  standpoint  means  bad  service  and 
financial  failure.  Cities  cannot  be  prosperous  without 
efficient  utilities  and  utilities  cannot  be  efficient  without 
prosperity. 

Clearly,  where  car  tracks  do  not  already  exist,  the 
most  careful  thought  should  be  given  before  they  are 
installed.  Apart  from  this,  from  a  public  service  as 
well  as  an  operating  point  of  view,  there  can  be  no 
question  as  to  the  possibility  of  using  buses  for  (») 
extending  the  service  of  existing  car  lines  by  bus  sys- 
tem into  the  outlying  districts  through  the  introduction 
of  transfer  privileges  between  the  two  and  (6)  extend- 
ing service,  the  conditions  of  the  streets  permitting,  into 
the  outlying  districts  without  transfer  service  between 
buses  and  cars  and  without  disturbing  the  present  local 
business  or  business  logical  to  the  existing  car  lines, 
by  permitting  the  buses  to  operate  beyond  the  present 
outlying  terminus  of  street  cars  and  by  diverting  the 
buses  to  other  parallel  routes  after  reaching  such  out- 
lying terminus. 

APPENDIX  4 

Under  the  title  Teuton  Trolleys  Handle  Freight,  and  a 
sub-title  War  Experience  and  Higher  Costs  for  Fodder 
and  Fuel  Expected  to  Extend  the  Use  of  German  and 
Austrian  Tramways,  the  following"  is  stated: 

A  recent  paper  by  Wilhelm  Neumann,  councillor, 
Austrian  State  Railways,  read  before  the  Austrian 
Engineering  and  Architectural  Society,  discusses  en- 
couraging possibilities  for  the  further  development  of 
freight  haulage  on  street  railways.  At  the  opening  of 
the  World  War,  the  Vienna  tramway  system  installed 
a  track  connection  with  one  steam  terminal  to  take  over 
the  passenger  traffic  released  by  the  closing  of  the 
Stadtbahn  to  such  business.  The  next  step  was  to  make 
use  of  these  connecting  tracks  for  freight. 

The  pressure  for  freight  haulage  on  the  street  rail- 
ways of  Germany  evidently  was  less,  for  it  was  not 
until  December,  1916,  that  the  War  Department  sent 
out  a  questionnaire  to  learn  their  facilities  for  freight 
business.     Such  business  was  less  of  a  novelty  to  the 
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German  than  to  the  Austrian  electric  railways.  The 
latter  had  handled  freight  only  spasmodically,  whereas 
the  Germans,  as  long  ago  as  April,  1903,  were  moving 
freight  on  60  of  the  148  tramways  in  the  country. 
Others  were  not  doing  so  purely  because  of  franchise 
restrictions. 

In  those  days,  also,  the  cheapness  of  horse  transport 
and  the  cost  of  rehandling  were  the  limiting  factors. 
However,  by  1913,  60  out  of  135  Prussian  street  rail- 
ways and  19  of  the  railways  in  the  other  German  states 
were  handling  freight.  These  79  companies  then  had 
2600  cars  for  package  mail  and  freight,  of  which  964 
were  regular  freight  cars,  avei-aging  6  metric  tons 
(6.61  net  tons)  each  in  capacity. 

CONCLUSIONS  REACHED  BY  GERMAN   ROADS 

According  to  chief  engineer  Winkler  of  Charlotten- 
burg,  Berlin,  the  German  roads  before  the  war  had 
reached  the  following  conclusions  on  the  subject  of 
handling  freight: 

Street  railways  should  be  considered  freight  feeders 
to  the  steam  lines  and  should  have  direct  or  indirect 
connection  with  them.  Car  interchange  is  imprac- 
ticable because  of  the  sharper  curves,  smaller  clear- 
ances, narrower  wheel  treads  and  coupler  differences 
of  the  street  railways.  The  use  of  sub-trucks,  even  if 
clearances  are  ample,  is  of  but  limited  application. 
Trans-shipment  is  then  necessary,  and  for  this  labor- 
saving  devices  should  be  used  as  much  as  possible.  The 
freight  was  usually  hauled  in  a  train  consisting  of  one 
motor-car  and  two  or  three  trailers.  Most  freight 
service  was  handled  at  night. 

The  war  led  to  a  tremendous  development  of  trolley 
freight.  In  February,  1918,  practically  all  haulage  on 
the  electric  lines  was  with  trailer  cars.  In  some  cities 
garbage  transport  was  instituted.  Dusseldorf  was  the 
only  city  in  which  a  package  business  was  conducted. 
Most  of  the  roads  confined  their  efforts  to  carload  trans- 
fers between  the  steam  railroads  and  large  shippers. 
Generally,  the  freight  trains  were  run  at  passenger-car 
speeds  and  were  often  interpolated  with  passenger 
service.  A  disadvantage  found  with  wagon  trailers 
on  their  own  wheels  was  the  low  speed  of  4  to  8  km. 
per  hr.  (2%  to  5  m.p.h.),  compelled  by  the  character 
of  their  spring-suspension  and  brakes. 

The  tariff  changes  are  usually  based  upon  the  ca- 
pacity, not  actual  load,  of  the  trailer  and  the  distance 
run.  The  prices  are  considerably  below  those  charged 
for  horse  drays.  An  auxiliary  saving,  due  to  easier 
transfer  from  steam  to  electric  cars,  is  the  quicker 
release  of  the  steam  cars,  made  possible  by  the  better 
use  of  mechanical  transfer-devices.  More  freight  busi- 
ness by  electric  railways  would  not  only  enlarge  the 
steam-railroad  revenues  but  give  a  better  use  factor  of 
men,  powerplant,  truck  and  line. 

HEAVY  WAR  TRAFFIC   IN   VIENNA 

Referring  to  Vienna,  Mr.  Neumann  said  that  up  to 
February,  1918,  the  local  street  railways  had  made 
110,000  car  trips,  the  equivalent  of  310,000  wagon  trips. 
For  the  same  amount  of  work  350  horse  trucks  or  100 
motor  trucks  would  have  been  needed.  A  great  variety 
of  materials  was  handled,  the  local  distribution  of  mail 
being  especially  successful. 
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THE  :  the  pap<r.<  presented  at  the  Chi- 

f  the  Sot  iety  included  writ- 
contributions  submitted  by  members  who  v 
unable  to  be  present  and  the  remarks  made  at  the  meet- 
ing.   In  effort  has  been  made  to  have  the 
authors  of  the  several  papers  reply  to  the  discussion. 
oral  and  written,  and  these  comments,   where  received, 


are  included  in  the  discussions.  For  the  convenience  of 
the  members,  a  brief  abstract  of  each  paper  precedes  the 
discussion,  with  a  reference  to  the  issue  of  Till-:  JOURNAL 
in  which  the  paper  appeared,  so  that  members  who  de- 
sire to  refer  to  the  complete  text  as  originally  printed 
and  the  illustrations  that  appeared  in  connection  there- 
with can  do  BO  with  a  minimum  of  effort. 


11  IK  GENERAL-PURPOSE  FARM  TRACTOR 


BY   C.   M.  EASON 


THE  author  divides  the  history  of  the  application  of 
mechanical  power  to  farm  work  into  three  periods, 
each  one  and  comments  upon  the  various 
phases  of  progressive  development  that  influence  the 
type  of  tractor  most  desirable  for  satisfying  present 
needs.  The  requirements  of  farm  work  are  outlined, 
and  the  different  types  of  tractor  built  and  b< 
structed  to  meet  these  demands  are  reviewed,  discus- 
sion of  large  versus  small  tractors,  type  of  drive,  power 
needed,  control,  methods  of  operation  and  the  factors 
constituting  general-purpose  service  being  included. 

So   far  ng  the   tractor    for   farm   usage   is 

concerned,   the   author   believes   that    the   present   lim- 

i  utilization  Ties  with  the  tractor  industry 

and    with    tractor    engineers,    rather    than    with    the 

farmer. —  [Printed    in    the    June,    1923,    issue    of    THE 

■'  BNAL.] 

THE  DISCUSSION 

N.  S.  Johnson: — We  began  with  the  idea  that   it    is 
:nd  practicable  to  make  a  general-purpose  trac- 
■  ould  develop  a  power  machine  and  the  im- 
plements that  go  with  it  so  that  the  operator  could  at- 
tach and  detach  them  quickly,  the  idea  being  to  incn 
the  production  per  man  to  the  greatest  possible  extent 
and  to  reduce  the  cost.    After  Beveral  years  we  found  we 
ry    complicated    machines.      When    th< 
r  machine  became  heavy  enough  I  me  of  the 

heavy  work,  it  wa  eavy  and  powerful  for  some  of 

the  i  .  Thi  nutation  i  ighl 

of  tl  ine  that  conli  I  profitably  in   horti- 

culture.    A  machine  that  would  cultivate-   row  cro] 
the  o  light  for  some  of  the  other 

farm  work.    Finally,  we-  developed  a  power  machini 
which  p.''  :rawn  types  of  implci 

cultivators  and  othi  al   equip- 

much   lighter  and  cheaper  to   pro- 
■  gular  horse-drawn   machine-.      We   be- 
lt we  have  not   by 
•  dink  the  prol 
•  ry  intricate  problem. 
\TT:  — If  we  i 
r  farming,  we  must  make  the  power   unit 
•   drawn   implements.     An- 
il   of    whether    pi' 
apable  of  withstanding  the 
•■hen    pulled    by  an 
.nit.     A  power-driven  unit  flexi- 

ble in  the  sense  that  a  hoi   e  .-.     To  attain  this  ultimate 


result  will  require  cooperation  between  the  manufac- 
turers of  the  power  unit  and  of  the  implements.  The 
Farm  Equipment  Association  and  the  tractor  builders 
must  correlate  their  views. 

Dent  Parrktt: — Our  experience  with  light  cultivat- 
ing machines  was  gained  on  a  large  farm.  We  found 
that  our  small  machine  could  be  kept  busy  almost  every 
day  of  the  summer;  a  larger  tractor  on  the  same  farm 
was  used  only  for  a  few  days.  This  gives  an  idea  of  the 
omparative  utility  and  demand  for  a  machine  that  can 
be  used  for  all  the  other  operations.  Some  things  are 
done  ordinarily  with  two  and  three-horse  teams;  the 
lighter  work,  such  as  cultivating  and  haymaking,  can  be 
done  with  the  light  machine.  A  tractor  to  do  this  work 
must  be  well  made,  because  a  general-utility  tractor 
would  run  several  times  as  much  per  year  as  the  tractoi 
ave  now. 

•  hairman  Scarratt: — Farming  requirements  vary 
according  to  the  district;  in  the  large  grain-producing 
ins  in  which  there  is  little  diversity  of  farming  and 
in  which  large  acreages  must  be  covered,  our  present 
tractors  nearly  fill  the  requirements  of  the  farm.  Even 
a  three-plow  tractor,  and  surely  nothing  larger  than  that, 
would  not  be  a  profitable  size  of  machine  to  use  for 
diversified  work.  What  we  must  think  about  is  the 
creation  of  a  new  small-size  machine  of  not  more  than 
two-plow  capacity  that  will  do  a  wide  variety  of  work. 
The  increased  number  of  hours  of  use  that  a  light  ma- 
chine would  have  and  the  necessity  for  high-class  con- 
struction to  make  it  able  to  withstand  this  increased 
service  are  important  matters.  The  cost  of  the  mad 
will  increase  with  the  increase  in  quality.  Whether  it 
will  i  ble  to  bring  out  a  flexible  lighl  weight  ma- 

|]   it   at   such  a   price  as  will  make  it  a  real 
competitor  with  present   power  and  horse-drawn  imple- 

-  will  require  serious  study. 

.1.  B.  Davidson:     So  long  .•>    the  corn-belt  farmer  must 

animal  power  to  cultivate  and  gather  his  crop,  he 

will    not    And   a    very    large    place    for   mechanical   power. 

'it,.-  solution  of  the  problem  depends  on  taking  into  ac- 

COUni  I    the  most    important   factors   involved,  one 

of  which  is  the  realization  thai  the  cultivation  of  corn  is 
a  precil  Ion  operation.  A  tractor  cultivator  must  go  just 
where  the  operator  wishes  it  to  go  without  any  doubt; 
dangling  line  .  flexible  connections  and  the  like,  are  .••. 
disadvantage.  Four  rows  of  corn  can  be  cultivated  in 
operation  just,  as  well  as  two  if  the  four  rows  have 
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been  planted  in  one  operation.  There  is  also  a  possi- 
bility of  employing  better  farming  methods.  With  plenty 
of  power  there  is  little  reason  that  weeds  should  start 
in  the  corn  field.  The  main  purpose  of  cultivating  corn 
is  to  kill  weeds. 

C.  C.  Trump  : — I  agree  that  the  steam  tractor  as  it 
was  is  on  the  decline,  but  it  seems  that  there  still  is  a 
place  for  the  steam  tractor. 

C.  M.  EASON:— About  12,000  or  15,000  large-size 
tractors  for  threshing  and  for  similar  work  are  being 
built  each  year;  it  is  a  steady  business. 

Mr.  Trump: — I  referred  to  something  a  little  different 
from  the  ordinary  conception  of  the  steam  tractor.  Hav- 
ing to  do  with  uniflow  steam  engines,  I  have  had  an  op- 
portunity to  cooperate  with  one  of  the  tractor  companies 
in  developing  a  light  steam  tractor.  We  designed  the 
engine  for  it,  after  having  designed  the  engine  for  a 
truck.  We  found  that,  although  there  were  difficulties 
with  the  engine,  the  main  difficulty  was  with  the  boiler 
and  the  combustion  system.  Development  work  of  this 
kind  has  been  going  on  for  about  10  years. 

It  has  been  suggested  that,  since  we  must  consider  the 
fuel  problem,  the  waste  products  of  the  farm  should  be 


used  for  fuel.  A  steam  boiler  that  is  properly  designed 
will  burn  wood,  straw,  corn,  oil  or  coal.  If  the  average 
use  of  the  tractor  is  only  50  days  per  year,  we  must  con- 
sider ways  to  reduce  the  interest  charges  by  increasing 
the  use.  It  would  seem  to  me  that  the  steam  tractor 
could  be  used  during  the  winter  for  furnishing  power, 
light,  hot  water  and,  by  proper  connections,  could  store 
heat  for  houses.  We  all  are  familiar  with  the  possi- 
bilities of  the  flexibility  of  control  of  steam  power  for 
cultivating  and  for  work  of  that  kind.  It  seems  to  me 
that  such  a  tractor  could  be  worked  out,  and  that  there 
are  possibilities  in  this  direction  that  engineers  have  not 
taken  into  account.  The  types  of  engine,  boiler  and  com- 
bustion system  are  being  improved  and  I  believe  are 
available  for  a  light  machine,  suitable  for  two  or  three 
plows  and  general-purpose  work. 

A  Member: — I  am  interested  in  the  light-type  steam 
tractor.  We  have  found  that,  the  steam-power  tractor 
using  distillate  or  low-grade  fuel  works  satisfactorily 
under  high-pressure  steam. 

Chairman  Scarratt: — The  steam  tractor  certainly 
offers  interesting  opportunities  for  further  development 
in  the  future. 


NEBRASKA  TRACTOR-TEST  ANALYSIS 


BY   OSCAR  W.   SJOGREN 


A  COMPILATION  of  all  results  of  the  tractor-testing 
work  at  the  University  of  Nebraska  is  presented 
by  the  author,  who  specifies  the  equipment  used  and 
discusses  the  subjects  of  the  proper  rating  of  tractors, 
belt  speeds,  weight  distribution,  tractive  efficiency, 
wheel  slippage,  piston  displacement,  fuel  and  water 
consumption  in  considerable  detail  supplemented  by 
illustrations.  The  defects  of  tractors  are  divided  into 
the  three  main  groups  of  engine,  accessory  and  chassis, 
and  enumerated,  comment  being  made  thereon. 

Three  general  recommendations  for  remedying  these 
defects  are  stated  and  a  statistical  record  of  the  re- 
sults secured  during  the  three  seasons  when  the  tests 
were  conducted  is  included.  That  a  better  product  is 
one  of  the  direct  results  of  the  testing  program  is  in- 
dicated by  the  statistics  presented  in  Table  1. —  [Printed 
in  the  June,  1923,  issue  of  The  Journal.] 

THE  DISCUSSION 

Chairman  Scarratt: — Professor  Sjogren's  paper  is 
distinctly  divided  into  two  parts;  one  pertains  to  the 
graphic  analysis  of  the  Nebraska  tractor-test  results 
from  a  design  standpoint ;  the  other  is  a  statement  of 
the  nature  of  the  troubles  encountered  during  the  test. 
How  many  builders  sent  their  experimental  machines 
there  to  get  an  idea  of  what  the  machines  could  do?  The 
number  of  troubles  and  their  variety  are  such  that  the 
builders  and  their  engineers  should  profit  by  them. 
Judging  from  the  decrease  in  the  kinds  of  trouble  en- 
countered in  1921  and  1922  as  compared  with  1920.  they 
have  done  so. 

I  am  impressed  by  the  relative  drawbar  efficiencies  of 
tractors,  with  respect  to  tractor  weights.  Undoubtedly, 
many  of  the  tractors  that  made  the  best  relative  showing 
probably  can  attribute  a  good  share  of  it  to  a  wise  selec- 
tion of  drive-wheel  equipment.  The  preparation  of  the 
track  on  which  the  drawbar  testing  was  done  has  a  bear- 
ing on  the  efficiencies  recorded  during  the  tests,  and  the 
difference  in  tractor  ratings  when  machines  of  different 
companies  are  equipped  with  the  same  make  and  size  of 
engine  is  definite  proof  that  there  must  be  some  standard 


basis  of  tractor  rating;  it  is  not  logical  or  fair  to  the 
farmer  that  machines  which  are  driven  by  the  same 
make  and  size  of  engine  should  carry  different  ratings. 
The  difference  in  efficiency  due  to  transmission  design 
does  not  warrant  any  extravagant  claims  on  the  part  of 
any  builder  as  to  the  performance  of  his  machine.  Gear- 
driven  machines  versus  live-axle-driven  machines  should 
be  discussed,  as  well  as  Professor  Sjogren's  chart  show- 
ing the  relative  efficiencies  of  the  different  types  of  en- 
gine, particularly  the  common  L-head  type  as  compared 
with  other  types. 

H.  A.  Huebotter  : — Fig.  1  of  the  paper  shows  that,  on 
the  basis  of  the  proposed  horsepower  rating  of  80  per 
tent  of  the  maximum  power,  the  belt  rating  of  about  70 
per  cent  of  the  tractors  tested  must  be  reduced.  On  the 
other  hand,  the  drawbar  rating  of  only  30  per  cent  will 
have  to  be  lowered.  Three  things  may  have  some  effect 
on  the  drawbar  rating  in  proportion  to  the  belt-horse- 
power rating.  In  the  first  place,  the  builder  has  not  the 
opportunity  for  measuring  drawbar  horsepower  to  the 
same  degree  of  refinement  that  he  can  measure  engine 
power  in  a  laboratory.  Hence,  he  is  conservative  in  his 
drawbar-horsepower  rating  to  be  on  the  safe  side.  Sec- 
ondly, the  tractor  may  have  been  limbered-up  more  for 
the  Nebraska  tests  than  it  would  be  for  field  tests  around 
an  experimental  farm  or  at  the  factory.  The  third  point, 
which  affects  the  mechanical  efficiency  of  the  tractor 
from  the  engine  to  the  drawbar,  concerns  the  power 
losses  between  the  wheel  and  the  ground.  We  can  de- 
liver considerably  more  power  to  the  wheels  than  we  can 
get  at  the  drawbar.  The  difference  between  the  power 
at  the  wheels  and  that  at  the  drawbar  is  usually  known  as 
the  ground  loss.  It  may  consist  both  of  slippage  be- 
tween the  wheels  and  the  ground  and  of  the  power  re- 
quired to  move  the  tractor. 

What  is  Professor  Sjogren's  estimate  as  to  the  field 
conditions  of  soil  that  are  approximated  in  his  com- 
posite track  of  earth  and  cinders?  What  field  conditions 
would  require  the  same  power  to  run  the  tractor  idle  as 
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ndi- 
■  .11  load  as  would 


If  1  utui.  Ctly,  slip: 

ed  it  the  lugs  do  not  cut 

S 

•n  that   basis,   there  will   he   some 
•.he  ground  at  all.     It" 
.  round,  slippage  will  bi 

■  the  ground. 
■n  the  development  of  the  pi 
■.at  is  the  horsepower  in  tern 
minute? 
-That  was  brought  out  in  Fi 

tund  condition  in 
■  und  condition  of 
ally  an  il 
•  Id  conditions  vary  so  much.     Tiv. 
-.   time  and  again;  this  chews  it   u] 
■■  do  not  get  actual  field  condil 

nipt  to  unify  the  conditions  as 
e  use  of  drags,  harrows  and  pack- 
feel   it    is   necessary.      We   do   not    use 
r  harrows  in  all  at  all  times. 

•he  condition  of  the  track  with  re- 
store and  compactness.     Roughly  speaking, 
the  track  during  tl  night  be  rep- 

wed  field  with  the  surface   in  medium 
to  hardness  or  compactness  with  the  lower 
•■mpact. 
Mr.  Hi'EBOTTER: — Is  it  more  like  a  stubble  field  than 

Pj.  Sjogren  : — Yes. 

Scarratt:— We  can  all  appreciate  the  dif- 
ficulty of  maintaining  a  uniform  track,  because  nothing 
than  the  fields  that  tractors  work 
ich  to  moisture  content  as  to  anything  else. 
basis  of  rating,  that  would 
be  unreasonable  in  view  of  the  wide  variation 
n  the  piston  displacement  per  horsepower 
the  different  engines  that  have  been  tested. 
ms  almost  ridiculous  to  assume  any  pis- 
r  judging  the  horsepower 
•:  engine,  because  there  are  such  great  differences  in 
performance  of  engir 
YV.  a    criticism    pertaining    specifically    to    the 

-termining  drive-wheel  Blippage,  followed  in 
ogren  has  stated  that 
on  the  outside  diameter  of 
lug  equipment  attached.    With  that 
in  n  dd  attain  1<"  Ot  tractio 

•ration  of  the  wheel  equipment 
■  ow  up  ai  '  >in  amou 

r  not  h.  ■  k  should 

than  the  maximum  outside  diam- 


eter is  a  point  that  we  should  determine.  In  calculating 
the  traveling  speeds  of  tractors,  it  is  customary  for  most 
build.  insider   the   outside   diameter   at    the   drive- 

wheel  rim  as  being  the  diameter  to  use;  assuming  that 
the  lug  equipment  does  not  penetrate,  the  amount  of  grip 
is  obtained  in  that  way. 

Concerning    the    method    of    determining    slippage    by 
counting  the  revolutions  of  one  drive-wheel  without  i 
sideration  oi  the  revolutions  .if  the  opposite  drive-wheel. 
there  is  a  question  whether  that   is  a   proper  way  to  de- 
termine  the    distance    traveled    and    the   amount    of   slip- 

U.  !■'.  Vogt: — A  most  serious  error  in  testing  draw- 
bar horsepower  at  Lincoln,  Neb.,  was  made  by  tin-  official 
rs  in  counting  the  revolutions  of  only  one  tractor 
drive-wheel  to  judge  engine  speed  and  slippage.  In  all 
Nebraska  Official  Tractor  Tests  made  in  1920  and  1 
at  Lincoln,  the  revolutions  were  counted  on  one  drive- 
wheel  only,  thus  neglecting  the  action  of  the  differential 
in  the  tractor  which,  of  course,  makes  it  possible  for  one 
drive-wheel  to  slip  more  than  the  other  when  the  tractor 
is  pulling  a  heavy  load  on  the  more  or  less  hard  surface 
of  the  test  track.  The  engine  speed  was  calculated  from 
the  revolutions  of  one  drive-wheel  and  the  year  ratio  of 

A>  the  drive-wheel  on  which  the  revoluti 
were  counted  slipped  more  or  less  than  the  other,  this 
may  have  caused  the  calculated  engine  speed  to  vary  from 
the  actual  speed. 

Professor  Sjogren  : — In  the  present  method  of  con- 
ducting the  maximum  drawbar  test  the  time  and  slippage 
are  taken  between  stations  400  ft.  apart. 
The  time  is  taken  by  a  stop-watch  and  the  number  of 
revolutions  of  the  drive-wheels  is  secured  by  electric 
revolution  counters,  one  of  which  is  mounted  on  each 
drive-wheel.  An  electric  speed-counter  attached  to  the 
engine  and  with  its  indicator  mounted  in  the  testing  car 
is  used  for  observing  the  engine  speed.  The  governor  is 
set  to  allow  the  maximum  power  or  full  throttle  opening. 
The  load  is  adjusted  so  as  to  keep  the  speed  of  the  engine 
at  approximately  the  rated  figure.  This  enables  us  to 
ire  much  more  accurate  results  than  was  possible 
before  these  improvements  were  installed. 

Table  2  is  a  record  of  drive-wheel  revolutions  in  400  ft. 
as  taken  from  the  log  sheets  of  several  tests  run  after 
the  counters  were  installed. 

.Mr.  Vogt: — The  test  track  at  Lincoln  that  was  used 
for  the  Nebraska  Official  Tractor  Tests  was.  in  my 
opinion,  very  unsatisfactory  insofar  as  presenting  uni- 
form condition-  for  all  the  tractors  tested.  To  get  the 
greatest  satisfaction,  the  test  track  should  have  been 
plowed-up  after  each  test  run,  especially  after  testing 
very  heavy  tractors.  This  was  not  done  and  consequently 
e  liyht  and  some  medium-weight  tractors  showed 
age  than  did  others  of  the  Bame  weight  and 
wheel  equipn 
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Professor  Sjogren: — We  realize  better  than  anyone 
else  that  the  testing  track  is  not  anywhere  ideal  and  we 
do  not  want  it  ideal.  We  are  required  by  law  to  test  the 
tractor  under  actual  field  conditions  or  conditions  ap- 
proximating them,  and  while  the  track  used  is  not  the 
most  satisfactory,  a  special  sand  clay  track  would  be 
far  more  remote  from  actual  conditions  encountered  by 
the  farmer  in  the  operation  of  his  tractor. 

With  regard  to  slippage  of  the  drive-wheel,  whether  it 
is  taken  at  the  point  of  the  lug  or  at  the  rim.  our  last 
reports  give  the  percentage  at  both  the  point  of  the  lug 
and  at  its  base,  which  is  the  rim  of  the  wheel.  I  am  not 
positive  that  either  method  is  correct.  It  may  be  that 
the  point  of  penetration  should  be  the  point  at  which 
slippage  should  be  taken,  but  many  variables  enter.  I 
think  the  two  sets  of  figures  we  give  are  the  nearest  that 
can  be  obtained.  Mr.  Vogt's  criticism  did  not  refer  to 
the  method  of  determining  the  horsepower  or  its  value, 
but  pertained  to  the  method  of  securing  the  data  re- 
lating to  wheel  slip  and  the  engine  speed  in  the  maximum 
drawbar  tests,  which  are  merely  furnished  as  supple- 
mental information  to  the  reports. 

As  regards  the  counting  of  drive-wheel  revolutions  to 
determine  slippage,  we  can  now  count  the  revolutions  on 
both  drive-wheels  to  one-tenth  of  a  revolution.  We  have 
also  installed  equipment  that  enables  us  to  determine  the 
engine  speed  directly  during  the  run  without  reference 
to  the  revolutions  of  the  drive  wheel.  We  have  our  test 
machine  arranged  so  that,  by  electrical  apparatus,  the 
man  in  the  machine  can  count  the  revolutions  of  both 
drive-wheels  and  can  adjust  the  load  to  keep  the  engine 
speed  at  the  exact  rated  number  of  revolutions  per  min- 
ute. These  electrical  counters  indicate  that  the  number 
of  revolutions  of  each  of  the  two  drive-wheels  does  not 
vary  more  than  5  or  6  per  cent;  that  is,  the  slippage 
does  not  vary  more  than  this  amount.  The  records  were 
obtained  under  conditions  of  track  that  varied  from  very 
dry  and  loose  to  wet  and  are  an  indication  of  the  slip 
during  the  regular  and  maximum  drawbar  tests. 

The  high  tractor  efficiencies  shown  in  the  charts  are 
for  the  crawler  type.  We  have  some  high  efficiencies  for 
the  wheel  type  but  not  nearly  so  high  as  for  the  crawler 
type.  This  probably  is  not  due  so  much  to  the  equip- 
ment as  to  the  way  in  which  the  belt  power  is  taken  from 
the  engine. 

We  welcome  constructive  criticism  of  our  methods,  so 
that  we  can  improve  them.  We  had  nothing  to  guide  us 
in  building  equipment  or  in  devising  methods  of  pro- 
cedure during  the  first  two  years  of  testing.  We  take  ad- 
vantage of  every  breathing  spell  and  all  constructive 
criticism  to  help  us  to  improve  conditions  and  equipment. 

B.  S.  Pfeiffer: — In  the  charts  on  fuel  consumption, 
what  kind  of  fuel  was  used? 

Professor  Sjogren: — Both  kerosene  and  gasoline. 
The  lowest  figure  on  kerosene  was  0.63  and  the  highest, 
1.40  lb.  per  b.  hp-hr. ;  on  gasoline,  the  low  figure  was 
0.65  and  the  high  figure,  1.13  lb.  per  b.  hp-hr.  Very  few 
tests  are  in  the  high  class;  more  of  them  run  about  1  lb. 
per  b.  hp-hr. 

Mr.  Huebotter: — Professor  Sjogren  bas  an  unparal- 
leled opportunity  for  seeing  the  relation  between  the 
brake  horsepower  and  the  cubic  inches  of  piston  displace- 
ment per  minute.  The  big  variable  in  the  horsepower 
equations  is  the  mean-effective  pressure.  If  we  get  an 
average  value  of  the  brake  horsepower  from  this  series 
of  tests,  it  may  give  us  a  chance  to  establish  a  formula 
for  this  type  of  heavy-duty  engine  Does  Professor 
Sjogren  compute  the  mean-effective  pressure  in  his  test 
results? 


Professor  Sjogren: — No;  the  engines  are  not 
equipped  to  give  it.  I  have  made  an  attempt,  however, 
to  figure  the  rating  based  on  the  cubic  inches  of  piston 
displacement,  but  it  varies  so  that  there  is  no  basis  of 
comparison. 

Chairman  Scarratt: — How  did  Professor  Sjogren 
determine  the  brake  horsepower  of  the  engine  in  getting 
at  the  cubic  inches  of  displacement?  Is  it  based  on  the 
brake  horsepower  delivered  to  the  dynamometer  or  at  the 
crankshaft? 

Professor  Sjogren: — It  is  that  delivered  at  the 
dynamometer. 

Mr.  Trump: — Were  any  heavy  oils  and  fuels  tested, 
or  any  steam  tractors? 

Professor  Sjogren: — No,  if  by  heavy  oil  you  mean 
anything  heavier  than  kerosene. 

Mr.  Trump: — Is  your  equipment  such  that  you  can 
test  machines  that  burn  heavy  oil? 

Professor  Sjogren  : — Yes. 

Chairman  Scarratt: — From  the  wide  variation  in 
the  governor  regulation,  it  seems  almost  as  though  some 
of  these  engines  would  perform  better  if  they  were  not 
equipped  with  governors.  What  does  Professor  Sjogren 
think  a  governor  really  ought  to  do  in  the  way  of  speed 
regulation? 

Professor  Sjogren: — I  can  relate  what  has  been 
done.  An  engine  was  brought  there  that  had  a  speed 
regulation  of  less  than  1  per  cent  either  way  from  its 
rated  speed,  that  is,  above  or  below  its  specified  speed, 
but  that  is  so  nearly  ideal  that  we  cannot  hope  for  such 
perfection.  I  think  a  governor  should  maintain  the  en- 
gine speed  within  5  per  cent,  plus  or  minus,  of  the  rated 
number  of  revolutions  per  minute.  We  have  had  gov- 
ernors that  would  do  that  very  easily. 

Chairman  Scarratt: — What  is  the  extreme  varia- 
tion? 

Professor  Sjogren  : — It  is  about  50  per  cent. 

A.  H.  Bates  : — I  believe  that  tractor  builders  have  been 
thinking  more  about  the  rating  of  tractors  during  the 
last  year  than  they  did  formerly.  If  we  rate  a  tractor 
on  the  present  S.  A.  E.  Standards  basis,  that  is,  80  per 
cent  of  the  maximum  belt  power  delivered  for  2  hr.,  the 
rating  cannot  be  checked  easily  and  is  not  understood 
by  the  purchaser.  Many  builders,  as  shown  by  the  1923 
tests,  are  rating  their  machines  rather  close  to  the  maxi- 
mum load  that  the  machine  will  handle.  For  instance, 
one  builder  rates  his  engine  at  30  hp.,  whereas  its  maxi- 
mum output  is  only  a  trifle  more  than  32  hp. 

The  loads  on  the  tractors  with  which  I  am  familiar 
have  been  intermittent  and  testing  an  engine  at  the 
maximum  or  even  at  the  rated  power  for  a  10-hr.  period 
possibly  puts  a  load  on  the  engine  that  the  builder  did 
not  contemplate.  If  an  electric  motor  designed  for  a 
certain  temperature-rise  for  a  30-min.  load  is  put  through 
a  10-hr.  maximum  load  test,  it  will  burn  out.  That  is 
one  of  the  reasons  why  some  of  the  tractors  on  test 
showed  such  a  high  water-consumption.  Their  radiators 
were  designed  for  an  average  load,  and  the  full  load  was 
put  on  them  for  the  entire  period. 

Chairman  Scarratt: — I  do  not  know  whether  Pro- 
fessor Sjogren's  figures  refer  to  water  consumption  as 
injected  with  the  fuel  or  water  added  to  the  cooling  sys- 
tem; one  is  a  subject  relating  to  carburetion  and  the 
other  is  a  subject  that  relates  to  radiation.  Radiators 
ought  to  be  capable  of  cooling  the  engine  adequately 
under  a  sustained  maximum  load,  because  the  tractors 
must  operate  through  a  very  wide  range  of  temperature 
and  of  altitude  conditions,  and  both  have  a  very  pro- 
nounced effect  on  the  cooling  capacity. 
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The  purchaser  should  be  able  to  determine  the  rating 
for  himself.  The  rating  prescribed  should  be  one  that 
we  will  all  agree  to  use;  then  it  ought  to  be  possible  for 
engineers  to  see  that  the  sale-  departments  of  their  re- 
spective organizations  use  that  rating  and  are  not  p 
mitted  to  use  any  other.  The  success  of  automobile  com- 
panies is  due  largely  to  the  cooperation  of  engineers  and 
their  advice  as  to  what  should  be  produced  and  what 
should  be  established  as  standard.  The  industry  should 
establish  standards   on   practical   lines,   talk   the   farmer's 

i  that  he  i  an  understand  and  then  make 
tain  that  the  organizations  adhere  to  them.     Something 
that   is  clear  and  plain   in   the  office  should  not    be  east 
aside  by  the  salesmen  in  the  field;  that   is  too  confusing. 

Chairman  Scarratt:— 1  am  sure  that  all  of  the 
builders  are  aiming  to  produce  a  legitimate  tractor,  le- 
gitimately rated.  The  evidence  of  that  lies  in  Mr.  Sj 
ren's  statement  that  shows  the  decrease  in  the  numbei 
actors  that  failed  to  come  up  to  the  Nebraska  test- 
requirements. 

\V.  11.  WORTHINGTON:  Possibly  the  greatest  criterion 
of  what  the  life  of  a  tractor  will  be  is  the  thinning  of  the 
oil  by  use.  As  I  watched  the  tests  at  Lincoln,  I  was  very 
much  disappointed  at  the  poor  condition  of  the  lubricat- 
ing oil  at  the  end  of  so  short  a  period.  We  have  been 
working  on  an  engine  in  which,  after  1  month  and  24 
days  of  operation  at  road  building  on  kerosene,  a  severe 
test  because  of  the  variable  loads,  the  viscosity  of  the 
oil  was  reduced  8  Sayboll  Bee.  at  a  temperature  of  11a 
deg.  fahr.  The  oil  viscosity  was  originally  running  74 
Saybolt  sec.  Regarding  the  tractor  tests,  is  similar  in- 
formation available? 

Professor  Sjogren  :— No. 

Mr.  WORTHINGTON  :—  Have  you  reached  any  conclusions 
as  to  the  later  tractors? 

Professor  Sjogren  :• — No. 

MR.  WORTHINGTON: — The  indications  are  that  tem- 
perature control  is  gaining  an  important  place  in  tractor 
design,  the  use  of  stem  of  control  for  the  intake 

temperatures  that  will  do  away  with  a  drop  of  tempera- 
ture under  lesser  loads.  The  particular  engine  of  which 
I  spoke  had  an  idling  temperature,  the  lowest  recorded. 
of  210  deg.  fahr.  The  highest  idling  temperature  is  290 
deg.  fahr.;  the  lowest  full-load  working-temperature  ifl 
175  deg.  fahr.  To  overcome  those  conditions  will  solve 
the  one  great  problem  that  confronts  the  user  of  our 
product  toady;  we  can  see  the  mechanical  difficulties. 
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■  ii-  evolutions.    It  has  had  a  greater  stock  of  accumu- 
.  knowledge  upon  which  t<>  draw.   Hut  it  has  also  created 
rtant  problems,  many  of  which  are  yet  unsolved. 
For  example,  the  time  is  not  far  distant,  if  it  is  not  already 
when  thi  ■  <m<  ii  oui   crude-oil  supply  is  put  will 

be  restricted  to  those  for  which  it   alone  i      uited,  such  as 
lubrication.    I!  of  the  greatest  problems  of  the  in- 

to And  a     lib  titute  for  gasoline.    Internal-combus- 
tion engines  are  now  being  made  to  use  a  heavier  fuel  than 

before,  and  the  ing  developed.   Many 

are  being  made  on  I  '  other  fuels.   Alco- 

hol, if  free  from  water,  r-.,n  be  mixed  verjj  successfully  with 
ne  in  large  proportion  .   The  automotive  industry  faces 
many    problems    in    the    future,    but    its   evolution    will,    like 
the  others,  be  brought  about   a     the  automotive  engineer  and 
'dentist  worl   togethei    and   attack   increasingly  difficult 
problem-  with  the  more  and  more  efficient  tools  of  science. — 
From   the   inaugural   addri'ss  of  S.  W.  Stratton,  president  of 
tchusetts  Institute  of  Technology. 
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T1TIRE  wheels,  having  been  used  exclusively  on 
»  '  bicycles,  naturally  were  adopted  as  standard  by 
the  builders  of  the  early  types  of  automobile.  But  as 
the  automobile  soon  increased  greatly  in  weight  and  as 
its  builders  believed  that  the  best  results  could  be 
attained  by  wheels  of  large  diameter,  wh-e  wheels  were 
.  found  to  be  lacking  in  strength  and  were  discarded  in 
favor  of  wood  wheels  of  the  artillery  type,  which  at 
that  time  were  being  imported  from  France.  When, 
a  few  years  later,  wire  wheels  again  appeared  on  some 
of  the  English  models,  the  prejudice  against  them  still 
remained  and  it  was  not  until  about  1914  that  they 
began  to  find  favor  in  the  industry.  Drivers  of  racing 
cars,  however,  continued  to  use  wire  wheels  because 
they  obviated  the  flywheel  effect  and  lent  themselves 
to  quicker  braking  and  accelerating. 

Attention  first  was  given  to  increasing  the  strength 
of  the  spokes,  then  to  their  shape,  so  that,  whereas  the 
spokes  used  in  the  first  tests  could  withstand  only  about 
6000  shocks,  those  now  in  use  can  resist  upward  of 
1,500,000  shocks  before  breaking.  These  results  have 
been  obtained  from  the  25-deg.  taper,  bung-head  type. 
made  of  0.205-in.  wire,  swaged  by  gradually  reducing 
the  center  of  the  spoke  to  0.148  in.  in  diameter  and 
then  increasing  it  to  its  original  size  at  the  threaded 
end.  The  tests  that  the  spokes  must  undergo  are 
intended  to  duplicate  the  various  lateral  stresses  and 
impacts  received  in  service. 

The  sudden  demand  of  5  or  6  years  ago  caused  the 
double  or  two-spoke  lacing  and  other  discarded  and 
inferior  makes  to  be  marketed,  and  trouble  again  ap- 
peared, but  the  difficulty  has  been  obviated  by  the 
triple-spoke  wheels  now  in  use.  In  addition  to  greater 
strength  and  ability  to  resist  impacts,  the  advantages 
of  wire  wheels  are  said  to  include  quick  changeability 
and  greater  tire  mileage,  due  to  the  resilience  of  the 
wheels,  which  assists  in  absorbing  road  shocks,  and  to 
the  radiating  by  the  spokes  of  the  heat  generated  by 
the  friction  of  the  tires  on  the  road.  The  method  of 
driving  also  has  been  improved  by  the  use  of  a  corru- 
gated taper  drive  that  is  described. 

ALL  are  familiar  with  the  velocipede  and  the  by- 
/\  cycle,  and  most  of  us  can  remember  when  the 
A  A.  velocipede  was  made  entirely  of  wood,  except  the 
axles.  The  first  bicycle,  following  the  general  lines  of 
the  velocipede,  was  equipped  with  wood  wheels,  but 
manufacturers  soon  found  that  wood  wheels  were  not 
satisfactory  because  of  the  danger  of  breaking  and  the 
difficulty  of  making  a  wood  wheel  that  would  give  com- 
plete satisfaction  without  undue  weight.  This  type  of 
wheel  was  soon  discarded  and  all  bicycles  were  equipped 
with  metal  wheels,  in  which  the  rims  were  secured  to  the 
hubs  by  steel-wire  spokes.  The  wheels  were  almost 
universally  of  the  type  in  which  the  spokes  are  secured 
to  flanges  at  each  end  of  the  hub  and  terminate  at  ap- 
proximately the  center  of  the  rim.  The  fact  that  there 
has  been  no  change  in  this  feature  for  the  last  25  years 
is,  I  believe,  sufficient  evidence  that  such  wheels  are  the 
best  for  bicycles  that  can  be  found. 

The   first   automobile    builders    naturally   followed   bi- 
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cycle  practice  and  equipped  their  cars  with  wire  wrheels 
of  the  bicycle  type;  but  owing  to  the  fact  that  the  auto- 
mobile developed  quickly  into  a  large  heavy  vehicle,  and 
also  to  the  fact  that  automobile  companies  believed  that 
large-diameter  wheels  would  give  the  most  satisfaction, 
it  was  discovered  that  wire-spoke  bicycle  wheels  did  not 
have  sufficient  strength.  Attempts  were  made  to  bring 
out  a  wire-spoke  wheel  that  would  be  sufficiently  strong, 
but  the  manufacturers  could  conceive  of  no  other  way 
of  doing  so  than  by  increasing  the  number  of  spokes, 
which  were  arranged  as  in  the  bicycle  wheel,  or  more  or 
less  fantastically.  The  complexity  of  the  spoke  arrange- 
ment did  not  appeal  to  the  popular  fancy,  and  as  wood 
wheels  of  the  artillery  type  were  imported  from  France 
about  that  time,  wire  wheels  soon  dropped  into  disuse 
and  automobiles,  beginning  about  1903,  were  equipped 
with  wood  wheels,  the  only  exception  being  buckboaids. 
which  continued  to  be  made  for  1  or  2  years  after  that 
date.  Although  automobile  builders  found  that  large- 
diameter  wheels  were  not  suitable  for  motor  vehicles, 
they  still  retained  the  wood  wheel  rather  than  take  the 
chance  of  returning  to  the  old  bicycle  type.  So  far  as  I 
have  been  able  to  determine,  there  was  no  tendency  at 
that  time  to  use  disc  wheels. 

About  1910  or  1911  motor  vehicles  imported  from 
England  were  equipped  with  wire  wheels  that  had  all  the 
advantages  of  the  old  bicycle  type,  that  is,  lightness, 
resiliency  and  appearance,  without  its  disadvantages, 
but  owing  to  the  prejudice  against  wire  wheels  that  had 
been  created  in  the  minds  of  the  automobile  builders  and 
to  the  wheels  being  more  expensive  than  wood  wheels, 
the  wire  wheel  did  not  take  hold  of  the  automobile  in- 
dustry until  about  1914. 

However,  there  is  one  exception  to  that  statement; 
namely,  the  use  of  wire  wheels  on  racing  cars.  As  soon 
as  wire  wheels  of  sufficient  strength  were  produced, 
drivers  of  racing  cars  without  exception  adopted  them, 
because  they  obviated  what  is  popularly  known  as  the 
"flywheel"  effect,  due  to  the  disproportionate  weight  of 
the  wheel  at  the  rim.  The  wire-spoke  wheel,  by  avoiding 
this  difficulty,  lends  itself  to  quicker  braking  and  accel- 
erating. The  adoption  of  the  wheels  by  racing  drivers 
soon  led  automobile  builders  to  look  further  into  the 
matter  and,  since  about  1914,  the  use  of  wire  wheels  on 
motor  vehicles  has  increased  rapidly  in  spite  of  the  fact 
that,  even  though  great  attention  has  been  given  to  pro- 
duction methods  and  the  cost  of  manufacture,  it  has  been 
absolutely  impossible  for  wire  wheels  to  compete  with 
wood  wheels  on  an  even  basis,  the  wire-wheel  cost  being 
approximately  from  50  to  100  per  cent  more  than  that 
of  w'ood  wheels. 

During  this  time  automobile  companies  have  been  im- 
proving all  the  other  parts  of  their  cars  and  replacing 
wood  wherever  possible  with  steel,  with  the  exception  of 
a  single  firm  that  continues  to  use  a  wood  frame  to 
obtain  lightness.  The  increasing  use  of  steel  naturally 
has  led  many  companies  to  consider  that  wood  wheels, 
which  today  are  substantially  the  same  as  those  of  20 
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be  used.     To  meet  this  demand  and  to  avoid  the  expense 

of  wire   wheels,   there   has  I    tendency    to   employ 

wheels,  which  can  be  procured  at  approximately 

the  price  of  wood  wh> 

Spoke  Breakage 

The  chief  difficulty  in  the  use  of  wire  wheels  for  heavy 
during-  the  pioneer  days  was  the  breaking  of  the 
spokes  which  was  current  in  1917  and  rightly  caused 
many  complaints.  An  attempt,  therefore,  was  made  to 
provide  spokes  that  would  give  the  utmost  service  that 
could  be  expected  of  them.  After  several  years  of  ex- 
perimenting, testing  and  changing,  we  have  developed  a 
spoke  which  is,  we  believe,  the  strongest  that  can  be 
made.  The  chemical  composition,  particularly  the  car- 
bon-content of  the  spoke,  was  the  first  point  to  be  at- 

■n  found  by  physical  and  chemical  •■ 
that  the  composition  of  the  spoke  used  in  1917  was  not 
correct,  but  with  the  assistance  and  cooperation  of  spoke 
manufacturers,    a    spoke   of   surpassing    toughness    and 
ency   was  produced. 

-pokes  and  Table  1  re] 
chronological  development  up  to  the  present,  illus- 
pe  of  head,  body  of  spoke  and  the  like. 
In  carrying  out  the  t-  ing-machines 

so  tl  •  rmine  accurately  the   besi    design 

and  metallurgical  construction  of  spokes.     Fig.  2  shows 
. -machine  for  applying   radial   torque   intermit- 
•.   direction-.     We   found  the  most   efficient 
it  under  the  strait 
■    operating  the  car;   that 
'   with  when  the  clutch  is 
■hen    the    brake    is    applied.      This    we 
ng  the  v  that  the  rim  was  clamped 

rit.     The  hub  was  mounted  on 

ains 
■•  pped. 
wheel,  made  with 
'he  time,  would  not  wit  li- 
re beginning 
with    which 
wheel  could  hocks 

I-  ider, 

which  I  fair,  that  on  an  a 

subjected  to  per 

mile,  would  be  capable 
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Button-Bead  Noi  Swaged 

Itutton-ll.Mtl  0  156 
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I          n-Head  None             0.176 
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Head 

Bung-H  ■  long  I      0 

Bung-Head  i  long  i     "  l  (-> 
Bung-Head 


.  iving    service    for    100,000    miles    before   difficulty 
would   be  encountered. 

However,  this  was  not  believed  to  be  sufficient  and  we 
an  to  consider  changing  the  shape  of  the  spoke,  since 
we  found  that  the  tendency  was  for  the  spoke  to  snap 
at  the  head  end.  Up  to  that  time  we  had  been  using 
what  is  commonly  known  as  a  button-head  spoke,  in 
which,  as  is  shown  in  Fig.  1,  the  diameter  of  the  spoke 
decreases  quickly  from  the  head  to  the  body;  and  it  was 
at  this  point  that  most  of  the  breakage  occurred.  We 
then  developed  a  new  spoke  that  avoids  these  sharp 
changes  of  diameter  and,  in  the  tests,  wheels  equipped 
with  these  spokes  have  withstood  as  many  as  1,500,000 
shocks  before  the  breakage  started. 

Spoke  Design 

The  spoke  designated  in  Fig.  1  by  the  letter  A-  and 
from  which  we  obtained  such  excellent  results  in  our 
tests,  is  what  is  known  as  the  25-deg.  taper,  bung-head 


kins    fob    Applying    Rai>ia.l    Torql-k    Inteh- 
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type,  made  of  0.205-in.  wire,  swaged  by  gradually  re- 
ducing the  center  of  the  -poke  to  0.148  in.  in  diameter 
and  then  increasing  it  to  its  original  size  at  the  threaded 
end.  The  spoke  holes  in  the  hub  shell  are  countersunk 
to  conform  to  the  shape  of  the  25-deg.  taper  head  so  that, 
when  assembled,  a  perfect  taper  lit  is  obtained.  After 
the  spoke  has  been  put  under  the  necessary  ten-ion  at 
the  time  the  wheel  is  built,  the  head  remains  fixed  in 
position  relative  to  the  hub  Bhell  by  having  the  center  of 
the  spoke  swaged  to  a  minimum  diameter.  The  vibra- 
tion is  transferred  from  the  bead  toward  the  center  or 
blade  of  the  spoke,  which  bows  back  and  forth  under  the 
load.  Hence,  breakage  is  eliminated  by  transferring  the 
vibral  and  absorbing  them  into  the  blade  portion 

poke,  and   reversely,  to  the   rim,   therein-  preventing 
the  localizing  of  a   fatigue  point. 
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As  the  tests  were  intended  to  duplicate  the  conditions 
a  car  must  undergo,  we  anchored  the  hub  of  the  wheel, 
as  shown  in  Fig.  3,  in  a  side-deflection  testing-machine, 
applying  a  lateral  load  to  the  rim,  reproducing  as  nearly 
as  possible  the  strains  that  a  wheel  sustains  as  the  re- 
sult of  side  stresses  and  ascertaining  the  lateral  resiliency 
of  the  wheel.  A  further  test  is  to  mount  the  wheel  and 
subject  it  to  a  heavy  blow  at  the  rim  from  a  pendulum, 
as  shown  in  Fig.  4,  to  determine  its  action  when  skidding 
against  a  curb.  When  this  test  was  carried  to  the  break- 
ing-point it  showed  without  question  that  a  blow  which 
would  have  put  a  wood  wheel  completely  out  of  commis- 
sion will  not  destroy  a  wire  wheel.  This  test  is  perhaps 
the  closest  approximation  to  the  blow  the  w'heels  of  a 
car  would  receive  in  a  collision,  and  we  have  found  the 
results  of  the  tests  to  be  borne  out  by  actual  road  service. 

In  spite  of  their  excellent  performance  and  merit,  wire 
wheels  have  been  subjected  to  a  great  many  criticisms. 
In  many  instances  they  have  been  well  founded  and  are 
just.  The  manufacturers  themselves  have  been  partly 
responsible,  as  the  engineering  departments  did  not  de- 
velop wire  wheels  as  rapidly  as  motor-car  engineei's  de- 
veloped their  products. 

The  question  of  spokes  was  of  great  importance,  yet 
was  practically  neglected.  The  manufacturers  believed 
that  by  increasing  the  number  of  spokes  breakage  could 
be  prevented,  but  they  disregarded  the  most  important 
part,  that  is,  the  chemical  and  physical  analyses  of  the 
steel  used  for  making  the  spokes,  also  the  type  of  head 
to  be  used  and  the  amount  of  swage  reduction  necessary 
to  spread  the  vibration  over  a  wide  area  and  to  prevent 
fatigue  from  taking  place  at  any  one  point.  The  manu- 
facturing tolerances  were  too  liberal ;  closer  tolerances 
could  have  been  used,  but  it  was  easier  to  work  to  large 
ones  that  allowed  inspection  departments  to  pass  products 
that  today  would  be  considered  unsatisfactory.  The  sud- 
den demand  for  wire  wheels  in  1917,  1918  and  1919 
created  an  opportunity  for  inferior  makes  to  be  mar- 
keted, such  as  those  with  the  double  or  two-spoke  lacing, 
which  was  discarded  years  ago  and  which  had  not  been 
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4 — The   Pendulum   Testing-Machine  That   Determines  the 
Action  of  a  Wheel  When  Skidding  against  a  Curb 


Fig.     3 — The     Side-Deflection     Testing-Machine     Designed     To 

Reproduce    Vert    Nearly   the    Strains   To   Which    a    Wheel    Is 

Subjected  in  Service 


designed  to  take  care  of  the  side  stresses  and  strains  that 
necessarily  are  to  be  expected  in  the  wheels  of  heavy 
cars.  The  result  was  that  spokes  would  loosen-up,  squeak 
and  break. 

An  endeavor  was  made  to  market  a  two-spoke  wire 
wheel  demountable  at  the  rim  and  lacing  through  the 
metal  felloe  for  a  four-wheel  equipment,  but  that  type 
of  wheel,  owing  to  the  narrow  lacing  zone  of  the  felloe, 
did  not  give  sufficient  strength  and  satisfactory  results 
could  not  be  obtained  except  on  light-weight  cars.  Wire 
wheels  therefore  were  condemned  by  many  persons ;  but 
the  difficulty  has  been  overcome  by  the  triple-spoke  wire 
wheels  of  today. 

Wire  wheels  of  the  interchangeable  type  demountable 
at  the  hub  are  easier  to  remove,  as  all  hub-caps  are  re- 
movable by  unthreading  them  in  the  same  direction  as 
the  wheels  turn  when  the  car  is  going  forward,  irre- 
spective of  the  side  of  car,  whether  right  or  left.  To 
insure  the  self-tightening  effect  of  the  hub-cap  on  the 
inner  hub,  we  cut  right-hand  threads  on  hubs  for  the  left 
side  of  car  and  left-hand  threads  for  the  right  side.  Hubs 
in  the  pioneer  days  of  the  industry  were  not  properly 
identified  by  the  maker.  To  ascertain  the  direction  of 
rotation  of  a  gear  or  of  a  magneto,  it  is  customary  for 
the  observer  to  face  the  rotating  member  and  determine 
whether  it  rotates  clockwise  or  counter-clockwise.  Many 
believed,  consequently,  that  the  right  or  the  left  side  of 
the  car  was  determined  by  facing  the  radiator.  But  we 
have  always  considered  that  the  right  or  the  left  side 
of  the  car  should  be  determined  when  sitting  in  the 
driver's  seat.  We  find,  even  today,  that  the  average  car- 
owner  will  install  the  hub-caps  wrong;  that  is,  he  will 
put  those  intended  for  the  right  side  on  the  left,  and  vice- 
versa,  the  result  being  that  the  hub-cap,  owing  to  the 
outward  pressure  of  the  wheel  and  the  reversed  threads 
tends  to  loosen  and  the  wheels  may  come  off.  To  obviate 
this  possibility,  a  self-locking  latch  has  been  provided  to 
hold  the  hub-cap  in  place,  even  though  it  may  have  been 
installed  improperly. 

Triple-Spoke  System 

It  is  conceded  that  the  triple-spoke  wire  wheel  is  the 
strongest  for  its  weight,  this  having  been  proved  by 
extreme  tests  in  actual  service  and  having  been  exem- 
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near  Buffalo 

the   N- v.  entral  tracks  at  about 

automobile   equipped   with   w 

ain  traveling  at  the  rate  of  it' 

..  -out    150  yd.,  every   Bpoki 

ly  demolished.    About  2  weaks 

same  kind  occurred.   This 

.  ■  raveling  about  SO 

m.p.h.  and  the  automo  equipped  with  wire  wheels. 

is  i  •  re  than  the  first 

one  and  I  arried  much  farther,  it  was  found 

of  the  wheels   were   in  absolutely   perfect   con- 

:: ;  a  third  wheel  had  only  a   few  broken  spokes  and 

could   ha  I    without   difficulty;    and   even    the 

fourth   wheel,  which   received   the  direct   blow   from  the 

•  nt  considerably  out  of  shape,  had 

more  than  one-half  the  spokes  still  intact. 

:ing    feature    in    connection    with    their 

ke  wire-wheels  have  been   used 

exclusively    for    racing   purposes,    one   of   the   principal 

reasons,  other  than  the  advantage  due  to  quick  change. 

being  that  they  combine  strength  with  lightness  and  as- 
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5— a  positive  i»ckinrj  hub-cap  consisting  of  two 
ipal  Members 

sure    safety;    furthermore,   all   the   world's   records    for 
I    and    endurance    have    been    established    on    cars 
equipped  with  wire  wheels. 

Mileage,  Tire  CHANGES   and  Get-Away 

There  is  no  question  that  greater  tire  miliar 
tainable  from  a  wire-wheel-equipped  car,  on  account  of 
the   resilient  which   assists   the   tire   in 

odes;  the  metal  spokes  also  radiate  the 
heat  the  friction  of  the  tires  on  the   r< 

Tha"  ly  be  proved,  for  on  a  hot  day  after  mo 

r  more  mile-,  you  will  find  that  the  tin 
hardly  warmer  than  the  temperature  of  the  air,  wh( 
with  wood  v.-  are  Don-cond 

heat,  the  tir>  hot  they  cannot  bed;   and 

this  heat  certainl  •  trimental  effect  on  the  life  of 

ed  that  wire  wheels  effed 
a  saving  in  tires  of  from  25  to  40  per  1  • 

Quick  tire-char.,  important  1  ally,  this 

is  n<-< — arj   al  •;  most  inopportune  moment  and  may  in- 
terfere with  an  appointment  or  with  catching  a  train. 


The  ease  with  which  a  tire-change  is  made  is  one  oi  the 
outstanding  features  of  a  wire  wheel  demountable  at 
the  hub.  All  world's  records  in  this  respect  have  been 
made  with  wire  wheels.  At  the  Indianapolis  races,  on 
ration  Day,  r.cj'2.  Jimmy  Murphy  changed  all  four 

wheels   in   the   remarkable  time   i>f  12   mill.      Later   in   the 
as  a  precaution  against  tire  trouble,  he  changed  his 
right-side   wheels   in   8   sec.   establishing   a   world's 
record. 

It  is  conceded  that  a  car  equipped  with  wire  wheels 
.:  quicker  get-away  on  account  of  the  reduction  of 
peripheral  weight  of  the  wheels.  The  weight  of  a  wire 
wheel  is  at  the  hub,  not  at  the  rim.  which  makes  the 
amount  of  material  that  is  necessary  to  set  in  mot  ion 
..ml,  therefore,  makes  it  easier  to  start  and  stop  tic 
car. 

With  wire  wheels,  the  weight  of  the  car  is  hung  or 
suspended;  whereas,  with  wood  wheels,  it  rests  on  one 
or  two  spokes  that  are  in  direct  contact  with  the  ground. 
This  has  particular  significance  when  a  wheel  strikes 
against  a  curb,  as  one  or  two  spokes  may  be  broken  in 
a  wire  wheel  and  the  wheel  still  be  in  a  serviceable  con- 
dition, while  other  types  would  be  injured  beyond  the 
possibility  of  use  for  continuing  a  trip. 

Triple-spoke  lacing  forms  a  symmetrical  wheel  and 
comprises  three  distinct  sets  of  spokes,  the  first  extend- 
ing from  the  outer  end  of  the  hub  to  the  rim;  the  sec- 
ond, from  the  inner  end  of  the  hub  at  considerable  in- 
clination in  the  opposite  direction  to  the  first  set  and  to 
the  outer  half  of  the  rim  to  pull  the  rim  inward  and  to 
counterbalance  the  pull  of  the  first  set;  the  third,  from 
the  inner  end  of  the  hub  to  the  inner  half  of  the  rim  so 
as  to  make  the  wheel  rigid.  The  second  and  third  sets 
do  the  driving  and  the  braking,  while  the  first  set  re- 
sists lateral  strains  from  the  outside.  Any  tendency  of 
the  rim  to  tilt  in  any  direction  whatsoever  will  be  re- 
sisted by  certain  spokes  acting  longitudinally  in  the 
direction  of  their  greatest  strength. 

Driving  Parts 

The  earliest  types  of  wire  wheels  were  driven  by  six 
or  more  studs  mounted   in   a  hub   flange,   which  corre- 
sponded to  an  equal   number  of  holes  in  the  hub  shell 
and  allowed  the  demounting  of  the  wheel.     Several  de- 
signs of  hub  shell  were  made,  the  type  now  largely  in 
having  the  thickness   of   the   hub-shell   metal,    plus 
1  i,  pressed  up  when  punching  holes  for  drive  studs. 
An  improvement  in  the  method  of  driving  has   been 
brought  out  and  thoroughly  tested  and  is  now  in  use  in 
wheels  of  the  latest  type.     This  drive,  known  as  a  cor- 
rugated taper  drive,  consists  of  a  driving  flange  on  the 
bub  with   18  corrugations  on  a  20-deg.  taper.     Corre- 
ding  to  the  taper  on  the  hub  flange  is  a  taper  on 
the  hub-cap.     When  this  has  been  screwed  into  place,  it 
draws  the  wheel  up  on  the  driving  flange  and  seats  it 
on    the    corrugations,    thereby    wedging   the    wheel    be- 
1    the  two  tapered  surfaces  and  eliminating  the  pos- 
sibility  of   wear   when   the   hub-cap   is  seated   properly. 
The    drive    in    the    wheel    itself   consists   of    a  separate 
Igated   ring  fitting  similar  corrugations  on 
the    driving    member.      The    ring    is    a    steel    stamping 
ed  into  the  hub  shell,  which  is  crimped  or  pressed 
over  the  driving  ring  to  hold  it  in  place,  the  spokes  being 
laced  through  both  the  inner  driving-ring  and  the  outer 
hub-shell. 

it  is  interesting  to  note  that  the  corrugated  taper 
surfaces   on  the  hub  driving-flange  are  machined   to  a 

(Concluded  on  p.  233) 
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IN  this  paper  the  matter  of  locating  steering  drag- 
links  received  considerable  attention  and  this  ques- 
tion was  also  dwelt  upon  by  several  of  the  speakers 
participating  in  the  discussion  following  its  presentation. 
For  that  reason  the  following  contribution  by  A.  W. 
Werner,  chief  engineer,  Parker  Motor  Truck  Co.,  Mil- 
waukee, is  thought  to  be  of  value  to  engineers  who  wish 
to  approach  the  theoretically  perfect  location  of  the  drag- 
link.  Inasmuch  as  it  is  so  closely  related  to  Mr.  Chase's 
paper,  it  has  been  deemed  advisable  to  print  the  contribu- 
tion, which  appears  below  substantially  in  full,  as  a  con- 
tributed discussion  of  the  paper  rather  than  as  a  separate 
article.  A  brief  abstract  of  the  paper  precedes  the  dis- 
cussion together  with  a  reference  to  the  issue  of  The 
Journal  in  which  the  paper  and  the  discussion  following 
its  presentation  were  published  so  that  members  who  de- 
sire to  refer  to  the  complete  text  and  the  illustrations 
published  in  connection  therewith  can  do  so  with  a  mini- 
mum of  effort. 

ABSTRACT 

STATING  that  automotive  literature  presents  sur- 
prisingly little  helpful  information  concerning  the 
faults  of  the  steering-systems  used  on  automotive 
vehicles  and  that,  in  spite  of  the  fact  that  so  many  of 
the  faults  are  self-evident,  they  frequently  are  over- 
looked in  actual  practice,  the  author  includes  with  the 
presentation  of  his  own  investigations  summaries  of  the 
views  expressed  by  numerous  well  qualified  automotive 
engineers  and  discusses  these  steering-gear  faults  in 
some  detail. 

Beginning  with  the  subject  of  safety,  consideration  is 
given  successively  to  the  causes  of  hard  steering,  the 
angular  position  of  knuckle-pivots,  knuckle-pivot  loca- 
tion, the  foregather  or  toe-in  of  wheels,  castering  or 
trailing  effect,  wheel-wabble,  drag-link  location,  irre- 
versibility, steering-gear  type  comparisons,  tie-rods  and 
tie-rod  arms.  Numerous  drawings  illustrative  of  pres- 
ent-day practice  are  presented  and  commented  upon, 
reference  being  made  also  to  other  articles,  printed  pre- 
viously, that  are  pertinent. —  [Published  in  the  April, 
1923,  issue  of  The  Journal.] 

THE  DISCUSSION 

A.  W.  Werner: — In  introducing  a  new  method  of  lay- 
out we  shall  consider  the  location  of  the  drag-link,  since 
this  member  is  the  point  of  interest  and  if  incorrectly 
placed  will  cause  as  much  trouble  as  any  other  item  in  the 
entire  system.  Contrary  to  the  universally  accepted  rule 
that  the  position  of  the  drag-link  should  be  such  that 
its  center  line  will  intersect  the  center  of  the  front  spring 
eye,  it  is  a  scientific  fact  that  the  location  of  the  drag- 
link  depends  entirely  upon  the  characteristics  of  the 
front-spring  design. 

Before  making  a  new  layout  the  position  of  the  steer- 
ing-gear must  be  assumed  and  the  design  of  the  front 

1  M.S.A.E. — Engineering  editor.  Automotive  Industries,  New  York 
City. 


spring  must  also  be  complete.  Next  consider  the  caster 
of  the  front  axle.  This  should  be  made  so  that  the  angle 
from  the  vertical  is  the  same  as  the  angle  of  the  spindle 
from  the  horizontal.  On  the  majority  of  axles  this 
amounts  to  from  134  to  2  deg.  In  the  layout  the  spring 
is  always  shown  in  the  loaded  position. 

The  next  step  is  to  analyze  the  characteristics  of  the 
front  spring  to  determine  the  exact  location  of  the  cen- 
ter of  the  ball  of  the  steering-arm  ball-stud  attached  to 
the  axle  under  various  positions  of  the  spring.  First, 
it  is  necessary  to  determine  length  I,  Fig.  34,  when  the 
spring  is  in  its  normal  rated  load  position.  This  length 
is  found  by  the  following  formula: 

1/2L=  V[(l/2c)2+  (4/3/0;]  (1) 

where 

c  =  Rated  chord  length 

h  =  Height  from  center  of  the  eyes  to  the  top  of  the 

spring 
L  =  Length  from  center  to  center  of  the  eyes  on  the  arc 


Fig.   34 — Diagram  Illustrating  the  Method  of  Determining  the 
Approximate  Developed  Length  of  the  Front  Spring 

From  this  we  can  proceed  to  lay  out  different  positions 
of  the  spring,  preferably  five,  two  above  and  two  below 
the  normal  position,  by  finding  the  length  c  for  a  pre- 
determined height  h.  The  two  positions  above  and  two 
below  the  normal  position  are  best  considered  in  steps 
1  1-8  in.  apart. 

To  find  the  length  of  c  for  any  selected  height  h,  we 
solve  the  equation 

l/2c  =  V[(1/2LJ—  (4/3fc):]  (2) 

Laying  out  these  lengths  indicating  point  o,  together 
with  their  respective  heights,  in  their  natural  shackled 
positions,  it  will  be  seen  that  they  follow  very  closely 
a  true  curve,  the  radius  of  which  is  determined  by  equa- 
tion (3) 

R=  [(l/2c)!  +  fcr]  2/i;  (3) 

where 

c  —  Chord  length 

/i,  =  Height  from  chord  line  to  top  of  the  arc 

These  positions  should  appear  as  shown  in  Fig.  35. 

Intersecting  points  d-e  with  the  radius  at  the  point  a 
results  in  determining  the  exact  fulcrum-point  o  of  the 
spring.  Knowing  this  position,  it  is  necessary  to  con- 
sider only  the  distance  relation  x  of  the  center  of  the 
ball  on  the  steering-arm  ball-stud  and  point  o  on  the 
spring,  and  move  the  point  /  to  point  q  a  like  distance  so 
that  it  will  represent  the  true  fulcrum-point  of  the  ball- 
stud  center  as  shown  in  Fig.  36.    With  the  spring  in  its 


205 


\         XIII 


ptember,  1923 


No.  I 


THE  JOl  RNAL  OF  Till    SO(  11  TV  OF  AUTOMOTD  E  ENGINEERS 

It  might  be  said  that  in  a  design  employing  the  Hotch- 
kiss  drive  this  system  is  almost  indispensable,  in  that  we 
are  able  to  determine  the  exact  fulcrum-point  of  the  axle, 
also  of  the  eyes  of  the  brake  pull-rod  levers.  To  be  able 
to  obtain  brake  connections  that  do  not  have  a  tendency 
to  loosen  or  tighten  the  brakes  when  the  axle  change 
position   means    that    we   ate   assured   of   a   constant    and 

reliable  braking  system. 

Similar  to  the  consideration  given  to  the  drag-link, 
it  is  necessary  first  to  lay  out  several  different  posii 
of  the  spring  above  and  below  its  normal  position. 
preferably  three  of  each  in  the  ease  of  the  rear  spring, 
by  the  use  of  formulas  I  1  i  and  (2).  After  plotting  the 
point  ".  which  represents  a  point  on  the  top  surface  k( 
the  spring  at   its  center  line,  we  can  again  use  formula 


MATH  THE 

- 

.   center   line   from   the   poiif    o, 
.ill-stud  center  and  let  it  intersect  the  center 
arm  center-line  at 
This  concludes  the  amount  of  work  necessary  to   de- 
ine  the  correct  position  of  the  drag-link  in  the  lay- 
out i  ering  system.     The  length  of  the  steering- 
tie  made  in  accordance  with  the  designer's 
:h  relation  to  gear-ratio,  and  the  like,  but  the 
ball-stud  center  must  be  at  point  y  to  secure  the  desired 

an  be  clearly  seen  that  with  such  a  method  of  lay- 
out the  arcs  of  the  front  axle  and  of  the  drag-link  are 
tangent  at  the  point  where  the  position  is  most  frequent 
and  •  deviation  from  this  point,  regardless  of  di- 

y  slight.     In  all  cases  the  distance  traveled 
e  point  in  question  results  in  a  very  slight  tendency 
to  lengthen  the  centers  of  the  drag-link,  which  is  allow- 
able, since  the  position  of  the  springs  back  of  the  sockets 
.  >le  to  this  condition. 
The  condition   is   improved  somewhat   by   an   increase 
of  the  distance  between  the  centers  of  the  link.    A  longer 
link  will  remain  tangent  to  the  axle  arc  over  a  greater 
■ice  than  will  a  short  one.     It  is  also  apparent  that 
no  "push"  or  shortening  of  the  drag-link  centers   that 
would  tend  to  deliver  a  shock  to  the  steering-gear  be- 
•   of  the  lack  of  springiness  of  the  link  in  this  direc- 
tion is  introduced. 

It  would  certainly  be  amiss  if  we  should  overlook  at 

point  the  usefulness  of  the  method  described  herein 

replied  to  the  brake  connections.    The  entire  method, 

including  the  consideration  of  the  characteristics  of  the 

rear  spring  design,  is  applicable  to  the  brake  connections 

that  are  attached  directly  to  the  rear  axle  of  a  vehicle. 


i  pino  the  End  of  tub  Stbi  i  Arm 

To  Minimize   Whekl-Wabbui 

I  for  obtaining  the  fulcrum-point.  The  distance  rela- 
tion between  point  o  and  the  eye  of  the  brake  lever  should 
then  be  laid  out  with  the  same  distance  relation  from  the 
fulcrum-point.  This,  then,  represents  the  true  point  of 
the  radius  of  the  eye  of  the  brake  lever  and  the  distance 
between  the  eye  and  the  fulcrum-point  automatically 
represents  the  length  of  the  brake  pull-rod. 

It  will  be  noticed  that  in  a  layout  of  this  kind  the  pull- 
rod  is  very  much  shorter  than  is  usual  in  vehicles  em- 
ploying the  Hotchkiss  drive.  Nevertheless  the  layout 
is  absolutely  correct  and  if  put  to  a  test  will  be  found  to 
work  perfectly.  It  has  been  my  experience  that  with 
this  system  of  brake  layout  it  is  unnecessary  to  employ 
equalizers.  This  is  due  to  the  fact  that  regardless  of 
whether  one  wheel  is  raised  or  lowered  the  fulcrum-point 
of  the  brake  connections  will  remain  fixed,  and  since  there 
is  no  motion  at  this  point  there  will  be  no  necessity  for 
providing  flexibility. 


TO  INCREASE  SAFETY  OF  HIGHWAY  TRAFFIC 

y/  the  high  f  national  concern. 


■  K  this  last  year  14,000  lives  have  been  sacrificed  in 

ered  in  the  United 

motor    vehicles.     This    year's    increase    to 

ver    is   estimated    by    manufacturers    at    3,000,fX»0. 

lies   in   the  congestion  of  90  per  cent  of 

these  vehicles  upon  10  ;  at  our  roads.     This  risk  we 

muit  That  it  is  at  the  present  time  fraught  with 

an  a;  .»«  of  human  life  is  evidenced   by  the  casual- 

•  hick-  accidents,  a   loss   yearly  which 

..   all  other  mean-  of  transportation  com- 

•stion  occur  under 
five  ■  nirh  road  builders  may  help  to  elimi- 

•  '.th  horizontal  and  ver- 
tical,  which  i.c-rrnit    precaution 
man's  re-  ick  of 
lent*   at   inter- 
and  railroad  crossings 
-,t  width  of   pavement,  especially   in 

which    increases   the   number   of 


cars  that  turn  over  on  soft  shoulders  and  roll 
down  unprotected  -lopes.  Narrow  or  single-track 
bridges  are  a  constant  menace.  In  the  design  of 
ids  10  ft.  should  be  allowed  as  a  minimum  width 
for  each  single  line  of  traffic  each  way  and  9  ft. 
more    for   each   additional   line  each  way 

1 3 1  The  inadc  i  nil  impropi  ng  of 
danger  signs  that  encourages  a  general  careless- 
nee                        im] Judged   by   the  number  of 

ace  their  vicinity,  they  are  a  spur  to  the 

recklessness    of    the    joy-rider    and    a    consequent 
risk  to  his  sober  brethren 

M)  The  tendency  • » t"  detours  under  traffic  to  become 
aln,  ile.    On  heavy-traveled  routes  traf- 

fic going  in  different   direction       hould  be  routed 
over    different    detours,    or,    if   detours    are    inad- 
visable  on    account    of   dangerous   or   impaa 
conditions,  the  road  should  be  built  horizontally 
a  half  at  a  time 

(I)  Railroad  grade  crossings.— Extract  from  a  com- 
mittee report  to  National  Highway  Traffic  Asso- 
ciation 
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Comparative  Merits  of  Steel  Disc  and 
Wood  Wheels  for  Automobiles 


By  J.  W.  White1 


Buffalo  Section  Paper 


Illustrated  with  Drawings 


DISC  wheels  are  the  answer  to  a  demand  for  some- 
thing better  at  a  more  reasonable  price.  The  art 
of  making  wood  wheels  has  been  established,  the  ma- 
chinery has  become  standardized  and  further  reduction 
in  cost  is  improbable ;  whereas,  the  cost  of  suitable  wood 
is  steadily  advancing  and  the  trend,  consequently,  is 
upward.  When  the  wire  wheel  was  first  introduced  its 
use  was  a  mark  of  distinction  and  to  it  can  be  traced 
the  origin  of  the  sport  model,  but  its  price  cannot  be 
reduced  and  it  cannot  compete,  therefore,  with  the  disc 
wheel  on  a  price  basis.  The  development  of  the  disc 
wheel  brought  an  equal  distinctiveness  of  design  and 
of  pleasing  appearance,  but  its  progress  has  been  dif- 
ferent. The  initial  expenditure  involved  in  the  produc- 
tion of  disc  wheels  is  large;  but  the  output  also  is 
large,  and,  as  the  volume  increases,  the  prices  become 
lower.  The  difference  in  the  cost  of  painting  is  another 
item  in  favor  of  the  disc  wheel  over  both  its  com- 
petitors, even  when  the  same  number  of  coats  are 
applied,  but  if  high-bake  enamel  is  used  a  surprising 
saving  can  be  effected. 

Two  objections  at  first  arose  because  of  its  demount- 
able features:  the  first,  because  special  carriers  were 
required  when  the  demountable-at-hub  type  was  used; 
the  second,  because  the  demountable-at-rim  type  made 
it  necessary  to  get  under  the  car  to  adjust  the  brakes. 
Local  conditions  produce  differences  of  opinion,  wood 
and  wire  wheels  being  preferred  in  certain  sections 
during  wet  periods  because  of  the  greater  facility  of 
handling  the  wheels  by  taking  hold  of  the  spokes.  One 
of  the  most  serious  objections  has  been  .due  to  the 
trouble  experienced  in  inflating  the  tires.  Efforts  to 
conform  to  the  standards  of  other  wheels  brought  com- 
plications in  the  use  of  the  valves,  so  that  it  has  become 
evident  that,  to  secure  the  best  results,  steel  wheels 
must  be  built  around  standards  of  their  own. 

It  is  possible  to  design  a  disc  wheel  with  a  lateral 
resiliency  greater  than  that  of  any  other  type.  This 
is  particularly  noticeable  in  turning  corners,  as  it  af- 
fords material  relief  to  the  tires.  The  tapering  of  the 
disc  wheel  toward  the  rim  causes  it  to  take  a  deflection 
readily  at  the  rim  but  resists  it  in  an  increasing  ratio 
as  the  deflection  increases;  it  thus  withstands  impacts 
such  as  those  against  a  curb  that  would  cause  a  wood 
wheel  to  crack.  Much  must  yet  be  done  with  the  design 
to  bring  disc  wheels  into  common  usage,  the  features 
that  require  special  study  from  a  technical  standpoint 
being  strength,  resiliency,  fatigue,  weight,  noise  and 
appearance.  An  advantage  in  weight  formerly  lay  in 
favor  of  the  wood  wheel  but  this  condition  no  longer 
exists,  the  disc  wheel  weighing  slightly  less  in  the 
32  x  4  in.  and  the  larger  sizes.  The  difference  in  the 
energy  consumed  in  accelerating  the  wood  and  the  disc 
wheels  has  been  found  to  be  less  than  0.01  per  cent, 
which  is  less  than  the  loss  of  energy  due  to  windage  in 
accelerating  a  non-skid  tire  as  compared  with  that  of 
a  smooth  tire  under  the  same  conditions.  '  Reverse 
curves  and  crimps  in  the  disc  not  only  increase  the 
rigidity  but  tend  to  restrict  the  amplification  of  sound 
vibrations.     The  difficulties  attendant  upon  the  seeur- 


1  M.S.A.E — Chief  engineer,   disc  wheel  division.  Wire  Wheel  Cor- 
poration of  America.  Buffalo. 


ing  of  steel  of  sufficient  and  uniform  hardness  seem  to 
have  found  solutions  in  the  heat-treating  of  the  metal 
before  or  after  drawing,  or  in  the  using  of  carbon- 
steel  drawn  hot  and  hardened  in  a  die  afterward.  Both 
involve  manufacturing  difficulties  but  give  a  uniform 
product,  and  increased  strength  and  a  reduced  weight. 

VERY  few  developments  in  the  commercial  world 
are  a  direct  advancement.  In  most  cases,  progress 
is  traceable  to  a  demand  from  the  user  for  some- 
thing better  or  for  a  more  reasonable  price  and  therefore, 
in  general,  the  development  or  improvement  of  any  article 
is  the  manufacturer's  answer  to  the  demand.  The  auto- 
motive wheel  industry  of  today  offers  an  excellent  exam- 
ple of  this  truism,  particularly  with  regard  to  disc  wheels. 
The  wood  wheel  needs  no  apology  for  its  service  past  or 
present.  In  hot  dry  climates  it  is  at  a  disadvantage  when 
compared  with  metal  wheels,  but  far  and  wide  its  opera- 
tion has  been  satisfactory,  while  economically  its  position 
in  the  past  has  been  secure.  When  the  wire  wheel  was 
first  introduced,  its  use  was  a  mark  of  distinction  on  cars 
of  the  higher  class  and  a  period  of  natural  competition 
between  it  and  the  wood  wheel  prevailed.  Each  is  now 
conceded  to  have  a  field  of  application  in  which  its  use  is 
desirable. 

The  development  of  the  disc  wheel  brought  out  an 
equally  distinctive  design  of  pleasing  appearance,  but  the 
effect  was  entirely  different.  The  price  of  disc  wheels  in 
the  early  stages  was  as  high  as  that  of  wire  wheels  and 
their  general  use  was  therefore  limited.  To  these  two 
types  of  the  metal  wheel,  and  to  the  wire  wheel  in  par- 
ticular, can  be  traced  the  origin  of  the  sport  model,  the 
finish  and  appearance  of  an  automobile  wheel  being  one 
of  the  featured  points  in  the  construction  of  the  car  that 
attracts  the  public  by  its  racy  lines  and  pleasing  colors. 
It  is  generally  known  that  one  of  the  most  important  ele- 
ments in  the  cost  of  a  manufactured  article  is  labor. 
Little  argument  is  necessary  to  convince  the  casual  ob- 
server that  the  wire  wheel  has  a  relatively  high  direct 
labor  cost  in  comparison  with  that  of  the  wood  wheel,  and 
that  the  disc  wheel  by  the  same  comparison  costs  much 
less,  especially  the  single-disc  type. 

The  equipment  of  presses  and  tools  involved  in  the 
manufacture  of  disc  wheels  necessitates  a  large  initial 
expenditure.  Once  this  investment  has  been  made,  how- 
ever, the  output  of  a  plant  manufacturing  disc  wheels  is 
greater  for  the  same  investment  than  one  manufacturing 
wheels  of  any  other  type.  A  metal-stamping  plant  must 
have  quantity  production  to  compete  in  price  but,  when 
volume  has  been  secured,  the  parts  can  be  produced  with 
a  minimum  of  direct  labor  cost.  A  few  companies  have 
been  able  to  secure  a  fairly  satisfactory  volume  of  disc- 
wheel business  in  the  last  year,  and  this  has  been  im- 
mediately reflected  in  the  lower  prices  of  disc  wheels ; 
consequently,  the  demand  has  grown  rapidly,  and  at  pres- 
ent the  disc  wheel  appears  to  be  in  popular  favor. 
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fills  a  definite  place 

.  .•  -::on  is:  How  far  will  the  metal 
In  this  comparison  we  are  con- 
1:  ::  becomes  widely  used,  it 
r  which  it  was  first  favored, 
re  wheel  still  retains.     Bj  if  its 

.  compete  with  the  wood  wheel, 
;  rice  of  the  wire  wheel  can  not  be  reduced 
•  dered.    This  condition  already  pre- 
:>e,  because  suitable  wood  is  very  expensive 
and  unobtainable;  hence,  the  metal  wheel  is  now- 

predominating  type. 
In  .  :'.  be  considered  that  the  art  of  making 

..idished,  that  machinery  has  be- 
...•ldardized  and  that  any  great  reduction  in  cost 
from  a  manufacturing  standpoint  is  improbable.    On  the 
r  hand,  the  cost  of  suitable  wood  for  fabrication  is 
gradually  advancing;  in  fact,  within  the  last  few   years 
wood  felloe  has  been  superseded  by  the  steel  felloe 
mainly  because  of  the  scarcity  of  wood  stock.    From  the 
foregoing,  it  is  evident  that  the  trend  of  cost  is  down- 
I  for  the  disc  wheel  and  upward  for  the  wood  wheel. 
The  cost  of  painting  is  another  item  that  handicaps  the 
wood  wheel  from  a  manufacturing  standpoint.     Sanding 
and  rubbing  between  coats  must  necessarily  be  done  by 
hand,  whereas  high-bake  enamel,  which  is  more  durable 
than  paint,  can  be  applied  to  the  steel  disc  wheel  at  a  cost 
that  is  a  surprising  saving.    Even  when  the  steel  wheel 
and  the  wood  wheel  are  given  the  same  number  of  coats 
of  paint,  the  operation  is  much  faster  on  the  smooth  steel 
surface  than  on  wooden  spokes. 

Five  or  Four-Wheel  Sets? 

A  very  interesting  problem  is  introduced  with  the  disc 
wheel ;  that  is,  whether  a  five  or  a  four-wheel  set  will  be 
preferred  generally.  The  wire  wheel  is  naturally  a  five- 
wheel  type,  because  a  steel  shell  is  essential  in  the  fabri- 
cation of  the  wheel  at  the  hub.  This  has  developed  the 
single  nut  and  quick-detachable  feature,  because  this  was 
the  only  sure  way  of  mounting  the  shell  on  the  hub  so 
that  backlash  would  be  avoided  and  the  freezing  of  the 
shell  to  the  hub  would  be  prevented.  Four-wheel  equip- 
ment has  been  standard  with  the  wood-wheel  industry 
mainly  because  it  is  necessary  to  assemble  the  wooden 
spokes  with  the  hub  in  place,  to  prevent  movement  and 
to  retain  the  banding  pressure  incident  to  their  manu- 
facture. The  disc  wheel  is  favored  because  it  can  be  made 
either  way. 

The  first  sets  naturally  were  demountable  at  the  hub, 
to  invite  comparison  with  the  wire  wheel,  and  also  be- 
cause the  unsprung  weight  was  less  than  with  four-wheel 
-c  wheels  came  into  more  general  pro- 
duction, five-wheel  equipment,  demountable  at  the  hub, 
••  objection  from  automobile  manufacturers, 
pecial   carriers    were   required.     Wood   wheels 
the  rule  and  steel  wheels  the  exception.    Confusion 
resulted  on  tr  'ling  track  because  of  the  necessity 

^f   carrier.     The   natural 

thing,  therefore,  ■  that  would  take  the 

:- wheel  rim  and  hub  and  allow  the  use  of  the  same 

and  carrier,  thereby  making  the  lea  le  change 

in  the  routine  of  factory  production.     It  appears,  how- 

that  the  quick-change  feature  of  the  demountable- 

at-h  .  demand  and  on  the  increase.     Another 

which  I  ime  evident  on  disc  wheels  that 

are  <  m  only,  is  that  it  is  necessary 

•he  car  to  adjust  the  brakes;  whereas,  with 

can  be  made  from  tta< 


oi  tlu-  car.  This  baa  made  it  advisable  for  all  steel  wheels 
to  be  demountable  at  the  hub.  even  though  they  are  de- 
mountable at  the  rim  as  well,  and  this  feature  is  becoming 
standard. 

It  would  seem  that  the  disc  wheel  of  the  future  should 
be  demountable  at  both  the  rim  and  the  hub;  at  the  rim, 

inform  with  wood-wheel  carriers,  which  are  les>  ex- 
pensive, and  at  the  hub  to  allow  brake  adjustment  and 
quick  change.  Engineers  are  about  equally  divided  in 
their  opinions  as  to  the  use  of  four  or  live-wheel  equip- 
ment, and  it  is  logical  to  believe  that  the  general  public 
has  similar  differences  of  opinion.  It  also  has  developed 
that  certain  localities  favor  one  type  or  the  other  because 
of  existing  conditions.     For  instance,  in  wet  weather,  in 

ities  where  adobe  soil  is  prevalent,  the  change  of  the 
rim  is  preferable  to  that  of  the  disc  because  the  disc  wheel 
cannot  be  handled  by  the  spokes  as  can  the  wire  or  wood 
wheel.  On  the  other  hand,  the  demountable-at-hub  type 
is  easier  to  change  mechanically,  especially  if  it  is  used 
with  a  single  nut  as  is  the  wire  wheel.  Disc  wheels  can 
now  be  made  doubly  demountable  and  as  light  as  the  five- 
wheel  type;  and  this  allows  the  manufacturer  to  supply 
four,  five  or  six-wheel  equipment,  as  may  be  preferred  by 
the  customer. 

Disc-Wheel-Tire  Inflation 

One  of  the  most  serious  objections  has  been  the  trouble 
experienced  in  inflating  the  tire.  Up  to  2  years  ago,  it 
was  general  practice  to  use  a  standard  air-valve  that 
passed  to  the  rear  of  the  disc,  making  it  necessary  to  get 
behind  the  wheel  to  inflate  it.  This  was  awkward,  un- 
satisfactory and  troublesome;  consequently,  the  owner  let 
the  tires  become  soft  before  paying  attention  to  them  and 
damage  to  the  tire  carcass  and  the  cutting  down  of  the 
life  of  the  tire  were  the  results.  This  caused  all  kinds  of 
complications,  on  account  of  the  complaints  of  users  to  the 
service  branches  of  the  tire  companies  regarding  tire 
mileage,  and  resulted  in  a  demand  that  the  tire  be  in- 
flated from  the  face  of  the  disc.  The  angle-valve  was  the 
answer,  and  it  has  been  used  rather  extensively  for  this 
purpose  with  some  success.  The  chief  objection  to  the 
angle-valve,  however,  is  in  the  service.  All  sorts  of  angle- 
valves  have  been  placed  on  the  market.  Patent  exten- 
,  rubber  tubes  and  the  like,  have  been  supplied  in  an 
effort  to  overcome  the  objections,  but  the  problem  still 
exists.  The  stock  carried  by  the  tire  companies  at  their 
branches  and  service-stations  is  equipped  with  standard 
valves.  As  different  types  of  disc  wheel  have  been  adopted 
by  various  automobile  companies,  they  have  requested 
that  the  tire  manufacturers  furnish  tires  with  the  type 
of  valve  necessary  for  the  type  of  disc  in  use  by  them,  as 
shown  in  Fig.  1,  and  that  the  tire  companies  stock  the 
various  branches  with  tubes  equipr>ed  with  valves  for 
•  types.  In  a  short  time  the  tire  companies  were 
swamped  with  requests  of  this  nature,  and  it  became  im- 
possible from  a  financial  standpoint  for  them  to  carry  the 
burden  of  the  increased  inventory.  As  the  car  owner 
wears  out  his  tires,  he  naturally  buys  new  ones  wherever 
he  can,  and  takes  the  valve  that  comes  with  it.  A  number 
of  wheel  manufacturers  have  sought  to  overcome  this 
objection  by  designing  wheels  that  could  use  the  standard 
straight  valve  now  used  with  wood  wheels.  At  first, 
it  was  thought  impossible  to  do  this  without  sacrificing 
strength  and  appearance,  but  good  results  are  now  being 
accomplished. 

Disc  and  Wood-Wheel  Comparisons 

It  will  appear  from  the  foregoing  that,  up  to  the  pres- 
ent,  the  development  of  steel  disc  wheels  has  followed  the 
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Fig.  1 — Ttpes  of  Disc  Wheel  anh   the  Valves  Used  with  Them 

path  of  least  resistance  and  that  available  standard  parts 
have  been  used  so  far  as  possible.  Upon  careful  analysis, 
it  also  appears  that  this  has  been  responsible  for  most 
of  the  objections  that  have  been  directed  against  disc 
wheels.  As  their  use  increases,  and  more  attention  is 
paid  to  the  fine  points  of  their  design,  it  is  becoming 
more  evident  that  to  secure  the  best  appearance,  lightest 
weight,  lowest  cost  and  best  operation,  steel  wheels  must 
be  built  around  a  standard  of  their  own.  The  rims  that 
are  used  for  wrood  wheels  have  been  found  too  heavy  and 
the  locking-devices  cumbersome.  If  disc  wheels  are  sub- 
stituted for  wood  wheels,  the  changes  in  design  that 
would  be  warranted  would  modify  axle  design.  For  in- 
stance, with  a  single  disc,  the  axle  itself  could  be 
shortened  by  an  amount  equal  to  the  difference  in  the 
widths  of  the  wood  wheel  and  the.  disc.  The  hub  con- 
struction could  be  changed  so  that  the  bearing  support  in 
the  semi-floating  type  of  axle  would  be  so  close  to  the 
center  of  the  wheel  that  it  would  become  an  almost  uni- 
versal type,  making  a  substantial  reduction  in  the  cost 
of  the  axle  itself  and  of  the  hub.  If  the  four-wheel  brake 
ever  comes  into  general  use  on  passenger  cars,  the  use 
of  steel  disc  wheels  will  follow,  naturally. 

Radially,  the  wood  wheel  has  no  resiliency  at  all ;  later- 
ally, it  has  considerable,  but  this  is  restricted  greatly  by 
the  rigidity  of  the  felloe,  the  felloe-band  and  the  rim, 
when  they  are  clamped  together  as  a  unit.  Any  side 
pressure,  therefore,  is  transmitted  through  the  spokes 
in  the  lower  half  of  the  wheel  in  one  direction  and  through 
the  spokes  in  the  upper  half  in  the  opposite  direction, 
this  movement  being  resisted  by  the  diameter  of  the  hub 
flange.  In  the  disc  wheel,  a  load-impact  at  any  particular 
point  causes  the  deflection  of  the  rim  at  the  point,  as  illus- 
trated in  Fig.  2,  and  the  more  the  rim  is  deflected,  the 
more  the  load  is  transferred  by  the  rim  round  the  wheel 
and  absorbed.  It  is  possible  to  design  a  disc  wheel 
with  a  lateral  resiliency  greater  than  in  any  other  type. 
This  holds  true  only  for  the  single-disc  type  or  for  com- 
posite designs  that  embody  the  same  characteristics.    To 


get  extreme  lateral  resiliency  in  the  disc  wheel,  the  re- 
sistance to  deflection  must  build  up  rapidly,  as  deflection 
is  caused  by  impact.  This  is  particularly  noticeable  in 
turning  corners,  as  it  affords  material  relief  to  the  tires, 
the  strain  being  absorbed  more  in  the  disc  itself  and  the 
rim  with  a  substantial  reduction  in  skidding.  The  more 
rigid  the  wheel  is  laterally,  the  greater  will  be  the  shock 
that  the  tire  must  absorb;  consequently,  the  tire  will  skid 
or  transfer  shock  strains  to  the  axle. 

Another  condition  observed  in  wood  wheels  is  the 
cracking  at  the  hub  that  is  caused  by  a  sudden  impact 
against  a  curb  or  other  obstruction.  The  reason  is  that 
the  spokes  are  not  tapered  toward  the  rim,  because  a 
large  diameter  is  necessary  at  the  rim  to  provide  for  a 
tenon  and  also  to  carry  the  load  at  the  rim.  If  this  were 
not  necessary,  the  spokes  could  be  tapered  and  the  wheel 
would  be  fairly  flexible  laterally  at  the  rim.  Because 
of  this  rigidity  at  the  rim  and  the  inability  of  the  spokes 
to  flex  as  wood  naturally  does,  the  impact  is  sudden  and 
localizes  the  strain  at  the  weakest  point  in  the  spokes, 
which  is  also  the  point  of  greatest  leverage.  This  condi- 
tion does  not  exist  in  a  disc  wheel  because,  by  tapering 
the  disc  toward  the  rim,  or  by  securing  the  same  result 
by  the  shape  of  the  disc  from  the  hub  to  the  rim,  the  rim 
takes  a  deflection  very  readily  but  resists  deflection  in  an 
increasing  ratio  as  the  deflection  increases,  similarly  to 
the  spring  action  on  the  car  itself.  This,  together  with 
the  toughness  of  the  steel-disc  wheel,  prevents  the  wheel 
from  collapsing  under  the  conditions  mentioned  above. 
Even  though  the  blow  may  be  sufficient  to  give  it  a 
permanent  set,  the  shock  is  cushioned  to  save  the  axle; 
and  the  driver  can  get  home.  Much  must  yet  be  done  with 
the  design  of  disc  wheels  to  bring  them  into  common 
usage  but,  from  the  standpoint  of  design,  none  of  the  ob- 
stacles that  have  yet  been  encountered  indicates  that 
there  is  anything  which  will  prevent  them  from  becoming 
practicable  from  a  cost  or  an  operating  standpoint. 

Essential  Technical  Features 

The  essential  features  of  the  disc  wheel  that  require 
careful  study  from  a  technical  standpoint  are:  strength, 


Fig.  2 — Lateral  Movement  at  Various  Radial  Points  around  the 
Circumference  of  a  Disc  Wheel  when  the  Load  Is  Applied  at 
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RESIUI  NCI    \ni>  Fatu.i  t 

Resiliency  in  a  wheel  is  secured  by  first  getting  the 
proper  strength  at  the  huh  portion  and  weakening  the 
outwardly  in  proportion  to  the  strength  required  at 
each  point.  This  will  give  tin'  maximum  resiliency  for 
any  particular  design.  The  desirability  of  this  feature 
is  not  appreciated  fully.  In  the  first  place,  the  stiffer  the 
disc  is.  the  more  quickly  will  the  blow  lie  transmitted 
throughout  the  oar,  with  the  consequent  inconvenience  td 
the  passengers  and  excessive  shock  to  the  mechanism.  On 
the  other  hand,  the  greater  the  lateral  movement  of  a  disc 
the  same  strength  is,  the  less  will  l>e  the  fatigue  at 
the  hub,  because  with  greater  movement  the  more  uni- 
form will  be  the  transmission  of  the  load  through  the  rim 
■  e  disc.  The  greater  the  distortion  at  the  rim  is, 
the  less  will  he  the  localizing  of  the  stress  on  the  huh. 

Fatigue  of  the  wheel  usually  is  manifested  at  the  huh 
and,  generally,  is  caused  by  poor  designing  of  the  disc 
or  by  too  soft  steel.  If  the  proper  resiliency  at  the  rim 
is  secured,  and  the  strength  of  the  wheel  builds-up  in  the 
proper  proportion  toward  the  hub,  the  movement  dimin- 
ishes in  the  reverse  ratio,  so  that  there  will  be  practically 
no  movement  at  the  clamping  Mange.  If  the  outer  portion 
of  the  wheel  is  too  rigid,  fatigue  at  the  hub  will  certainly 
occur,  because  of  the  movement  at  the  hub  flange.  It 
will  be  seen  from  the  foregoing,  therefore,  that  a  com- 
promise must  be  effected  between  the  strength  and  the 
resiliency  to  secure  proper  results;  and  the  more  care- 
fully and  correctly  this  is  done,  the  more  weight  can  be 
saved.  It  is  apparent  also  that  the  higher  the  elastic- 
limit  of  the  metal  is,  the  greater  the  resiliency  will  be, 
the  strength  remaining  constant. 

Much  has  been  said  as  regards  the  extra  weight  of  the 
disc  wheel  over  that  of  the  wood  wheel,  but  these  condi- 
tions no  longer  exist.  A  well-designed  disc  wheel  weighs 
slightly  less  than  a  wood  wheel  in  the  32  x  4-in.  size; 
in  the  larger  sizes,  the  saving  increases  rapidly  in  favor 
of  the  disc  wheel.  In  the  30  x  3%-in.  size,  there  is  still 
a  slight  saving  in  weight  in  favor  of  the  wood  wheel. 

Energy  for  Acceleration 

Considerable  comment  has  been  made  as  to  the  energy 
consumed  in  accelerating  a  steel  wheel  on  account  of  its 
being  heavier  at  the  rim.  I  have  made  a  number  of  care- 
ful tests  as  shown  in  Fig.  3,  and  find  that  the  difference 
between  the  energy  required  to  accelerate  the  heaviest 
disc  wheel  to  a  speed  of  15  m.p.h.  and  that  required  for 
the  wooil  wheel  averages  less  than  0.01  per  cent,  assum- 
ing a  10-sec.  period  of  acceleration  in  high  gear,  which 
i-  practically  impossible  to  secure. 

It  has  been  found  that  the  loss  of  energy  due  to  wind- 
age in  accelerating  a  non-skid  tire  as  compared  with  thai 
of  a  smooth  tire  under  the  same  conditions  is  greater 
than  the  difference  in  the  wheels  themselves. 


Noise 


Noise  in  the  wheel  is  of  two  kinds:  (a)  the  reflected 
noise  and  vibration  from  chassis  parts  and  (6)  amplifica- 
tion of  this  noise  because  of  the  shape  of  the  disc  being 
like  that  of  a  bell  or  a  sounding  board.  Broadly  speak- 
ing, tapered  discs  general!  uate  the  noise,  be; 
the  discs  are  sensitive  to  vibrations  of  low  periodicity. 
Reverse  curves  and  crimps  in  the  disc  tend  to  break  up 
the  free  motion  of  the  disc  and,  therefore,  not  only  in- 
crease  rigidity,  but  restrict  the  amplification  of  the  vibra- 
tions. A  disc  properly  designed  should  be  dead,  pi 
tically,  SO  far  as  vibration  and  sound  are  concerned  and, 
rdingly,  the  disi   wheel  should  be  quieter  than  others, 
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because  it  blankets  the  noises  that  come  from  the  chassis, 
at  least  so  far  as  their  effect  on  the  passenger  is  con- 
cerned. It  is  well  known  that  chassis  noises  are  more 
apparent  when  the  running-boards  have  been  removed. 
So  far  as  appearance  is  concerned,  "the  least  said  the 
soonest  mended."  One  thing,  however,  that  can  be  said 
is  that  large  plain  surfaces  do  not  set  the  car  off;  and  the 
general  inclination  of  the  purchaser  is  toward  a  disc  in 
which  there  is  a  certain  natural  grace  and  strength. 
There  is  probably  no  wheel  on  the  market  today  that 
lends  itself  to  various  color  schemes  as  does  the  disc,  be- 
cause its  smooth  surface  gives  a  more  intimate  relation 
between  the  wheels  and  the  trimming  of  the  car.  The 
fact  that  a  car  has  disc  wheels  is  one  of  the  noticeable 
impressions  that  the  observer  first  receives  and,  there- 
fore, will  always  merit  careful  attention  from  the  stand- 
points of  color  value  and  decorative  effect. 

Steel  for  Disc  Wheels 

One  of  the  great  problems  in  the  manufacture  of  disc 
wheels  is  the  securing  of  proper  steel.  The  average  disc 
is  made  of  S.  A.  E.  1020  steel,  either  hot  or  cold-rolled; 
in  either  case  they  should  be  full-pickled  and  the  surface 
should  be  as  smooth  as  possible,  because,  if  objectionable 
pits  and  tears  are  present,  they  must  either  be  polished 
out  or  filled  during  the  painting  operation. 

When  the  discs  are  to  be  enameled  it  is  usual  to  call  for 
full-pickled  full-cold-rolled  stock.  In  most  cases  this  sur- 
face will  give  a  good  enamel  finish  without  further 
preparation.  It  is  necessary,  of  course,  that  care  should 
be  used  in  handling  discs  of  this  finish  in  large  produc- 
tion. The  polishing  equipment  and  space  saved  is  well 
worth  extra  cost  of  full-finish  material.  When  discs  are 
to  be  painted  it  has  been  usual  to  use  hot-rolled  stock, 
because  small  defects  can  be  covered-up  in  filling  coats, 
but  the  full-finish  material  is  preferable  on  account  of 
the  labor  saved  in  the  rubbing  and  filler  coats  that  are 
objectionable  because  they  crack  in  service.  The  real 
problem,  however,  is  to  secure  steel  of  sufficient  and  uni- 
form hardness.  It  is  difficult  to  control  the  temperature 
of  the  billet  during  the  rolling  operation,  and  the  hardness 
varies  greatly  unless  the  sheets  are  reannealed.  The  hard- 
ness of  a  sheet  and  the  carbon-content  should  be  as  high 
as  can  be  drawn  in  the  press  without  injury  to  the  metal 
and,  therefore,  the  more  difficult  the  shape  is  to  draw, 
the  softer  is  the  metal  that  is  used.  In  fact,  the  secret 
of  making  disc  wheels  is  to  make  a  design  that  will  not 
draw  the  metal  more  than  is  absolutely  necessary ;  in 
other  words,  to  make  the  shape  so  that  the  punch  will 
lay  the  metal  into  the  die,  instead  of  drawing  it,  because  a 
certain  amount  of  thinning  occurs  in  the  average  disc, 
usually  at  the  hub  flange,  which  is  the  fatigue-point  in 
operation. 

A  Brinell  hardness  of  130  to  145  is  satisfactory  for 

average  purposes.    We  should  like  to  go  much  higher  but, 

at  present,  this  does  not  appear  practicable  on  account  of 

:    the  wide  range  of  hardness  that  the  mills  demand ;  that 

I    is,  50  points.    A  disc  of  100  Brinell  hardness  under  test 

has  shown  fatigue  about  three  times  as  quickly  as  a  disc 

!    of  145  Brinell,  although  the  grain  structure  of  the  harder 

disc   may  not   be   as   good.      Fatigue   usually   occurs   at 

the  hub,  and  a  harder  metal  makes  a  stiffer  disc  with  less 

lateral   movement    under   the    same   load ;    whereas,    the 

softer  disc  may  show  better  structure  and  ductility,  but 

moves  so  much  more  that  fatigue  occurs  earlier.     It  is 

manifestly  impossible  to  manufacture  discs  with  these 

wide  variations  in  hardness,  successfully. 

The  solutions  that  appear  possible  are  to  heat-treat  the 


metal  before  or  after  drawing,  or  to  use  high-carbon  steel 
drawn  hot  and  hardened  in  a  die  afterward.  Both  these 
alternatives  involve  numerous  manufacturing  difficulties. 
On  the  other  hand,  either  of  these  processes  will  give  a 
uniform  product,  an  increased  strength  and  a  reduced 
weight.  The  future  of  the  disc  wheel  appears  to  depend 
on  the  commercial  development  of  some  process  similar 
to  those  outlined  above. 

Finish 

Few  people  seem  to  realize  the  relation  between  the 
finished  surface  of  the  metal  and  the  life  of  the  paint. 
On  an  automobile  body  we  apply  from  5  to  15  coats  of 
rough-stuff  and  paint  to  build  up  a  good  surface,  and  the 
same  method  has  been  followed  in  finishing  disc  wheels. 
This  is  absolutely  contrary  to  what  should  be  done.  A 
disc  wheel  is  subject  to  severe  vibrations  and  deflections 
in  service.  The  heat  from  the  brake-drum  is  sometimes 
transmitted  to  the  rear  wheels,  consequently  the  same 
conditions  that  apply  to  the  painting  of  the  body  do  not 
apply  to  the  wheels;  in  fact,  the  ultimate  disc  wheel  will 
furnish  the  same  relative  resiliency  to  the  movement  of 
the  car  laterally  that  the  springs  do  vertically. 

Fillers  and  rough-stuff  are  notoriously  short  in  oil, 
whereas  the  varnishes  are  long  in  oil.  It  is  apparent, 
therefore,  that  a  filler  or  a  primer  will  not  hold  to  the  disc 
as  well  as  paints  and  varnishes  long  in  oil.  The  smoother 
the  disc  is,  the  less  of  the  primer  or  the  filler  that  will 
be  necessary;  in  fact,  the  first  coat  that  is  applied  to 
the  disc  should  be  an  oil  coat  to  afford  a  surface  for  the 
color  coat.  The  number  of  coats  should  be  reduced  to  at 
least  four,  namely:  (a)  an  oil  coat  baked  on,  (b)  a  color 
primer  long  in  oil,  (c)  a  color  varnish  and  (d)  a  finish- 
ing-varnish. I  am  assuming,  of  course,  that  the  neces- 
sary rubbing  will  take  place  between  the  coats  and  that 
oil-rubbing  and  sanding  will  be  used  in  place  of  water. 
I  should  like  to  see  the  day  when  we  can  dispense  with 
the  primer  coat  entirely  and  use  nothing  but  oil  and  var- 
nish. It  is  apparent  that  enameling  is  the  ideal  finish 
for  disc  wheels  but,  on  account  of  the  decorative  value  of 
color,  paint  will  commonly  be  used  as  wTell,  particularly 
for  sport  models. 

What  the  future  holds  for  the  disc  wheel  is  impossible 
to  forecast  at  this  time.  It  is  a  fact,  nevertheless,  that 
with  the  scarcity  of  good  wood,  automobile  builders  have 
been  compelled  to  find  substitutes,  and  today  even  closed 
bodies  are  being  made  of  steel.  Steel  lends  itself  to  more 
economical  manufacture  and  larger  quantity  production. 
We  believe,  therefore,  that  wheels  will  follow  the  trend  of 
the  times  and  will  eventually  be  made  entirely  of  metal. 
The  disc  wheel,  by  design  and  construction,  is  suitable 
for  large  production  and  low  manufacturing-cost ;  there- 
fore, it  should  assume  a  prominent  position  in  the  wheel 
industry  of  the  future. 

THE   DISCUSSION 

H.  T.  Myers  : — Looking  at  it  from  a  sales  angle,  we 
are  confronted  occasionally  with  questions  from  prospec- 
tive customers  concerning  the  virtues  of  different  types 
of  disc  wheel  and  the  problem  of  trying  to  explain  the 
difference  between  a  convex  and  a  concave  wheel  as  to 
cleanliness,  looks  and  durability,  the  advantage  of  a  con- 
vex over  a  concave  wheel  as  to  its  being  more  soundproof 
and  things  of  that  sort.  My  opinion  is  that  the  concave 
wheel  is  the  better  looking  wheel  but,  some  time  ago,  a 
representative  of  one  of  the  companies  maintained  that 
a  convex  wheel  was  cleaner  and  stronger  and  that  it  would 
be  the  ultimate  wheel;  that  the  concave  wheel  was  noisy 
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and  I  dust    To  prove  his  conten- 

>  to  drive  wheels  over  dusty 

made  tests  for  wheel  rumble. 

J.  W.  White: — Differences  of  opinion  make  a  horse- 

.  that  Mr.  Myers'  statements  can 

be  qu  if  the  wheel  to  which  he  refers. 

no  doubt  about  its  being  an  easy  wheel 

■.ough  the  gutter  between  the  ilise  and 

je  of  the  rim  collects  ilust,  dirt  and  water.    I 

ben  Mr.  Myers  says  that  an  extreme  design 

rs  to  a  wheel  that  is  dished  deeply. 

eriu-d,  1  should  like  to  take 

put  crimps  in  the  surface  of  a 

;  naturally  will  reduce  the  noise.    A  tapered 

i.»n  of  a  bell  more  nearly. 

E.  T.  Mathewson: — How  does  the  wire  wheel  compare 

wheel  and  the  wood  wheel  as  to  flexibility? 

\V.    \V.    DAVISON: — The    lateral    resistance    of    a    wire 

wheel  is  much  greater  than  that  of  either  a  wood  or  a 

I  on  account  of  the  number  of  spokes  ami  their 

high  lacing  tension.    A  wire  wheel  is  three  to  four  times 

•  ither  a  wood  or  a  disc  wheel  under  strains 

of  this  kind. 

Mr.  White: — I  can  amplify  Mr.  Davison's  statement 
in  t!  A  wire  wheel  is  assembled  under  tension; 

you  cannot  have  lateral  movement  in  a  wire  wheel  until 
the  load  applied  exceeds  the  lacing  tension;  you  must 
overcome  the  tension  of  the  wheel  before  you  can  get  any 

A  Member: — Will  the  corrugated  drive  become  loose 
under  ordinary  conditions? 

Mr.  White: — We  ran  the  corrugated  drive  for  1,000,- 
000  torque  oscillations;  with  a  54,000-lb-in.  torque  on  a 
30  x  3'-  -in.  disc.  The  wheel  on  an  average  car  of  this 
size  will  deliver  a  torque  of  about  5000  to  6000  lb-in.  to 
the  road  before  losing  traction;  so,  this  load  represents 
10  times  the  maximum  driving  effort.  At  the  end  of  5000 
oscillations,  it  had  a  0.005-in.  movement  and  at  the  end  of 
1,000.'  lations  did  not  appear  to  have  any. 

F.  Reid: — I  think  Mr.  White  has  brought  out 
the  fact  that,  in  general,  the  merits  of  disc  wheels  are 
argued  without  knowledge.  The  difference  in  the  weight 
and  in  where  the  weight  is  placed  on  the  wheel  certainly 


has  an  effect  on  the  acceleration  of  the  car.  but  the 
that  the  difference  in  acceleration  between  a  rib  tread  and 

a  non-skid  tire  was  more  than  the  difference  between  the 
lightest  and  the  heaviest  wheel  tested  is  very  interesting. 
To  my  mind,  it  will  develop  eventually  that  every  auto- 
mobile disc-wheel  will  be  a  glorified  brake-drum,  because 
"lis  are  becoming  larger  to  make  riding  easier. 
The  rim  will  go  on  the  brake-drum  and  the  wheel  will  have 
an  8-in.  tire.  We  have  found  that  too  much  movement 
causes  crystallization;  so,  we  tried  to  prevent  movement. 
Practically  every  automobile  wheel  that  goes  out  of  com- 
mission does  so  because  it  skids.  The  wheel  that  takes 
the  least  permanent  set  after  a  skid,  it  seems  to  me,  is 
the  best  wheel. 

E.  S.  Ingham: — I  am  not  an  engineer;  I  am  a  service- 
man. We  have  made  both  kinds  of  disc  wheel,  the  con- 
and  the  concave.  The  blow  that  a  convex  disc-wheel 
gets  puts  the  steel  under  tension.  When  a  concave  disc- 
wheel  gets  a  sufficiently  hard  blow,  the  wheel  will  buckle 
and  turn  inside  out.  Our  service-station  repairs  a  large 
number  of  wheels  other  than  those  of  our  own  make,  and 
we  know  this  to  be  a  fact.  Our  wheels  do  not  turn  inside 
out;  that  is  one  point  in  favor  of  the  convex  wheel.  The 
disc  always  is  under  pressure  and  the  side  blow  must  over- 
come that  pressure. 

Mr.  White: — Mr.  Ingham  is  correct  in  his  statement 
that  the  convex  wheel  does  take  a  shock  well.  You  will 
notice  in  our  design,  however,  that  we  have  one  concave 
shape  changing  to  a  convex  at  the  hub.  The  reason  we 
use  two  curves  is  to  take  shocks  in  both  directions. 

Mr.  Reid: — Why  are  the  nuts  on  the  right  side  of  the 
wheel  represented  by  Mr.  Ingham  made  with  a  left-hand 
thread  and  vice  versa. 

Mr.  Ingham: — The  principle  is  similar  to  that  used 
with  the  hub-cap,  but  different.  It  is  for  the  purpose  of 
keeping  the  nuts  tight.  In  our  design,  we  have  a  different 
action.  The  disc  is  mounted  on  the  hub  and  touches  the 
hub  only  at  the  outer  edge.  The  weight  of  the  disc  is 
carried  on  the  nuts.  The  steel,  being  channeled,  has 
naturally  a  certain  amount  of  give.  It  is  a  fact  that  there 
would  be  a  tendency  to  loosen  the  nuts  if  they  were  re- 
versed. The  flexing  action  on  the  nuts  will  keep  them 
tight. 
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Discussion  of  Papers  at  the 
Semi-Annual  Meeting 


THE  discussion  of  the  papers  presented  at  the  re- 
cent Semi-Annual  Meeting  of  the  Society  included 
written  contributions  submitted  by  members  who 
were  unable  to  be  present  and  the  remarks  made  at  the 
meeting.  In  every  case  an  effort  has  been  made  to  have 
the  authors  of  the  several  papers  reply  to  the  discussion, 
both  oral  and  written,  and  these  comments,  where  re- 
ceived, are   included   in  the   discussions.     For   the  con- 


venience of  the  members,  a  brief  abstract  of  each  paper 
precedes  the  discussion,  with  a  reference  to  the  issue  of 
The  Journal  in  which  the  paper  appeared,  so  that  mem- 
bers who  desire  to  refer  to  the  complete  text  as  origin- 
ally printed  and  the  illustrations  that  appeared  in  con- 
nection therewith  can  do  so  with  a  minimum  of  effort. 
The  paper  by  James  J.  Shanley  on  Automobile  Head- 
Lamp  Regulation  is  printed  elsewhere  in  this  issue. 


SHOEING  A  CAR  WITH  LOW-PRESSURE  AIR 


BY  J.  E.   HALE 


THE  author  describes  the  results  of  a  deliberate 
attempt  to  make  motor  vehicles  ride  on  air  that  is 
at  a  low  pressure,  through  the  usage  of  an  air-cushion 
tire  having  greater  carcass  flexibility  than  is  usual  and 
by  enlarging  the  size  of  the  tire  section  so  as  to  pro- 
vide a  greater  area  of  contact  between  the  tire  and 
the  pavement.  The  goal  tried  for  was  to  increase  the 
area  of  contact  sufficiently  so  that  air  pressures  rang- 
ing from  20  to  35  lb.  per  sq.  in.  could  be  employed  in 
actual  practice. 

Fundamental  conditions  are  considered  first,  fol- 
lowed by  statements  as  to  what  advantages  the  air- 
cushion  tires  containing  air  at  low  pressure  give  to  a 
car.  The  effects  on  car  operation  are  presented  at 
some  length,  inclusive  of  considerations  regarding  car 
speed,  steering  ability,  front-wheel  shimmy,  traction, 
braking  control,  blow-outs,  side-sway  and  other  factors 
of   influence. 

Durability  and  tire  cost  are  treated  in  some  detail, 
specific  applications  of  air-cushion  tires  to  automobiles 
are  considered  and  a  discussion  of  their  desirability  is 
invited.  In  conclusion,  recommendations  are  made  for 
a  new  tire-size  nomenclature,  in  regard  to  oversizing 
and  to  tire-deflection  limitation;  and  specific  tire-size 
recommendations  for  air-cushion  tires  on  stated  makes 
of  car  are  advocated  in  the  Appendix  and  tabulated. 
Numerous  illustrations  and  diagrams  accompany  the 
paper.— [Printed  in  the  July,  1923,  issue  of  The 
Journal.] 

THE  DISCUSSION 

Chairman  T.  J.  Litle,  Jr.: — We  have  asked  the  mem- 
bers to  write  their  questions  on  the  cards  that  were  dis- 
tributed rather  than  to  state  their  questions  verbally, 
for  two  reasons.  First,  questions  will  occur  to  the  mem- 
bers as  the  paper  is  being  read  and,  if  these  are  jotted 
down  on  a  card,  they  will  be  better  questions  than  would 
be  put  extemporaneously  from  the  floor.  Second,  many 
of  us  have  the  habit  of  getting  up  to  ask  a  question  and 
then  continuing  with  a  sort  of  lecture  of  our  own  that 
becomes  very  much  involved  and  takes  too  much  time. 
In  the  Detroit  Section  meetings,  we  have  had  as  many  as 
65  questions  asked  and  answered  by  the  author  of  the 
paper  in  a  single  evening.  Not  more  than  from  12  to  15 
questions  can  be  asked  from  the  floor  and  answered  by 
the  author  within  that  time.  Incidentally,  this  method 
is  a  sample  demonstration  that  can  be  followed  out  in 
the   Section  meetings  throughout   the   Country.     I   will 


now  read  the  questions  and  Mr.  Hale  will  answer  them, 
one  at  a  time.  I  will  not  read  the  name  of  the  questioner 
to  avoid  possible  embarrassment  to  him. 

Question: — Is  it  possible  that  a  7-in.  tire  on  a  heavy 
car  would,  upon  rounding  a  sharp  curve  at  high  speed, 
be  rolled  over  to  such  an  extent  that  its  side-walls  would 
make  contact  with  the  road? 

James  E.  Hale: — Not  if  there  were  sufficient  air- 
pressure  in  the  tire. 

Question: — Why  call  them  "air-cushion  tires"  when 
we  already  have  so  much  confusion  in  defining  a  cushion 
tire?    Why  not  call  them  "super-pneumatic"  tires? 

Mr.  Hale  : — The  Nomenclature  Division  of  the  Society 
might  do  some  good  work  on  that.  I  think  a  certain  com- 
pany might  object  to  that  particular  term. 

Question: — Do  you  think  it  possible  to  decrease  the 
running  clearance  over  the  front  and  the  rear  axles  with 
the  use  of  large  tires?  What  is  the  cost  in  comparison 
with  that  of  ordinary  pneumatic  tires?  What  is  the 
effect  of  scraping  the  air-cushion  tire  side-walls  on  the 
curbing? 

Mr.  Hale: — I  think  the  road  clearance  will  have  to  be 
figured  substantially  the  same  as  for  the  high-pressure 
pneumatic  tires.  The  comparative  cost  is  not  available 
at  present  because  we  have  not  got  into  volume  produc- 
tion, but  I  can  state  that  the  tires  will  not  cost  enough 
more  to  make  any  sales  resistance  against  putting  them 
on  the  market.  The  side-walls  seem  to  resist  curb-scrap- 
ing very  much  better  than  do  those  of  the  high-pressure 
pneumatic  tires. 

Question  : — Have  any  tests  been  made  to  determine 
the  running  temperature  of  the  air-cushion  tires? 

Mr.  Hale  : — No,  but  the  temperatures  will  be  very  low 
because  the  carcass  has  no  body  to  hold  the  heat. 

Question  :— What  is  the  effect  on  the  air-cushion  tires 
when  running  in  deep,  narrow  ruts  in  clay  roads? 

Mr.  Hale  : — The  effect  is  the  same  as  when  a  5-in.  tire 
runs  in  a  rut  that  is  made  by  cars  having  smaller  tires. 

Question: — How  long  does  the  tire  inflation  last? 

Mr.  Hale: — The  tube  seems  to  hold  the  air  consider- 
ably better  than  does  the  tube  of  the  high-pressure  tire, 
because  of  the  lower  air-pressure.  I  cannot  say  how 
much  longer  it  holds  the  pressure. 

Chairman  Litle: — Would  the  leakage  naturally  be 
more  rapid  at  the  higher  pressure? 
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of    the 
to  use  plain  tread, 

-kill    t>  pi 

Mr.  H  i  ads  now  and 

have  made  these  tires 

•   -..     whether  they 

replacing  the  non-skid 

-  the  value  of  the  air-cushion  • 

Mr.  Hale: — They  are  being  tried,  but   we  hi 

igh  with  our  tests  to  have  any  definite 

QUEST!  the    air-cushion    tire    compare 

•  .re    tire    regarding    resistance 
puncture? 

Mr.  HALE:— A  car  in  our  test  tleet  had  one  puncture  in 

ticab  work,  one  puncture  in  3700  miles. 

Wire  ••  b  economy-tests  run  under 

r  conditii  that  the  engines  were 

operating  under  comparable  temperature  conditio 

Mr.  Hale: — The  figures  given  are  for  cabs  running 
side  in  April.     The  high-pressure  tires   did  not 
run  one  month  and  the  air-cushion  tires  the  next,  but 
during  the  same  testing  period. 

BSTION: — What   is  the  intended  shape  of  the  felloe 
for  these  tire*  I  the  intention  to  than  one 

felloe  for  the  different   size  tire-bases   in  line  with   the 
recent   standardization  made  by   some  of  the  tire  com- 
panies for  truck  sizes?    This  refers  to  the  rim-mounting 
.re. 
Mr.  HALE:  —  No  work  has  been  done  on  that  thus  far. 
QUESTION        How  many  air-cushion  tires  have  been  run 
to  destruction  and  what  is  the  average  mileage? 

Mr.  Hale: — I  do  not  have  that  information  with  me. 
If  the  person  who  wrote  the  question  will  write  me,  I 
will  be  glad  to  give  him  a  suitable  answer. 

Qi  -When    using    air-cushion    tires,    why    are 

.:>•,   the  term   "snubbers"   meaning   any 

good  to  check  the  rebound  of  the  springs? 

Mr.  Hale: — Without  snubbers,  the  rebound   inherent 

in  the  springs  is  multiplied  by  the  soft  cushioning  of  the 

limply  produces  an  »••  •    rebound  in  going 

long  ups-and-downs  in  the  road. 

the  effect  of  deep  ruts  on  the  thin 
■ 

Mr.  Hale:     1'  u  about  on  the  high-p  • 

imatic  tires.     We  have  made  no  exten- 
on  that,  however. 

«  H airman  Litle:— I  have  been  driving  a  car  for  many 
thou  n  air-cushion  tires  and  my  practice 

•    ruts  in  many  case-.  I  find  that   I  can 
igh,  broken-up  ground  more  easily  with  the 
•  than  with  the  small     ze.     Ordinarily,  I  do 
in    the  I    would    with    an 

ordinary  tin-.     Does    Mr.    Hale  agree  with  that? 
Mr.  Ha; 

the  road  due  to  air- 
•  I  and  dust  bj 

Mb 

Did  your  ultra-rapid   motion-pic- 
nection? 

Mr.  Ha: 

maintain 

Mr.  H  •  know. 

the  relative    volume  and  the 


weight  of  air  in  high-pressure  and  in  low-pressurs 
tires,  when  applied  to  the  sami  car? 
Mb.  Hale:     We  do  not  measure  the  volume  and  the 
.  nt  of  the  air  because  1  think  they  do  not  mean  any- 
thing.    However,  1  will  be  glad  to  procure  those  figures 

for  whomever  is  interested. 

Question:     Is   hardness  of  steering  when   about   to 
park  a  car  partly  offset  by  tin   abilitj   of  the  wheel 
:    the   curb? 
Mr.    Hale:     It    is  expedient   to  climb  the  curb   if  it 

s  the  car  to  get  into  postion,  thai  is  all. 
Chairman  LiTLE:— I  do  that  about  half  the  time. 
QUESTION : — What   are  the  reasons   for  saving,    for   in- 
stance, a  7.30  instead  of  a  34  X  7- in.  tire? 

Mr.  Hale:     What  is  a  34  x  7-in.  tire?    I  know  of  no 
that  has  a  nieasurrm«n!  of  3  l  in.  and  none  that  has 

a  measurement  of  7  in.:  BO  why  call  it  34  x  7?  My 
thought  is  that  the  logical  thing  to  do  is  to  name  the 
tires  by  an  actual  measurement  that  we  find  on  the  tin  . 
When  1  say  a  7.30  tire,  calipers  will  show  that  the 
tions  actually  measure  7.30  in.  The  reason  I  do 
use  the  standing  diameter  is  that  it  seems  unnecessary; 
there  is  only  one  standing  diameter  for  a  7.3.0  tire.  So, 
why  not  have  a  short  cut? 

CHAIRMAN    LiTLE: — Something   was    said   about   hard 
ring.     It   may  be  up  to  the  engineer  or  to  the  gear 
manufacturer   to   make    a    steering-gear   that    will 
more  easily  and  overcome  the  slight  objection  that  some 
one  might  have  to  these  air-cushion  tires. 

F.  F.  Chandler: — The  company  I  represent  has  felt 
for  some  time  that  the  subject  of  easy  steering  has  not 
been  studied  carefully  enough.  We  are  now  engaging  in 
ngineering  study  of  the  subject.  Also,  we  have  pro- 
duced a  gear  that,  in  our  opinion,  will  do  much  toward 
accomplishing  the  satisfactory  handling  of  the  air-cushion 
tires.  The  whole  subject  of  steering  i-  one  that  is 
mixed  up  with  the  air-cushion-tire  business,  with 
front-wheel-axle  design,  the  drag-link  connections,  the 
kind  of  bearings  in  the  kingpins  and  many  other  matters. 
It  is  a  joint  subject  that  should  be  studied  by  all.  We 
are  preparing  to  work  out  the  better  steering  of  auto- 
mobiles,  either  individually  or,  more  properly,  in  con- 
junction with  others. 

Charles  L.  Nedoma: — Our  experience  is  not  as  lenj 
as  that  of  the  company  Mr.  Hale  represents,  which  has 
been  using  their  air-cushion  tires  for  a  long  time.  Thei> 
car  rides  more  comfortably;  however,  the  liability  to 
puncture  appears  to  be  greater.  We  have  found  that  a 
little  tack  that  usually  would  not  damage  the  ordinary  tin 
blows-out  the  air-cushion  tire.  We  had  about  six  punc- 
tures in  8500  miles.  The  steering,  I  would  say,  is  more 
difficult  than  with  the  ordinary  tire,  and  the  car  lacks 
stability   at    high    speed-. 

I  H AIRMAN    LiTLE:— Do   you    believe  that   some   \\ 
might   be  done  on   thi  ng-gear  to   improve   thi 

Mr.  Nedoma  :     5 

Ernest   Wooler:— To   emphasize   the  tents   in 

Mr.   Hale-'     papei    about   the  skidding  possibilities,   it   was 

rainii        hi      I  left  Cleveland  to  drive  here,  using  air- 
cushion  tire-.     A  friend  of  mine  who  used  ordinary  tires 
and  usually  is  a  fasl  driver  could  not  keep  up  with  me.  H< 
Ced    th(    chuck-holes  during  the  entire  trip  and   I  did 
nol  know  there  were  any.    steering  change,-  already  havi 
made  on  the  car  I  am  driving,  so  that  the  ear  now 
easily  as  any  I  ever  drove.    The  dust-raising 
■  rties  of  the  air-cushion  tiret  are  a  great  di  advan 

.'.lid   so   is   the      tow    throwing   on   a    gravel    road.      I 

know  of  no  other  disadvantages  as  yet. 
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Paul  \V.  Litchfield': — We  have  had  considerable  ex- 
perience in  the  past  3  or  4  years  with  tires  of  large  cross- 
section  and  lower  air  pressures.  It  is  well  known,  I 
think,  by  everybody  in  the  automobile  and  in  the  tire 
business  that  there  has  not  been  the  sufficient  cushion- 
ing by  the  use  of  pneumatic  tires  that  there  should  have 
been.  It  has  always  been  a  question  with  the  tire  manu- 
facturers of  trying  to  get  the  automobile  builders  to 
put  on  tires  of  larger  air-volume,  so  that  they  could  use 
lower  air-pressures.  The  10-per  cent  oversize  in  tires 
was  largely  an  effort  to  get  a  larger  tire  on  the  existing 
rims,  a  tire  with  a  larger  volume  that  required  less 
pressure,  because  it  was  realized  that  there  would  be 
increased  comfort  and  not  necessarily  an  increased  cost 
per  mile.  It  is  a  question,  I  think,  of  how  far  it  is  neces- 
sary to  go  in  this  direction.  The  time  has  arrived  in  the 
development  of  cord  tires,  I  believe,  when  tires  of  larger 
cross-section  and  lower  air-pressures  can  be  introduced 
with  very  little  increase  in  the  original  cost  of  the  tire 
equipment  and  probably  at  a  decreased  cost  per  mile. 
The  question  is  not  whether  it  is  a  good  thing,  but  how 
far  to  go  and  where  to  standardize.  In  the  proposed 
schedule  the  weights  are  kept  down  to  a  certain  extent 
by  using  narrower  rims  than  the  present  standard.  We 
found  in  several  instances  in  the  past  that  we  had  to 
widen  the  rims  to  get  the  proper  rim  stability  to  prevent 
shimmying  and  side-sway.  We  originally  put  a  3%  and 
a  4-in.  tire  on  the  same  size  of  rim,  and  we  had  to  make 
a  wider  rim  for  the  4-in.  tire.  We  had  to  do  the  same 
thing  with  the  41?.  and  5-in.  tires,  reducing  the  5-in.  rim 
when  it  came  to  sizes  over  5  in.  to  secure  rim  stability. 

For  good  equipment,  we  feel  that  it  is  necessary  to 
use  a  wider  cross-section  of  rim  than  that  recommended 
by  Mr.  Hale's  paper,  which  does  not  mean  much  increase 
in  the  weight,  necessarily.  At  present,  we  have  4-in. 
rims;  for  instance,  when  using  a  312-in.  tire,  the  4-in. 
rim  could  be  lightened.  The  use  of  tires  of  larger 
diameter  necessitates  the  use  of  smaller  wheels ;  instead 
of  having  23.  24  and  25-in.  wheels  we  can  use  wheels  of 
20-in.  diameter.  Therefore,  the  section  in  the  rim  can 
be  made  lighter  and  we  still  have  the  same  stiffness. 
Thus,  weight  can  be  saved  in  the  design  of  the  rims 
without  getting  the  rims  too  narrow  to  give  the  proper 
stability.  Shimmying  and  the  difficulty  in  steering  are 
increased  by  making  the  rim  too  narrow,  because  the  tire 
balloons  over  the  rim  to  a  greater  extent  and  we  have, 
in  some  measure,  the  troubles  that  we  have  in  steering 
a  tire  that  is  insufficiently  inflated ;  whereas,  if  the  rim 
were  made  wider,  we  would  get  better  stability  to  make 
it  steer  more  easily  and  also  to  be  able  to  drive  with 
much  greater  safety  at  a  higher  speed. 

Some  of  the  exhibition  cars  that  are  here  have  7-in. 
tires  on  4a2-in.  rims.  We  have  a  car  here  that  has  5-in. 
rims  and  6-in.  tires,  which  we  believe  to  be  a  better 
equipment.  To  get  the  excess  of  air  volume  and  still 
lower  pressures  and  to  keep  the  cost  down  means  making 
a  thinner  carcass.  We  must  have  a  certain  amount  of 
body  in  that  carcass  to  prevent  punctures  and  bruises 
and  the  picking-up  of  glass.  While  thickness  is  not 
necessary  to  hold  the  pressure,  we  must  have  a  certain 
thickness  there  to  prevent  undue  cutting  and  destroying 
of  the  tire  by  obstructions  on  rough  roads.  The  tires 
on  this  car  were  inflated  to  a  pressure  of  about  26  or  28 
lb.  per  sq.  in.  for  a  6-in.  tire,  which  is  sufficient  for  a 
car  of  this  particular  type.     We  do  not  feel  that  it  is 

*M.S.A.E — Vice-President  and  factory  manager.  Goodyear  Tire 
&  Rubber  Co.,  Akron,  Ohio. 

-M.S.A.E. — Technical  assistant  to  the  president.  United  States 
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necessary  to  go  to  a  7-in.  tire  and,  to  keep  down  the 
cost,  get  a  still  thinner  tire  and  put  it  on  a  narrower  rim 
that  does  not  give  the  proper  stability. 

In  regard  to  not  providing  for  over-sizing,  Mr.  Hale 
states  that  he  thinks  the  time  has  gone  by  w:hen  the  car 
builder  will  not  put  on  a  large  enough  tire.  The  very 
fact  that  these  balloon  tires  are  necessary  at  all  shows 
that  they  are  not  putting  on  large  enough  tires  because, 
if  they  did,  they  already  would  have  reached  that  stage 
before  this.  We  think  that  there  always  will  be,  in  com- 
petition at  least,  a  tendency  to  put  on  as  small  a  tire  as 
will  be  guaranteed  under  ordinary  circumstances  to  give 
satisfactory  results.  There  always  will  be  times,  with 
different  sizes  and  types  of  bodies  and  with  poor 
road  conditions,  where  cars  must  be  equipped  with  a 
larger-size  tire  than  constitutes  the  original  equipment. 
We  think  that  the  rims  on  a  car  should  be  such  that,  in 
case  a  sedan  body  is  put  on  or  the  car  is  used  in  rough 
country  where  the  roads  are  not  good,  the  owner  will 
have  a  rim  that  will  take  a  larger  tire  and  still  give  him 
economical  wear. 

Mr.  Hale  speaks  of  a  7.30  size  of  the  tire  instead  of  a 
34  x  7  in.  So  long  as  there  are  wheels  of  different  diam- 
eters it  will  be  necessary  to  put  in  an  over-all  diameter  to 
distinguish  one  from  the  other.  To  say  "7-in.  tire"  is 
supposed  to  mean  7  in.  but,  in  tire  design,  it  varies  more 
or  less.  We  will  have  to  get  a  nomenclature  for  the  sizes 
similar  to  that  used  now. 

S.  P.  Thatcher': — The  balloon-tire  problem  is  another 
very  fine  illustration  of  the  fact  that  a  pneumatic  tire 
is  a  compromise  of  many  desirable  qualities.  We  can 
increase  any  one  of  these  qualities,  but  only  at  the  ex- 
pense of  all  the  others.  I  agree  entirely  with  everything 
that  Mr.  Hale  has  brought  out  with  respect  to  the  very 
greatly  improved  cushioning,  but  my  experience  does 
not  check  with  his  on  the  subjects  of  power  consumption, 
ease  of  steering  and  the  puncture  hazard.  I  believe  that 
the  motoring  public  is  used  to  a  certain  standard  so  far 
as  punctures  are  concerned.  Anything  that  is  done  along 
the  line  of  the  balloon  tire  must  be  done  with  that  in 
view.  We  cannot  change  to  too  thin  a  carcass  and,  on 
the  other  hand,  if  we  thicken  the  cai-cass  we  must  use 
higher  inflation-pressures.     I  favor  a  middle  course. 

I  have  noticed  that,  so  far  as  the  difficulty  of  turning 
the  car  or  the  steering-wheel  is  concerned,  there  is  not 
much  difference  in  the  heavier  cars,  but  it  usually  hap- 
pens that  the  wheel  turns  before  the  tire  does.  In  other 
words,  the  flexibility  of  the  tire  carcass  at  the  lower 
pressures  permits  the  wheel  and  the  rim  to  turn  inside 
the  tire.  A  certain  "snapback"  is  evident  after  a  corner 
is  rounded,  which  might  startle  a  driver  who  was  not 
accustomed  to  it;  it  may  be  possible  to  overcome  this, 
but  I  am  not  sure.  So  far  as  high-speed  work  is  con- 
cerned, I  am  afraid  of  the  large  thin-section  tire.  I 
can  take  anybody  out  on  the  road  and  scare  him  to 
death  at  60  m.p.h.  I  believe  that  the  balloon-tire  develop- 
ment is  a  good  thing  if  it  is  not  carried  too  far  or  pushed 
too  rapidly. 

W.  H.  Allen: — I  drove  here,  500  miles,  on  air-cushion 
tires  and  had  a  very  comfortable  ride.  However,  it 
seems  to  me  that  the  tire  is  really  a  small  part  of  the 
problem,  and  that  the  major  development  is  for  the 
automotive  engineer,  who  must  find  out  what  this  tire 
really  contributes  to  a  car  and  then  get  out  of  it  what 
is  there.  We  can  experiment  with  tires  but,  without  the 
cooperation  of  the  automotive  engineer,  I  think  our 
chances  of  success  are  rather  remote. 

C.  F.  Ofensend: — We  have  been  conducting  tests  on 
certain  sizes  for  some  time.     We  feel  that  the  narrow 
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tion.   It  is  only  natural  that  there  should  be  a  difference 

of  opinion  on  anything  new.  1  have  stated  what  we 
found  to  be  our  experience  and  we  have  tried  to  convey 
the  idea  thai  this  is  the  result  of  a  very  extensive  in- 
vestigation. I  will  let  it  stand  at  that.  Sooner  or  later 
the  matter  will  simmer  down  to  something.  Whatever 
is  the  right  thing  will  manifest  itself  and  we  will  all 
arrive  there.  If  I  have  been  wrong  1  will  be  only  too 
glad  to  admit  it.  but  I  can  say  nothing  further  except  that 
everybody  must  bear  in  mind  that  developments  are  very 
rapid  in  the  tire  industry.  Therefore,  although 
these  things  seem  to  be  rather  startling,  it,  nevertheless, 
would  lie  well  to  give  them  a  trial,  because  they  may 
happen  to  be  right. 


MECHANICAL  BRAKING  ON  FOUR  WHEELS  AS  A 
PRESENT  AUTOMOTIVE  NECESSITY 


BY    ALVIN    M.    YOCOM 


THE   author  states  that,  when   used   in  conjunction 
the  braking  effect   of  the   engine,   two-wheel 
ork  well  in  retarding  a  car  on  long  or  heavy 
grades,  but  that,  for  emergency  stops,  which  are  by  far 
most   frequent,  two-wheel   brakes    do   not   give   a 
driver  the  positive  control  of  the  vehicle  and  the  sense 
■    urity  that  are  imparted  by  the  retarding  effect  of 
braking  on  four  wheels.     The  mechanical   four-wheel 
tern    manufactured    by    the    company    the 
or  represents  is  described  and  illustrated,  the  claim 


being  made  that  the  front-wheel  portion  of  the  system 
can  be  connected  and  equalized  with  any  of  the  present- 
day  rear-axle  or  transmission  brakes  without  discard- 
ing any  of  the  rear-axle  or  transmission  brake-material. 
The  equalization  of  brakes  is  discussed  in  some  detail, 
inclusive  of  foreign  practice,  and  other  features  such 
as  "fight"  in  the  brake-pedal,  the  mounting  of  the 
steering-arms  and  the  distribution  of  shoe  pressure  to 
prevent  chattering  and  "grabbing"  are  considered. — 
[Printed  in  the  July.  192  of  The  JOURNAL.] 


THE  RENAULT  MECHANICAL  FOUR-WHEEL 

BRAKING-SYSTEM 


BY    MARCEL    GUILLELMON 


THE  high  car-speed  demanded  by  present-day  drivers 
automobiles  is  stated  by  the  author  as  having 
ited    braking    systems    that    more    adequately 
rcome  the  effects  of  such  increased  momentum  than 
le  with  ordinary  brakes   applied   only  to  the 
wheels.    Since,  at  the  time  the  brakes  are  applied, 
the  greatest  part  of  the  weight  of  the  car  is  thrown 
upon  the  front  axle  and  the  front  wheels,  he  believes  it 
imperative   that   brakes   be   applied   also   to   the   front 
wheels  and  demonstrates  that  this  also  prevents  skid- 
ds increasing  the  braking  effect, 
-wheel  braking-system  of  the  Renault  car  is 
then  illustrated  and  explained  in  detail,  and  the  advan- 
tages of  this  servo-brake  system  in  regard  to  braking 
operation  and  adequate  car  con- 
forth. —  [Printed  in  the  Jul;  -sue 
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interesting,  and  the  discussion  from  the  floor  that  is  to 
follow  will  be  interesting  also. 

Charles  L.  Sheppy: — Regarding  the  problems  in- 
volved in  the  application  of  brakes  to  front  wheel.-, 
tests  and  the  research  work  covering  a  considerable 
period  of  time  show  that  the  application  of  front-wheel 
brakes  to  the  average  cat,  a  o)  i<"I<i<j,  cannot  be  con- 
sidered safe.  If  the  front-wheel  brake  has  to  be  consid- 
ered seriously  for  regular  production,  the  following  sev- 
eral    items   should    have   Bi  nsideration    in   order 

that  the  application  of  front-wheel  brakes  will  give  addi- 
to  the  vehicle  and  not  prove  a  menao    to 
the  public.     The  most   vital  problems  in  the  installation 
of  f  i  ■  l  l uakes  are 

I  1  )    Tin-    front    axle    should    be    designed    to   withstand 

the  torque  due  to  front-wheel  l>rakes 
(2)  rings  should  be  at  liberal  width,  -hould 

have  an  extra  top  leaf,  should  have  a  center  bolt 
to  dowel   into  the  axli  be  well  supplied 

with    rebound    clip  'I    have    the    smallest 

-ible  arch  under  load  and  preferably  no  arch 
under  load 

-print'  clip.'-   and   shackles   should   be 

of  liberal  size  and  of  t  material 

ill  The  cross  coupling  od    bould  be  straight, 
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(5)  The  steering-pivot  axle  should  have  liberal  bear- 

ing surfaces  and  be  of  such  design  as  to  with- 
stand the  additional  stresses  imposed  by  the  use 
of  front-wheel  brakes.  The  steering  levers 
should  be  kept  as  straight  as  possible  and  be  of 
liberal  sections  and  first-class  material 

(6)  Bearings  of  sufficient  capacity  should  be  selected. 

The  additional  stresses  on  the  front  steering 
axles  require  serious  consideration  as  to  the 
loads  imposed  on  front-wheel  bearings 
i  7 )  The  steering-gear  operation  should  not  affect  the 
operation  of  the  brakes,  and  the  operation  of  the 
brakes  should  not  affect  the  steering-gear  oper- 
ation in  any  way 

(8)  Center-point  steering  is  not  essential  in  the  appli- 

cation of  front-wheel  brakes,  its  only  advantage 
being  that  there  is  less  load  on  the  cross  coupling 
steering-rod 

(9)  Consideration  should  be  given  in  regard  to  what 

interpretation  the  State  authorities  of  the  sev- 
eral States  will  place  on  four-wheel  brakes  as 
coming  within  the  law  of  the  States  that  re- 
quire two  independent  and  separate  sets  of  brake 

From  the  comparative  figures  given  in  Table  1  for  two 
and  four-wheel  brakes,  respectively,  it  is  evident  that 
the  car  of  today,  with  only  two  brakes  on  the  rear  and 
with  the  front  axle  and  the  springs  designed  only  to 
take  care  of  the  static  loads,  is  not  adapted  to  take  care 
of  the  additional  weight  and  torque  imposed  by  the  use 
of  front-wheel  brakes.  The  spring  makers  will  no  doubt 
experience  some  difficulty  in  developing  a  satisfactory 
spring  that  will  take  care  of  the  additional  weight  and 
torque  due  to  the  use  of  front-wheel  brakes  and  still 
maintain  the  desired  easy  riding  qualities  that  are  re- 
quired today.  It  is  understood  that  the  stresses  imposed 
on  the  front-axle  and  the  springs,  as  a  whole,  can  be 
kept  below  the  comparative  figures  given  by  using  less 
powerful  brakes  on  the  front  wheels.  It  is  felt  that  this 
is  advisable. 

The  type  of  brake  is  a  matter  of  choice ;  it  can  have 
external  bands,  internal  bands  or  internal  expanding 
shoes.  The  internal  type  with  properly  ribbed  brake- 
drums  gives  a  longer  life  to  the  brake  linings  because  of 
the  better  heat-dissipation.  External  bands  when  used 
hard  lose  their  clearance  and  drag  due  to  the  brake- 
drum  expansion  caused  by  the  poor  heat  dissipation,  be- 
cause the  band  surrounds  the  drum  and  insulates  or  holds 
the  heat  in  the  drum.  The  internal  brakeshoes  should  be 
made  of  aluminum,  preferably,  to  help  cancel  the  ex- 
pansion of  the  drum.  Proper  care  in  the  selection  of 
the  material  is  necessary,  due  to  the  extreme  heat  to 
which  these  parts  are  subjected.  Temperatures  of  600 
deg.  fahr.  have  been  obtained  in  the  shoes  during  the 
tests  conducted.  It  is  noted  also  that  internal  brakes 
do  not  squeal  when  applied,  while,  with  external  brakes, 
this  is  a  general  complaint.  It  is  felt  that  four-wheel 
brakes,  when  properly  designed  with  due  consideration 
for  a  liberal  safety  factor,  are  a  desirable  addition; 
otherwise,  they  had  best  be  left  off. 

H.  M.  Crane: — As  one  of  the  members  of  the  Council, 
I  favored  holding  this  session  to  bring  out  into  the  open 
the  very  difficult  four-wheel-brake  problem  that  was  be- 
ing urged  upon  many  of  our  engineers  and  to  discuss 
the  difficulties  of  obtaining  the  results  that  are  desirable 
if  we  are  to  secure  improved  stopping  power  on  our  cars. 

It  is  my  understanding  that,  at  the  Indianapolis  race, 
the  four-wheel  brake  was  rather  conspicuous  by  its  ab- 
sence. In  the  road  races,  however,  its  use  has  been  prac- 
tically universal.  The  reason,  to  me,  is  obvious.  In 
the  road  races,  the  four-wheel  brake  is  applied  and  used 


for  the  definite  purpose  of  rapid  retardation.  The  driver 
is  willing  to  accept  an  increased  weight  and  a  poorer 
steering  gear  to  get  the  increased  retardation.  In  the 
Indianapolis  race,  there  is  no  reason  for  sudden  stopping 
during  the  actual  running  of  the  race,  except  in  an 
emergency.  When  the  driver  simply  had  to  consider 
emergency  stops,  he  preferred  to  leave  the  extra  trap- 
pings off  and  obtain  the  lighter  axle  and  car  weights  and 
the  better  riding  that  came  with  a  simple  brake  system. 

I  am  glad  that  we  have  had  a  description  of  the  appli- 
cation of  the  four-wheel  brake  to  the  larger  cars,  necessi- 
tating, as  is  apparent  in  European  practice,  the  use  of 
an  auxiliary  mechanism  to  apply  the  brake.  The  reasons 
for  this  were  not  explained,  but  they  are  extremely 
simple.  If  we  start  from  the  simplest  form  of  brake, 
that  is,  the  transmission  brake,  we  have  a  single  brake- 
band or  two  brakeshoes  mounted  directly  on  the  power- 
plant  with  a  short  and  simple  iinkage ;  there  is  no  chance 
for  spring  in  the  linkage,  and  no  necessity  for  equalizers. 
When  we  proceed  to  the  rear-wheel  brakes,  we  have 
double  the  number  of  bands  or  shoes,  an  increased 
amount  of  linkage  and  a  certain  amount  of  come-and-go 
in  many  designs,  due  to  inaccurate  connections  as  to  the 
layout  of  the  spring  centers  and  the  brake-operating  cen- 
ters, so  that  a  certain  amount  of  kick  from  the  pedal 
is  involved.  We  have  the  spring  effects,  possible  lost 
motion  and  the  fact  that  the  brake-drums  then  are  placed 
in  a  postion  where  they  must  be  protected  more  or  less 
against  dirt  and  dust. 

The  next  step  is  to  brakes  on  the  front  wheels  in  addi- 
tion.    We  again  double  the  amount  of  brake-drums  and 


TABLE    1 — TESTS    OP    STOPPING    DISTANCES    OF   THREE   DIF- 
FERENT  TYPES  OF  BRAKE  APPLICATION 


Type  of  Brake 

Rear, 
External- 
Band 
Brakes 

Four 
Brakes, 
Internal 

Shoes 

Four 

Brakes, 

External 

Bands 

Total  Weight  of  Cars,  lb 

Total  Surface  of  Brake-Lining,  sq.  in. 
Weight  per  Square  Inch  of  Lining,  lb. 
Stopping  Distance,  in  Feet,  at 

20m.p.h 

30  m.p.h 

40  m.p.h 

6,000 

332.4 

18.1 

35 

70 

113 

175 

6,000 

308.6 

19.4 

23 

45 

74 

114 

6.000 

600  o 
10.0 

1.5 
35 
60 
90 

Comparative  Figures  Based  I  pun  a  <  '"efficient  of  Adhesion  of  0.9 


Wh<  elbase,  in 

Height  of  Center  of  Gravity  from  Ground,  in. . . . 
Total  Weight  of  Car,  lb 

Weight  on  Rear  Axle,  Level  Road (,pber  ceDt 

Weight  on  Front  Axle,  Level  Road <,pber  ceDt 

Transfer  of  Weight,  Wheels  Locked  by  .'per  cent 

Brakes \lb 

Transfer  of  Weight  on  Grades  Expressed 
in  Percentage  of  Road  Length.  On 
a  Grade  of,  per  cent, 

in  /percent 

10 jib 

on  /per  cent 

4U lib 

qn  /per  cent 

M lib 

Greatest  Transfer  of  Weight  from  Rear  [per  cent 
to  Front lib 

Weight  Remaining  on  Rear  Axle (f£T  cent 

Maximum  Torque  Transmitted  to  Each  Pivot 

Axle,  lb. -in 

Bending  Moments,  in.-lb. 

Vertical 

Horizontal 

Combined 


Two 
Brakes 


138 

36 

6,000 

58.6 

3,500 

41.4 

2,500 

14.0 

840 


15.1 

906 

16.6 

995 

18.6 

1,115 

18.6 

1,115 

40 

2,385 


Four 
Brakes 


13S 

36 

6.000 

58.6 

3 .  500 

41   4 

2.  500 

23  6 

1,410 


25  1 

1  500 
27    1 

l.u25 
29.6 

1,775 
29.6 

1.77.-. 
29 

1.740 


31.000 

_-    300 

.  

37,400 
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able 

pring 
liability 
tnd  a  wheelbase  upwai 
been  described 
.  four-wheel  brake  on  any  but 
lirectly  from  a  foot-brake 
--.ire  without  i 
willing  to  stand  back  of 
challenge  any  one  to  refute  it.     I 
ike  that  operato 

1   have  been  driving  a  car  that 
lb.  without  and   is  frequently 

.  using  a  transmission   brake  that   has 
drums  installed  ack,  in  which  the 

nan   that   of   the   clutch    pedal   and 
required   to   slide   the   rear   wheels    is   less 
the  clutch.      It   is   never   necessary   to   lift 
m    the   floor-boards   to   operate   this    brake 
ly  the  full  braking  pressure  to  the  car: 
ry    low    hung   and    with    all    the    weight 
thro  ;r  that   is  possible,  the  braking   resull 

fuL 
Malcolm  Loughead  suggests  a  method  of  determining 
if  braking  in  which  the  driver,  by  dep' 
ing  '  lal,  tires  a  pistol  into  the  roadway.     I 

think  this  is  not  a  fair  method  of  testing,  certainly  as 
emergency  stopping.     The  only  fair  system  in 
emergency  stopping  is  for  the  car  to  be  proceeding  at 
:   with  the  driver's  foot  on  the  accelerator 
pedal  and.  at  an  unknown  point,  for  an  observer  to  fire 
•he  roadway;  that  point  should  be  the  start- 
ing point  of  the  stop  and  the  distance  should  be  measured 
from  the 

I  am  convinced  that,  with  most  of  tin-  servo  mechani 
and   with   the   attempts   to   handle   foot    brakes    without 
by    excessive    brake-pedal    action,    the 
move  his  foot  from  the  accelera- 
tor pedal  to  the  brake  pedal,  as  well  as  the  time  required 
for  ••  mechanism  to  take-up  and  apply  the  brakes, 

largely  will  cancel  the  difference  in  the  more  rapid  stop 
when  the  brakes  have  actually  been  applied.     I  advo 

The   public   is   the   user  of   the   automobiles 
that   we  turn  out;   we  are  not   building  racing  cars   for 
ivers.     It  ii  not  the  condition  of  th< 

that  will  count,  but  it  is  the 
of  the  car  a  vi-ar  after  it  leaves  the  factory. 

The  Transmission   Brake 

hat,  in  our  attem; 

more    or    li  bility    of    the 

pecial   reason   to  urge 

the  •  '  'hat   I  have  used  it  for  a 

mpany  b.  i  for  a  long 

time  that,   in   service,   it   is   wholly 

transmission  brake  do  the  work. 

rm  of  brake  and  ha-  the  advantage 

■  if  mud  and  dirt;  therefoi 

can  I  and  much  better  cooling 

if  brake.     I  admit  that 

mission-brake 

ar-w heel  brakes  but,  when  its 

;  with  that  of  any  four-wheel  brake, 

.11  be  far  cheaper  and  far  simpler 

and-tear  on  the  tn 

i  int.  for  that  only  by   the   rela- 

tion in  which   it  is  situated. 


used  in  city  traffic  and  in  heavy  suburban  traffic, 

\\.i>  nulled  down  a  year  ago  alter  having  run  62,000 
miles  and  the  transmission  brake-liners  were  not  changed; 
ii  was  not  considered  worth  doing  although  the  car  was 
apart  entirely.  Mr.  Masury  had  a  car  thai  was 
equipped  with  a  transmission  brake,  an  old  experimental 
car;  he  pulled  it  down  last  winter  and.  believing  that 
i;  would  be  necessarj  to  replace  the  brake-liners,  he 
ordered  new  ones  and  had  them  on  the  ground.  When 
that  car  was  pulled  down,  the  brake-liners  were  not 
changed,  although  the  car  had  been  run  more  than  10,000 
miles  while  in  his  possession  and  many  thou.--.iini 
miles  before  that.  Along  with  this  long  life  id'  the  lining 
are   the   facts   that    it    is   very    rarely    necessary   to  adjust 

the  brake  and,  because  the  brake  is  not  connected  to  the 

road  wheels,  it  is  absolutely  tree  from  any  pedal  ai 
on  rough  roads.  It  also  is  the  only  form  of  brake  that 
approaches  equalization.  Mechanical  equalization  of 
brakes  does  not  necessarily  mean  anything.  When  brake 
equalization  is  dependent  upon  toggle  action,  it  is  obvious 
that  unless  the  angle  of  the  toggle  linkage  is  exactly  the 
same  in  both  sets  of  shoes,  the  variation  in  the  shoe 
pressure  will  be  very  great  between  the  two  sides  of  the 
car.  The  factory  can  adjust  brakes  as  carefully  a 
possible,  but  no  one  yet  has  been  able  to  make  brake- 
linings  that  wear  uniformly  on  both  sides.  At  the  end 
of  6  months,  one  brake  will  be  holding  possibly  50  per 
cent  more. than  the  other  one  when  an  absolutely  equal 
pressure  is  being  applied  to  the  mechanism.  No  one  yet 
has  been  able  to  manufacture  a  brake-lining  that  has  uni- 
form coefficients  of  friction.  We  all  know  from  practical 
experience  that  the  condition  of  the  brake-lining  in  a  car 
varies  greatly  from  day  to  day  when  driving;  undoubted- 
ly, it  varies  greatly  from  side  to  side  of  the  car,  depend 
ing  upon  the  amount  of  road  dust  and  oil  that  it  has. 
absorbed. 

1  wish  to  make  a  plea  for  not  throwing  away  anything 
that  we  have  today  that  pertains  to  the  steering  safety 
of  an  automobile  for  the  sake  of  securing  an  increased 
stopping  efficiency.  In  building  one  of  our  cars,  10  years, 
ago,  we  had  a  reactionary  owner;  he  was  a  man  70  years 
of  age  and  he  insisted  on  having  cushions  that  were  18  in. 
high;  he  insisted  also  on  having  high  backs,  with  the 
lop-  tilted-up  instead  of  lying  flat  and  other  things  that 
were  then  out-of-date  about  5  years.  He  also  insisted  on 
having  clincher  tires  at  a  lime  when  everybodj  elsd 
u;i-  using  the  demountable  rim.  The  result  was  that 
his  car  was  sale  to  drive  at  practically  any  speed  on 
almost  any  kind  of  road  without  shock  absorbers.  The 
front  wheels  hugged  the  ground  closely  and  maintained 
the  steering.  Exactly  the  same  model  of  car,  equipped, 
with  demountable  rims  and  weighing  possibly  50  lb 
more  on  the  front  axle,  fell  extremely  unsafe  on  the  park' 
way  at   tl  ed  that  this  first  car  was  perfectly 

comfortable  to  drive.     It  was  necessary  to  use  damping 
devii  obtain  equal  confidence  in  steering. 

Ultra-rapid  motion-pictures  show  that  the  front  wheels 

of  a  Car  actually  leave  the  ground  for  long  spaces.     This 

hi  [i  bound  to  be  increased  greatly  by  every  pound  of 

weight  that  i  -  ni  axle  for  a  given  weight 

above  the  Bprings.    From  what  Mr.  Sheppy  has  said,  it 

erj  great  increase  of  the  front* 
weight    will    be    required    by    front-wheel    brakes    it 

are  to  be  at  all  tory  or  even  safe  to  use. 

ther  feature  of  tie-  ruling  at  the  front  end  of  a  car 
periodic  vibration   that    is  produced  by  the  throw  of 
the  axle   mass,    including   the    wheels   and    I  he   knu< 

tire  and   the  springs.     There  is  a   relatively 
weight   that   is  being  tossed   up-and-down,  with  a 
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spring  below  it  and  a  spring  above  it.  The  greater  the 
weight  is,  the  worse  this  condition  is.  In  shaft-driven 
cars,  I  think  we  have  all  noticed  that,  at  times,  the  rear 
end  of  the  car  seems  to  get  up  in  the  air  and  float,  on  a 
washboard  or  cuppy  road.  At  such  a  time,  there  is 
mighty  little  control  of  the  car.  If  we  have  the  same 
thing  applied  to  the  steering  end  of  the  car,  we  have  no 
control  of  it  at  all. 

I  am  not  a  pessimist  about  four-wheel  brakes,  but  I  do 
know  that  there  are  some  very  serious  problems  involved 
with  their  application  on  account  of  the  public.  I  dis- 
like to  see  the  automotive  industry  rushed  into  their 
production  before  it  has  had  ample  time  to  work  out  all 
the  problems  and  to  make  perfectly  sure  that,  when  the 
car  having  four-wheel  brakes  is  put  on  the  market,  it  is 
as  nearly  perfect  as  our  present  engineering  skill  permits. 

President  Alden: — Those  of  us  who  have  studied  this 
front-wheel  brake  proposition  are  not  altogether  sure 
that  we  know  just  yet  what  we  do  want.  The  company 
I  am  connected  with  has  been  working  at  it  for  some 
time.  While  we  propose  to  build  four-wheel  brakes  if 
the  time  comes  when  that  is  absolutely  necessary,  we 
intend  to  take  all  the  time  that  is  needed  to  get  them 
right. 

C.  T.  Myers: — I  agree  entirely  with  Mr.  Crane.  On 
the  one  hand  it  seems  that,  with  four  wheels,  we.  should 
use  the  available  tire  contact  for  braking,  but  it  will  be 
a  long  process  before  we  can  effect  satisfactorily  the 
compromises  that  will  be  necessary  to  adapt  four-wheel 
brakes  properly.  The  point  brought  out  by  Mr.  Crane 
that  good  design  is  the  acme  of  simplicity  should  never 
come  off  the  wall  of  any  drafting  room. 

W.  P.  Kennedy: — We  ought  to  follow  the  principles 
laid  down  by  Mr.  Crane  in  being  cautious  at  first  and 
progressing  cautiously  afterward.  If  four-wheel-brake 
mechanism  were  to  be  used  entirely  by  skilled  operators, 
there  might  be  very  little  risk  about  it;  but,  considering 
it  as  a  trade  and  a  manufacturing  development,  I  think 
we  are  courting  much  trouble  from  the  operators'  and 
service  standpoint  and  considerable  misplaced  investment 
from  the  viewpoint  of  the  manufacturer. 

W.  G.  Wall: — It  appears  to  me  that  the  die  already 
has  been  cast.  Considering  the  number  of  cars  that  are 
now  being  equipped  with  four-wheel  brakes,  we  will  cer- 
tainly have  to  make  the  best  of  the  proposition  as  it  is. 
I  favor  four-wheel  brakes.  When  designed  and  equalized 
properly,  they  certainly  are  a  wonderful  addition  to  any 
car.  I  have  been  driving  with  four-wheel  brakes  for  the 
last  2  or  3  years.  The  most  important  question  is 
whether  four-wheel  brakes  can  be  kept  adjusted.  We 
know  we  can  equalize  them  and  adjust  them  perfectly 
so  that  we  get  very  fair  results  for  a  short  length  of 
time,  but  there  are  so  many  problems  that  enter  into 
the  perfect  equalizing  of  the  four-wheel  brakes  that  any 
one  of  many  different  things  can  happen  to  those  brakes 
which  will  prevent  them  from  being  perfectly  equalized 
and  adjusted.  All  those  that  I  have  seen  that  have  run 
several  months  without  any  attention  have  a  tendency 
to  show-up  very  differently  from  ordinary  brakes.  The 
adjustment  may  have  been  perfect  and  the  design  may 
have  been  as  good  as  we  now  know  about  but.  after  a 
few  months'  use,  especially  over  tar  roads,  dirt  road.? 
and  muddy  roads,  they  do  not  act  as  well  as  the  ordinary 
brake.  When  I  say  "act  well,"  I  do  not  mean  that  they 
do  not  stop  the  car,  because  they  always  stop  the  car 
better  than  two-wheel  brakes. 

In  connection  with  the  design  of  four-wheel  brakes, 
there  are  several  things  that  we  all  must  think  about. 
Are  we  making  our  front  axles  in  the  proper  way  for 


these  brakes?  In  general,  we  have  come  to  think  of  the 
ordinary  I-beam  section  as  being  the  final  word  on  front 
axles,  but  it  is  possible  that  we  may  have  to  design  our 
front-wheel  axles  to  take-up  entirely  different  strains 
from  what  they  have  been  accustomed  to,  and  that  some 
other  type  of  section  may  be  preferable.  Theoretically, 
the  tubular  section  probably  would  answer  better.  The 
car  equipped  with  four-wheel  brakes,  if  they  are  de- 
signed simply,  with  the  transmission  brake  for  an  emer- 
gency, makes  a  wonderful  driving  proposition,  but  I 
agree  with  President  Alden  and  Mr.  Crane  that  we  still 
have  much  to  learn,  not  only  about  the  design  but  aboui 
the  application  and  the  maintenance  of  four-wheel  brakes. 

Joseph  A.  Anglada: — Mr.  Wall  has  stated  very  clearly 
exactly  what  my  ideas  are  on  the  subject. 

David  Beecroft: — There  has  been  the  suggestion  of 
a  feeling  at  this  session  that  sales  considerations  will 
be  the  dominating  and  the  determining  factor  in  regard 
to  four-wheel  brakes.  Here  is  an  opportunity  for  the 
members  of  the  Society  to  take  a  stand  for  what  they 
believe  is  right.  If,  in  the  past,  the  sales  end  has  dom- 
inated more  than  have  the  engineers,  I  think  we  are 
now  at  a  time  in  the  history  of  the  automotive  industry 
when  the  engineer  has  an  opportunity  to  be  the  safety- 
valve  in  this  braking  situation.  From  the  public's  point 
of  view,  there  is  great  magnetism  in  the  name  "four- 
wheel  brakes,"  and  a  great  desire  on  the  part  of  the 
public  for  them.  We  should  conserve  the  best  interests 
of  the  industry.  I  have  ridden  considerably  in  cars 
equipped  with  different  kinds  of  four-wheel  brake,  but 
they  were  all  beautifully  set-up  by  the  factory  people  and 
kept  so  for  demonstration  purposes.  If  we  could  always 
depend  upon  that  adjustment,  well  and  good.  This  is  a 
time  when  the  engineer  really  can  stand-up  for  what  he 
thinks  is  right.  If  you,  as  engineers,  feel  that  four- 
wheel  brakes  are  not  generally  desirable,  have  the  con- 
science and  the  backbone  to  tell  those  with  whom  you 
are  working  that  the  engineers  are  not  ready  to  take 
this  particular  stand.  It  will  be  much  better  for  the 
reputation  of  our  industry. 

Albert  J.  Gifford: — Is  it  a  fact  that  fully  half  of  the 
European  continental  firms  offer  four-wheel  brakes  as 
standard  equipment?  If  so,  what  success  is  that  policy 
having  and  why  is  it  that  we  in  the  United  States  are 
slow  to  adopt  four-wheel  brakes  when  they  have  been 
adopted  in  such  a  large  degree  in  Europe? 

Marcel  Guillelmon: — In  France,  most  of  the  cars 
manufactured  in  production  have  four-wheel  brakes. 
There  being  no  speed  limit,  one  naturally  drives  much 
faster  in  France  than  in  the  United  States.  But,  al- 
though the  public  drives  at  high  speed,  it  desires  the 
safety  afforded  by  the  cars  equipped  with  four-wheel 
brakes  and  demands  them  from  the  builders.  Evidently 
it  means  a  considerable  expense  to  add  brakes  to  the 
front  wheels,  and  especially  to  add  a  servo-brake.  In 
Paris,  the  authorities  are  now  studying  the  possibility 
of  obliging  all  the  taxicabs  to  adopt  front-wheel  brakes. 
In  1922,  the  Renault  Co.  delivered  about  4000  taxicabs 
and,  most  probably,  will  now  be  compelled  to  equip  them 
with  front-wheel  brakes,  which  would  involve  a  large 
amount  of  work  due  to  the  necessity  of  changing  the 
front  axles,  the  springs  and  the  like.  Of  course,  this  is 
a  great  expense  for  the  taxicab  company,  but  nothing 
should  be  spared  when  the  safety  of  the  public  is  con- 
cerned. About  75  per  cent  of  the  cars  of  10  hp.  and  up, 
manufactured  in  production  in  France,  are  equipped 
with  four-wheel  brakes.  The  cars  built  by  Renault.  Pan- 
hard,  Chenard-Walker,  De  Dion  and  Delage  have  front - 
wheel  brakes  on  all  models  of  10  hp.  and  up. 
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d    four-wheel   brakes 

1  think  they  will  be  put 

However,  the  great  fear  of 

11  be  too  precipitate  and  put 

are  perfected.     It  is  conceded  that 

mobile  accidents  are  due  to  inefficient 

are   not   adjusted    properly   or 

mate  for  the  ear.     Four-wheel   brakes 

at  situation. 

Mr.  Crane  when  he  says  that  four- 
ipplied  without  a  servo  attach- 
attachment  to  build-up  the  power. 
real  type.  1  believe  that  tour-wheel 
rfectly  feasible  and  practicable  without  any 
font.  •rachment.   From   a   rough   estimate,    it 

out  three  times  as  much  effort  to 
apply  internal  expanding  types  of  brake  as  it  does  the 
•■  that  is  designed  properly.     If  advantage 
e  tightening  effect  of  an  external  brake,  it 
can  be  used  with  a  four-wheel  brake  to  very  great  ad- 
tge   and  will   require  very   little   pedal-pressure.     I 
think  it  is  merely  a  matter  of  brake  design  and  hook-up. 
The  trouble  with  most  of  the  four-wheel  brakes  of  today 
proper  equalization.     We  have  examined  all  of  the 
mechanical  and  the  hydraulic  types  of  brake  and  have 
tried  them  out  pretty  carefully.     I   believe  that  proper 
equalization  is  our  great  problem.     I   think   that   four- 
are  coming. 
L.  H.  Pomeroy: — I  call  attention  to  the  essential  dif- 
ference between  the  external  contracting  and  the  internal 
expanding  brake  of  the  shoe  type.     The  external  band- 
brake  :-  a  wrapping  type  of  brake;  whereas,  the  internal 
tnding-shoe    type    is    analogous    to    a    plate    clutch 
where  there   is  a  direct  pressure  between  the  friction 
surf;. 

The  calculations  applying  to  an  external  wrapping- 
type  brake  are  identical  with  those  determining  the 
frictional  contact  between  a  belt  and  a  pulley.  The  rela- 
tive tensions  of  the  tight  and  the  slack  side  of  the  belt 
are  given  by  the  formula 

T    T,=  t" 
where 

a  =  the  angle  of  contact  between  the  belt  and  the  pulley 

i 

;'  =  the  coefficient  of  friction 

teuton  of  the  tiuht  side 
.ck  side 
It  will  be  seen  readily  that  the  coefficient   of  friction 
is  an  exponent  in  the  above  equation  so  that  the  varia- 
tion ions  and  therefore  the  driving  ca- 
ll varies  to  a  greater  extent  than  that 
of  0                ient  of  friction  itself.     The  result  is  that, 
jn  t'r                        -ernal  band-brake  construction,  a  varia- 
tior                              t  of  friction  of  from  say  0.25  to  0J33, 
that                           \   produce     a   variation   in   braking 

terna!  expanding  brake  of  the  shoe  I 

the  braking  power  onl 
al    to    variations    in    the    coefficient    of 

The  trouble  with  an  external  brake  seems  to  be  that  it 

hat  it  will  always  work,  as 

0  that  it  will  sometimes  work. 

type  has,  in  pects, 

!,,  it  can  be  made 

1  even  with  poor  design  it  func- 

it  is  by  no  means  unknown 
for  rial  wrapping-type  of  brake  not  to  function 

at  all. 

Af'<-r  studying  the  subject  of  the  internal  brake  for 


many  years,  1  feel  convinced  that  the  secret  o\'  the  design 
lies  i"  extreme  rigidity.  In  fact,  given  a  choice  between 
a  brake  of  large  diameter  that  was  not  rigid  and  a  brake 
oi  small  diameter  that  was  as  rigid  as  possible,  1  would 
unhesitatingly  choose  the  latter.  In  this  respect,  the  ad- 
vantages of  aluminum  are  very  manifest.  One  is  enabled 
to  put  deep  ribs  around  the  brake-drum  without  involving 
OUS  weight;  it  may  lie  remarked  that  deep  ribs  should 
be  tied  together  by  cross-ribs  at  intervals,  so  that  the 
circumferential  ribs  shall  not  distort  like  a  piece  of  paper 
being  bent  edgewise.  With  a  cast-iron  insert,  a  brake- 
drum  can  be  produced  that  is  light  and  rigid  and  pos- 
sesses great  power  of  heat  dissipation.  My  experience 
with  such  drums  during  the  past  3  years  has  been  that 
the  brake-linings  have  stood  up  for  55,000  odd  miles  and 
show  remarkably  little  wear  indeed,  although  used  under 
the  nio^t  severe  conditions.  The  necessity  for  rigidity 
applies  also  to  the  brakeshoes,  which  should  be  made  just 
as  stitf  as  it  is  possible  to  make  them.  This  stiffness  can 
be  obtained  with  very  little  increase  in  the  weight. 

It  seems  very  doubtful  whether  a  servo-brake  mech- 
anism is  required  except  for  the  heaviest  type  of  car. 
The  brakes  to  which  reference  has  been  made  herewith 
are  operated  by  spiral  cams,  giving  an  approximate  lev- 
erage of  250  to  1  between  the  pedal  and  the  brakeshoes. 
A  motion  of  2  in.  on  the  hand-lever  or  the  brake  pedal 
will  lock  the  brakes  completely.  This  result,  of  course, 
means  careful  workmanship,  but  it  is  easily  obtained  by 
a  grinding  operation  on  the  brake-linings  themselves 
when  the  rear  axle  is  completely  assembled. 

Four-Wheel  Brakes  in  England 
So  far  as  I  am  acquainted  with  the  English  four-wheel- 
brake  situation,  this  differs  only  from  that  in  America 
to  the  extent  by  which  the  English  are  following  the 
French  more  closely.  The  participation  of  English 
racing  cars  in  the  races  in  France  brings  English  en- 
gineers into  contact  with  cars  having  front-wheel  brakes. 
The  lessons  learned  at  a  race  always  seem  very  much 
more  emphatic  than  those  that  are  learned  by  many 
times  that  amount  of  ordinary  road  work.  In  England 
there  are  certain  companies  that  are  fitting  a  front-wheel 
brake.  Some  are  putting  it  on  as  an  optional  device  and 
I  think  they  are  putting  on  a  good  many.  The  actual 
movement  has  not  gone  very  far  because  the  automobile 
industry  in  England  has  been  very  sadly  crippled  during 
the  past  several  years.  However,  I  have  no  doubt  that 
the  front-w-heel  brake  will  become  just  as  popular  in 
England  as  it  will  in  the  United  States. 

One  finds,  all  through  the  United  States,  a  movement 
from  something  that  has  been  tolerated  because  there 
has  not  been  time  to  change  it  to  something  that  is  the 
very  best  that  possibly  can  be.     I  think  the  same  thing 
wili  happen  with  the  four-wheel  brakes.     I  have  yet  to 
find  any  real  American  engineer  who  can  champion  the 
..ge    American    rear    brake.      The    four-wheel   brake 
that    can    be    built    in    quantities    and    therefore    built 
cheaply  will  remove  possibly  the  last  material  criticism 
of  the  American  car  as  it  now  stands.     It  seems  to  me 
that    the    position    we    must    take   as    engineers    is    not 
whether  we  are  to  have  four-wheel  brakes  or  not,  but 
that  we  will  have  them  and  that  it  is  our  busine 
get  them  as  quickly  as  we  can,  consistent  with  the  neci 
of  the  case. 
Me.  Litchfield: — The  importance  of  the  question  of 
ra  braking  facilities  increases  as  we  go  up  to  greater 
weights  and  higher  speeds.     It  will  be  especially  inter- 
ng  in  the  field  of  passenger  carrying,  in  trucks  and 
buses  and  vehicles  of  that  nature.     I  call  special  atten- 
tion to  the  braking  facilities  on  the  truck  designed  by 
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the  Army ;  it  has  four  drive-wheels  mounted  on  an  oscil- 
lating truck  and  the  four-wheel  braking-system.  The  re- 
sults obtained  in  braking  heavy  loads  running  at  high 
speeds  are  remarkable. 

C.  M.  Manly: — The  mere  fact  that  the  four-wheel 
brake  problem  is  difficult  is  the  very  reason  that  all  the 
more  attention  should  be  paid  to  it  and  that  the  work 
of  its  solution  should  be  got  under  way  as  early  as  pos- 
sible. The  difficulties  of  the  problem  should  not  deter 
engineers  from  tackling  it. 

David  Fergusson: — I  have  read  with  much  interest 
the  recent  papers  and  discussions  on  four-wheel  brakes 
that  have  been  presented  before  the  Society,  and  I  am 
rather  surprised  that  the  advocates  of  four-wheel  brakes 
have  not  stated  the  obvious  fact  that  four-wheel  brakes 
do  not  increase  the  static  load  on  the  front  axles  and  the 
front  springs  over  the  load  imposed  by  rear-wheel  brakes 
capable  of  locking  the  rear  wheels,  when  the  decelera- 
tion is  the  same  in  both  cases.  Also,  in  holding  down 
the  speed  of  the  car  on  a  hill  of  say  10-per  cent  grade  to 
15  m.p.h..  the  car  with  four-wheel  brakes  does  not  im- 
pose any  greater  static  load  on  the  front  axle  than  does 
the  car  equipped  with  rear-wheel  brakes,  under  the  same 
conditions.  Four-wheel  brakes  only  impose  a  greater 
static  load  on  the  front  axle  when  they  are  used  to  give 
a  quicker  deceleration  than  can  be  obtained  with  rear- 
wheel  brakes. 

I  am  inclined  to  think  that  four-wheel  brakes  capable 
of  locking  all  wheels  rarely  will  be  used  to  stop  a  car  in 
the  least  possible  distance  except  to  avoid  a  fatal  acci- 
dent, because  such  rapid  deceleration,  approximately 
double  that  of  rear-wheel  brakes  only,  is  not  only  un- 
comfortable to  the  passengers  but  may  actually  injure 
them  unless  they  are  prepared  for  the  stop  and  have 
something  substantial  to  hold  on  to.  A  stop  from  a  speed 
of  30  m.p.h.  within  70  to  80  ft.,  which  can  be  accom- 
plished with  a  car  fitted  with  rear-wheel  brakes  only,  is 
as  quick  as  should  be  indulged  in  under  ordinary  con- 
ditions unless  the  driver  is  alone  in  the  car,  since  he  has 
the  steering-wheel  to  brace  himself  with.  A  deterrent 
to  making  a  quicker  stop  of  the  average  car  than  that  is 
the  danger  of  being  run  into  by  the  car  behind;  this  ob- 
tains in  the  majority  of  brake  applications  for  city  usage. 


The  average  driver  of  a  car  equipped  with  four-wheel 
brakes  will  not  make  quicker  stops  than  he  could  make 
with  a  car  having  rear-wheel  brakes  only,  in  more  than 
perhaps  5  per  cent  of  the  decelerations  he  effects.  Th;s 
indicates  that  the  increased  load  upon  the  front  axle  is 
incurred  very  rarely. 

I  have  driven  cars  equipped  with  four-wheel  brakes 
that  were  capable  of  locking  all  wheels,  making  stops  in 
the  least  distance  possible  without  causing  the  front- 
spring  bumpers  with  which  the  cars  were  equipped  to 
strike  the  under  frame  violently,  but  these  same  cars 
would  strike  the  bumpers  most  violently  when  run  over 
a  depression  in  the  road  at  high  speed,  showing  that  the 
front-wheel  brakes  did  not  impose  as  great  a  static  load 
on  the  front  axle  and  its  parts  than  already  had  to  be 
provided  for. 

Most  conditions  in  connection  with  the  application  of 
four-wheel  brakes  can  be  met  very  easily,  though  only  by 
added  complications.  There  are,  however,  some  problems 
that  present  difficulties  such  as  (a)  the  avoidance  of 
locking  the  front  wheels  when  making  a  turn  with  the 
brakes  applied;  (b)  the  maintaining  of  sufficient  travel 
of  the  foot-brake  lever  after  taking  up  the  slack  to  leave 
still  enough  travel  to  apply  the  brakes  properly  after  a 
little  wear  has  taken  place  and  (c)  the  provision  of 
sufficient  leverage  to  apply  all  four  brakes  fully,  without 
undue  effort,  where  no  assistance  from  complicated  servo 
attachments  is  used. 

This  problem  is  exceedingly  great  in  the  case  of  heavy 
cars  as,  with  rear-wheel  brakes  only,  it  is  difficult  to  pro- 
vide sufficient  leverage  to  lock  the  wheels  easily  and 
maintain  sufficient  travel  for  the  brake-pedal.  With  the 
same  leverage,  double  the  pressure  on  the  pedal  will  be 
necessary  to  lock  the  front  and  the  rear  wheels,  and  there 
will  be  double  the  slack  to  take  up.  This  may  result  in 
the  necessity  for  frequent  brake  adjustments,  even  though 
the  additional  front  brakeshoe  surfaces  may  give  double 
the  total  area  to  that  used  in  the  case  of  rear-wheel 
brakes  only.  Additional  problems  are  (a)  the  provision 
of  a  simple  means  of  adjustment  for  wear  on  each  brake- 
shoe  that  can  be  made  quickly  and  easily  by  the  average 
driver  and  (6)  the  maintenance  at  all  times  of  proper 
equalization. 


IMPORTANCE   OF   BETTER    AUTOMOBILE    HEAD 
LAMPS  AND  PROPER  ADJUSTMENT 


BY  R.  N.  FALGE  AND  \V.  C.  BROWN 


THE  accurate  construction  and  easy  adjustability  of 
automobile  head-lamps,  though  they  have  received 
much  attention,  are  still  susceptible  of  further  improve- 
ment. If  motorists  realized  that  the  road  would  be 
illuminated  better,  objectionable  glare  could  be  avoided 
and  a  better  and  safer  head-lamp  would  be  secured 
by  properly  adjusting  the  head-lamps  now  in  service, 
an  immediate  and  far-reaching  improvement  would  be 
effected. 

Views  are  given  of  tests  made  with  the  common  type 
of  head-lamp  with  a  parabolic  reflector  to  show  the 
effects  produced  by  placing  the  source  of  light  at  the 
focal  point,  by  moving  it  forward,  backward,  above  and 
below  this  point,  and  also  by  cylindrical  flutes  in  the 
glass  and  by  horizontal  prisms.  The  head-lamp  is 
shown  to  be  very  sensitive  inasmuch  as  the  distances 
from  the  filament  to  the  reflector  are  very  short  when 
compared  with  those  to  which  the  light  is  projected. 
A  type  of  lens  is  described  that  will  compensate  for  the 
commercial  variations  in  the  position  of  the  filament 
and  at  the  same  time  distribute   the  light  effectively, 


converging  or  diverging  the  rays  laterally  while  main- 
taining the  top  or  cut-off  substantially  at  the  level  of 
the  head-lamp.  As  the  maximum  intensity  should  be 
placed  as  near  to  the  top  as  possible  to  illuminate  the 
road-bed  most  effectively,  and  as  the  eye  accommodates 
itself  slowly  to  changes  of  intensity,  the  lens  takes  ad- 
vantage of  these  characteristics  by  spreading  and  bend- 
ing the  light  in  each  zone  by  different  amounts. 

The  requirements  are  given  for  the  uniform  and  sat- 
isfactory service  of  lamps  and  of  such  parts  as  fila- 
ments, sockets,  reflectors,  lenses,  doors  and  mountings, 
the  underlying  idea  being  the  use  of  devices  that  will 
obviate  the  necessity  for  focusing  and  leave  to  the 
motorist  only  the  simpler  adjustment  of  aiming. — 
[Printed  in  the  July,  1923,  issue  of  The  Journal.] 

THE   DISCUSSION 

Dr.  C.  H.  Sharp  : — The  head-lamp  situation  is  of  vital 
importance  to  the  automobile  industry.  If  head-lamp 
conditions  on  the  road  are  not  improved,  laws  regulating 
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conditions  ;ire   likely  to  become  more  drastic  and 
nore  chances  there  will  be  for  trouble  that  will  rear' 
directly  upon  the  whole  automotive  industry.     Much  has 
been  done  in  the  guidance  of  legislation  bearing  upon  thi^ 
question.     This  has  been  done  to  a  large  extent  jointly 
the  Lighting  Division  of  the  Standards  Committee  of 
the   Society,    working   with    the    Committee    on    -Motor- 
Vehicle   Lighting  of  the    Illuminating   Engineering   So- 
that  took  up  the  question  about  6  years  ago  and 
een  working  at  it  from  the  illuminating  engineering 
point  of  view.     The  result  of  the  work  of  these  commit- 
has  been  to  formulate  testing  specifications  for  the 
approval  of  head-lamp  devices  and  in  putting  such  speci- 
fications before  the  State  officials  who  have  this  regula- 
tion in  hand,  giving  them  thereby  a  rational  means  for 
going  ahead  with  their  regulatory  functions.     The  dia- 
gram of  approved  practice  in  road  illumination.  Fig.   1 
paper,  i.-  very  similar  to  the  diagram  that 
:bes  the  official  tests  for  approval  of  head-lamp  de- 
vices to  go  on  the  road.     This  system  of  regulation  has 
a  long  way  in  this  Country.     Many  of  the  largest 
we   adopted    it.     Some  of  them,    notably    Cali- 


fornia, have  incorporated  it  directly  in  their  law.  Others 
have  taken  it  up  through  the  operation  of  their  adminis- 
trative officials. 

The  most  recent  progress  along  these  lines  has  been 
in  the  adoption  of  this  system  by  the  Conference  of 
Motor-Vehicle  Administrators  of  11  of  the  Eastern 
States,  covering  New  England,  the  Middle  States  and  the 
State  of  Ohio.  These  administrators  have  determined 
among  themselves  that  they  will  approve  devices  only 
after  they  have  passed  this  standardized  test  which,  by 
the  way,  has  been  adopted  by  the  American  Engineering 
Standards  Committee  as  an  American  Engineering 
Standard.  They  will  approve  devices  only  after  having 
passed  this  test,  and  then  only  after  the  device  has  been 
given  a  joint  consideration  by  the  administrators.  When 
specifications  of  this  kind  were  first  brought  out,  they 
were  made  very  lenient.  It  was  a  matter  of  common 
sense  and  good  policy  to  do  so.  Since  then,  as  a  result 
of  greater  experience,  they  have  been  tightened-up  and 
improved  all  along  the  line,  and  the  latest  form  in  which 
they  exist  and  which  has  been  approved  by  the  American 
Engineering  Standards  Committee  was  adopted  in  1922. 
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Under  the  older. specifications,  many  devices  were  ap- 
proved by  the  States  but,  owing  to  the  adoption  of  the 
later  specification  and  to  the  consideration  of  the  matter 
by  the  Committee  of  the  Motor-Vehicle  Administrators, 
a  very  large  number  have  now  been  weeded  out.  Under 
the  older  standard,  the  beam  had  to  be  deflected  down- 
ward, but  there  was  no  special  requirement  that  the 
beam  should  be  spread  laterally.  The  later  requirement 
has  introduced  this  lateral  spread. 

The  beam  limits  shown  in  Fig.  1  are  those  for  the 
laboratory  test  for  approval  of  types  according  to  the 
standard  specifications.  Fig.  2  shows  the  beam  pattern 
of  a  very  well-known  type  of  diffusing  lens  that  was  in 
use  at  the  time  the  early  specifications  came  out.  For- 
tunately, this  inefficient  device  falls  far  short  of  meeting 
the  present  specifications.  Fig.  3  shows  the  effect  of  the 
covering-up  of  the  upper  half  of  the  lens  and  pulling  the 


Fig.  4 — The  Beam  Pattern-  of  an  Early   Prismatic  Lens 

lamp  back.  That  produces  a  beam  pattern  which  brings 
in  the  points  Ri  and  P,.  but  does  not  include  these  wider 
spread  points  of  Qi  and  Q,.  Fig.  4  shows  the  beam  of  one 
of  the  prismatic  glasses  of  earlier  days  that  is  subject 
to  the  difficulty  mentioned  for  Fig.  3.  It  is  now  obsolete. 
Fig.  4  shows  that  the  lateral  spread  of  the  beam  was  not 
great  and  it  threw  a  great  amount  of  light  near  the  car 
where  it  was  ineffective  and  objectionable  on  account  of 
glare. 

Fig.  5  shows  the  beam  of  another  device  that  might 


B  - 

<■  p. 


Fig.  i5 — Distribution  of  Light  from  an  Approved  Head-Lamp 

come  in.  but  that  has  been  improved  greatly  since  that 
time  to  bring  it  into  accord  with  the  modern  require- 
ments. Figs.  6,  7  and  8  show  the  beams  of  modern  front 
glasses  all  of  which  are  approved  and  are  good,  although 
they  show  definite  individual  differences.  The  "best" 
for  any  driver  is  the  one  that  he  himself  prefers.  Fig.  9 
shows  a  beam  that  is  cut-off  very  sharply  above  and 
below.  This  is  open  to  certain  objections  in  that  it  does 
not  give  enough  light  in  its  upper  portion.  It  is  not 
safe  to  have  a  device  that  has  too  sharp  a  cut-off.  There 
must  be  some  light  up  where  the  branches  of  the  trees 
are,  where  the  load  of  hay  begins  above  the  wagon  wheels 
and  in  similar  places. 


Fig. 


-Beam   Pattern  of  a  Modern  Head-Lam? 


Fig.  5 — The  Emm  Pattep.n  of  Another  Early  Lens 


Table  2  gives  a  few  figures  on  the  results  of  testing 
operations  for  States  under  these  various  specifications. 
The  figures  given  are  taken  from  the  records  of  one 
testing  organization  only.  Table  2  shows  that  in  1918, 
under  the  several  specifications  for  New  York  State,  86 
devices  were  tested  and  55  were  approved;  for  Pennsyl- 
vania, 107  were  tested  and  80  approved;  for  Connecticut, 
68  were  tested  and  52  approved.  Then  the  specifications 
were  made  slightly  more  rigid.  In  1920,  for  New  York 
State,  28  more  devices  were  tested  and  enough  were  ap- 
proved to  bring  the  number  up  to  92;  for  Pennsylvania, 
8  more  were  tested  and  all  were  approved,  making  a  total 
of  88 ;  for  Connecticut,  9  more  were  tested ;  Maryland 
shows  66  tested  and  57  approved.  Massachusetts  had  a 
slightly   different   specification.     The   authorities    tested 
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re  approved.    Under  the  recent  action  of  the 
hide  Administrators  working  under  the  1. 
spec.  only   22  of  the  whole  lot  have  been  ap- 

proved. Many  of  these  earlier  devices  were  never  manu- 
factured; they  were  impractical  and  useless.  Others 
ected  to  some  redesign  that  brought  them  under 
a  new  form  number  and  thus  brought  them  under  ap- 
prov.  .  Pennsylvania,  the  reduction  from  98  to  22 

does  not  represent  a  mortality  of  good  things.  Of  all  the 
ught  to  have  died,  a  great  many  of  them 
•  lead  when  this  action  was  taken. 

TABLE.   2 — RESULTS  OP  TESTING  OPERATIONS 

Specifications  for 


ive  Tested 

York 
Pennsylvania    107 
•cticut         68 
and 


1918 

Ap- 
proved 

80 


Tested 

8 

9 

66 

58 


1920 

Ap- 
proved 

88 
i: 
57 


1922 
Ap- 
proved 
22 
22 
22 
22 
22 


-'2    specification    was 

Standards  Committee's  Lighting  Division  an<l 
the  committee  of  the  Illuminating  Engineering  Society 
have  pood   work   that   has   been   accepted   by  the 

•ii  for  handling  head-lamp 


Which  the  Beam 

I.OW 


devices,  but  the  committees  cannot  do  very  much  more. 
From  now  on  it  is  a  question  o(  the  enforcement  of  the 

law,  Of  the  education  of  the  men  who  drive  cars  am)  the 
men  who  build  cars.  The  work  that  the  committee  has 
started  and  brought  a  long  way  should  now  be  taken  up 
by  the  individual  members  of  the  Society.  The  system 
is  not  perfect  but  it  Is  a  good  one  and  the  members  of 
the  Society  ought  to  try  to  get  it  going.  The  sooner  ■ 
genera]  observance  of  the  questions  of  focusing  and  aim- 
ing of  good  head-lamp  devices  is  obtained  through  the 
general  enforcement  of  the  law  as  it  exists,  the  quicker 
the  industry  will  be  insured  against  some  drastic  action 
on  the  part  of  the  State  authoritii 

The  engineers  connected  with  the  manufacturing  com- 
panies can  do  much  by  Beeing  that  good  head-lamp  de- 
-  inclusive  of  front  glasses,  good  reflectors,  good 
sockets,  lamps  that  are  put  together  right,  and  lamp  sup- 
ports that  will  stay  adjusted,  are  put  on  their  cars.  All 
of  those  details  come  right  up  to  the  manufacturing  end. 
No  one  can  take  up  the  work  of  these  committees  and 
push  it  forward  to  a  successful  conclusion  better  than  the 
engineers  who  are  connected  with  the  manufacturing 
companies  throughout  the  Country. 

Chairman  B.  B.  Bachman: — One  point  brought  out 
by  Dr.  Sharp  is  particularly  pertinent  in  that  all  of  us 
who  are  engaged  in  the  construction  of  vehicles  are 
vitally  concerned  with  the  matter  of  uniformity.  The 
dissimilarity  of  regulation  in  the  various  States  is  the 
one  thing  that  has  given  us  much  concern;  certainly  it 
is  one  reason  why  we  should  endorse  and  support  an 
activity  of  this  sort  that  is  acceptable  to  the  authorities. 
As  engineers,  we  are  concerned  with  the  formulation  of 
regulations  of  this  sort. 

Alfred  Reeves: — The  manufacturers  are  keen  for 
laws  that  will  make  for  the  safe  use  of  motor  cars  on 
the  highways,  and  they  desire  to  equip  their  machines 
so  that  they  will  come  within  these  laws.  I  have  always 
had  a  very  high  opinion  of  Commissioner  Dill,  of  New 
Jersey,  and  his  fairness  in  dealing  with  these  matters. 
However,  I  call  Mr.  Shanley's  attention  to  the  fact  that 
materials  for  motor  cars  are  purchased  a  long  time  ahead. 
Our  legislative  department  endeavors  to  keep  the  manu- 
facturers informed  of  proposed  changes  in  legislation. 
.Most  of  the  laws  passed  allow  a  certain  amount  of  time 
for  changes  to  be  made  and  that  is  just  what  we  would 
like  to  have  done  in  connection  with  the  lighting  equip- 
ment. We  need  time  in  which  to  decide  what  should  be 
required  of  automobile  lighting,  and  then  the  manufac- 
turer should  be  allowed  time  in  which  to  comply.  Our 
t  difficulty  lies  in  the  fact  that  what  may  be  legal 
in  one  State  is  not  legal  in  another.  The  recent  ofT 
Commissioner  Dill  to  secure  some  uniformity  along  these 
lines  will  have  universal  support.  Ten  States,  I  believe, 
are  planning  to  cooperate  with  him  in  preparing  pi 

lation.    If  they  will  tell  us  their  requirements,  I  can 
ire  them  of  the  finest  kind  of  cooperation  from  the 
engineers  and  from  the  automotive  industry. 

A.  I  J.  T.  I.iijby: — I  have  been  on  the  Electrical  Equip- 
ment Division  of  the  Standards  Committee  for  a  number 
01  years  and  have  tried  out  a  number  of  different  head- 
lamp devices.  I  want  to  emphasize  what  Dr.  Sharp  and 
Mr.  Shanley  have  said  that  this  is  a  problem  to  which 
the   e  of   the    manufacturing   companies   should 

e  consideration. 

I.    i     CRITTENDEN: — At  the  Bureau  of  Standards,  we 

epeatedly   what    the   best    head-lamp  device 

.    \v<-  cannol  answer  that  question  because  we  do  noc 

know  and  could  hardly  publish  the  information  even   if 

did  know.     It  depends  to  a  great  extent  upon  one's 
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preference  as  to  the  distribution  of  light  on  the  road.  It 
also  depends  somewhat  on  the  speed  at  which  one  drives. 
There  is  a  widespread  interest  not  merely  to  know  what 
the  best  device  is  but  in  the  possibility  of  devising  a 
formula  that  can  be  used  by  the  authorities  everywhere. 
We  have  many  such  inquiries  from  State  and  city  author- 
ities who  wish  to  put  into  effect  some  kind  of  regulation. 
Fortunately,  we  felt  entirely  justified  in  recommending 
these  requirements  concerning  which  Dr.  Sharp  has 
spoken.  It  is  not  generally  known  how  much  labor  has 
been  spent  in  devising  these  regulations.  Engineers  of 
the  Society,  as  well  as  those  in  the  Illuminating  En- 
gineering Society  who  were  considering  the  matter,  have 
spent  many  an  evening  on  the  roads,  actually  trying  vari- 
ous devices  to  determine  what  limits  are  reasonable. 
There  are  wide  variations  of  judgment  as  to  what  is  rea- 
sonable. Regarding  light  that  blinds  the  eyes  of  another 
driver,  when  that  work  was  started  some  years  ago  there 
was  one  engineer  who  insisted  that  any  light  of  more 
than  100  cp.  should  be  forbidden.  The  compromise  finally 
reached  was  eight  times  that  amount  of  candlepower. 
Many  people  expressed  their  judgment;  the  Committee 
adopted  a  value  that  seemed  to  be  tolerable  and  attain- 
able by  available  commercial  products,  for  the  commercial 
situation  must  be  considered. 

The  view  we  have  taken  at  the  Bureau  in  dealing  with 
the  subject  is  that  uniformity  of  requirements  among 
the  States  is  essential,  although  reasonableness  and  prac- 
ticability are  equally  important.  We  invariably  refer 
State  and  city  officials  to  the  current  specifications  that 
have  been  worked  out  jointly  by  the  Society  and  the 
Illuminating  Engineering  Society.  This  development  of 
joint  action  among  the  Eastern  States  is  a  most  hopeful 
sign,  and  is  an  outstanding  example  of  most  effective  co- 
operation between  State  officials.  So  far  as  the  approval 
of  types  of  device  is  concerned,  it  seems  to  me  that  we 
have  gone  as  far  as  there  is  any  use  of  going  at  present. 
We  cannot  expect  now  to  get  requirements  that  will  be 
more  satisfactory  than  those  now  established.  Never- 
theless, the  report  comes  time  and  again  that  conditions 
on  the  road  are  worse  than  they  used  to  be.  That  is 
probably  because  there  are  more  cars  and  the  improve- 
ment in  the  adjustment  of  the  lights  has  not  been  great 
enough  to  counterbalance  the  growth  in  their  number. 
I  believe  that  the  average  car  is  in  better  shape  than  it 
was  a  few  years  ago  so  far  as  lighting  is  concerned,  but 
there  is  no  doubt  that  conditions  have  not  improved  as 
much  as  was  expected,  and  that  is  largely  because  this 
approval  of  devices  is  only  the  first  step.  In  fact,  some 
of  the  approved  devices  often  are  worse  than  a  plain 
glass  would  be,  so  far  as  throwing  light  in  the  eyes  of 
another  driver  is  concerned.  I  say  that  deliberately; 
some  of  them  are  worse  than  nothing  if  they  are  not  ad- 
justed properly.  Moreover,  a  majority  of  them  are  not 
adjusted  properly. 

To  bring  the  subject  before  the  police  authorities  in 
the  District  of  Columbia  we  made  inspections  recently 
on  some  400  cars.  They  were  taken  at  random  as  people 
came  in  in  response  to  an  invitation.  Of  these  400  cars, 
our  men  who  made  the  adjustments  considered  that  be- 
tween 5  and  6  per  cent  really  had  their  lights  adjusted 
properly.  Around  30  per  cent  had  them  in  fair  shape 
and  more  than  60  per  cent  were  positively  bad.  Of  the 
new  cars,  those  that  had  been  in  service  3  months  or 
less,  the  percentage  that  were  bad  was  nearly  as  great 
as  on  the  old  cars.  In  other  words,  of  the  cars  that  came 
out  from  the  dealers  within  the  previous  3  months,  more 
than  50  per  cent  had  lights  that  were  positively  glaring. 
That  is  somewhat  of  a  reflection  on  the  men  who  build 


and  sell  cars;  they  should  see  that  lights  are  in  proper 
condition  to  begin  with.  Our  view  is  that  the  next  step 
to  be  taken  is  that  of  education,  not  merely  of  the  build- 
ers and  the  dealers,  but  of  the  driver  who  must  keep 
lights  in  adjustment  and  of  the  garageman  so  that  he 
can  assist  in  it.  One  difficulty  is  that  there  is  no  profit 
in  it;  the  ordinary  garageman  is  not  concerned  with 
spending  time  on  a  car  unless  he  gets  some  profit  out  of 
it.  He  feels  that  he  cannot  charge  enough  for  adjusting 
lights  to  make  it  worth  his  while,  therefore  he  will  not 
bother  about  it.  That  is  the  point  of  greatest  difficulty 
at  present.  If  the  Society  and  other  organizations  can 
make  arrangements  that  will  make  it  appear  worthwhile 
to  the  average  garageman  to  give  more  attention  to  this 
problem,  either  through  direct  pay  for  the  work  or 
through  emphasizing  that  a  gain  in  good-will  and  in  ad- 
vertising ought  to  pay  for  it,  progress  can  be  made,  but 
the  next  step  is  this  campaign  of  education  and  the  So- 
ciety is  in  a  strong  position  to  help  it  along. 

Mr.  Crane: — What  is  the  best  opinion  about  the  use 
of  properly  adjusted  head-lamps?  In  other  words,  if 
one  is  driving  a  car  with  properly  adjusted  head-lamps 
on  a  road  insufficiently  illuminated  by  other  means,  is  it 
believed  to  be  necessary  to  shut  off  those  head-lamps  or 
to  dim  them  on  meeting  another  car?  In  the  vicinity 
of  New  York  City,  it  has  been  customary  for  some  years 
with  many  people  to  dim  their  head-lamps  or  to  cut  them 
off  on  meeting  other  cars  and,  in  my  opinion,  this  re- 
sults in  a  highly  dangerous  condition  that  frequently 
leaves  both  cars  with  insufficient  driving  illumination. 
So  far  as  I  know,  no  laws  have  taken  cognizance  of  this 
point,  except  in  Massachusetts,  and  I  know  of  no  regula- 
tions on  the  subject. 

James  J.  Shanley: — There  is  no  obligation  on  the 
part  of  any  driver  to  dim  his  lights  anywhere  in  New 
Jersey  and  no  such  legislation  is  contemplated.  My 
opinion  is  that  a  driver  should  not  be  compelled  to  dim 
his  lights.  I  see  no  necessity  for  it  if  there  is  a  proper 
device  on  the  car.  With  dimmed  head-lamps,  there  is 
altogether  inadequate  vision  of  the  road. 

Prof.  R.  C.  Gowdy: — I  have  been  interested  in  head- 
lamps for  several  years  and  have  done  considerable  road 
and  laboratory  testing.  As  a  result  of  this  experience  I 
believe  that  adequate  spread  and  uniformity  and  smooth- 
ness of  distribution  are  the  most  important  factors  in 
road  illumination.  More  attention  should  be  paid  to  the 
S  points  in  the  S.  A.  E.  Recommended  Practice  for  Head- 
Lamp  Illumination;  that  is,  to  the  light  on  the  road  43 
ft.  ahead  of  the  car  and  9  ft.  on  the  side.  I  am  not  sure 
that  the  present  values  should  be  included  in  the  legal 
requirements,  but  these  points  should  be  kept  in  mind 
when  engineers  are  selecting  devices  with  which  to  equip 
their  cars.  Uniformity  and  smoothness  of  distribution 
are  essential,  particularly  on  rough  roads. 

The  automotive  engineer  is  interested  in  making  cars 
pleasing  to  his  customers.  The  psychological  effect  of 
adequate  and  pleasing  lights  that  are  comfortable  to 
drive  with  has  much  to  do  with  the  pleasure  that  the 
user  obtains  from  the  car.  Mr.  Falge  mentioned  that 
the  two  things  that  go  wrong  with  head-lamps  are  the 
aiming  and  the  focusing.  I  do  not  know  that  the  aiming 
feature  can  be  cared  for  automatically,  but  I  think  the 
focusing  problem  can  be  solved.  It  is,  as  Mr.  Falge  has 
shown,  perfectly  possible  to  design  lenses  that  will  be 
self-compensating  to  a  certain  extent,  and  the  same  is 
possible  with  diffusing  reflectors.  The  compensation,  of 
course,  is  limited  to  certain  tolerances  or  variations. 

It  is  only  through  the  efforts  of  the  head-lamp  manu- 
facturers that  this  problem  can  be  solved  in  this  way. 
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The  lens  device  will  accomplish  the  result  by  a 
:.t  means,  but  both  of  them 
eliminate  the  focusing  that  is.  perhaps,  the  most  preva- 
lent source  of  trouble.  The  aiming  is  a  matter  of  educa- 
tion and,  if  sufficient  importance  were  laid  upon  it.  the 
public  would  finally  find  out  i  ma  lamp  ii 


how  to  locus  it.  for  the  latter  is  a  somewhat  more  diffi- 
cult operation. 

VY.    A.    McKay: — As   a    member   o\    the   Lighting    Di- 
ll of  the  Standards  Committee,   1   have  been  very 
active    for    a    considerable    period    in    working    with    the 
Illuminating   Engineering   Society   on   these  mi 

ification  and  test.  \\'e  feel  thai  the  specifications  de- 
veloped are  good  specifications  and  that  the  de\ 
which  meet  them  will  certainly  give  very  satisfactory  road 
illumination.  Perhaps  we  have  not  talked  enough  aboul 
this  before  this  meeting:  however.  I  hope  thai  .1-  B 
suit  oi  this  meeting  you  will  take  this  problem  to  heart. 
The  Lighting  Division  believes  in  the  spi  ms;  they 

were  worked  out  after  very  thorough  tests.  We  would 
like  to  have  your  cooperation  and  1  feel  sure  that  you 
will  give  to  us  greatei  ion. 


ECONOMIC  MOTOR-ELEL  VOLATILITY 


BY  STEPHEN    M.  LEE 


THE  paper  is  a  progress  report  supplementing  a 
previous  report  made  by  R.  E.  Carlson  on  the  same 
subject  and  covers  further  investigations  made  by 
the  Bureau  of  Standards  to  secure  data  that  can  be 
used  as  a  basis  for  estimating  the  effect  of  a  change 
be  gasoline  volatility  on  the  fuel-consumption  of 
cars  now  in  service  throughout  the  United  States.  Ac- 
tual tests  began  in  August,  1922,  to  determine  the  effect 
of  four  fuels  of  different  characteristics  on  the  number 
of  car-miles  obtainable  per  gallon  of  fuel,  as  well  as 
on  the  crankcase-oil  dilution.     The  earlier  paper  dis- 


cussed tests  run  in  summer  time.  The  present  paper 
treats  those  run  under  winter  conditions.  Observa- 
tions also  were  made  on  an  engine  which  was  set-up 
and  operated  in  the  laboratory  of  the  Bureau  under  test 
conditions. 

Descriptions  are  given  of  the  fuels  used,  the  test- 
cars,  the  apparatus,  the  tests  and  the  test  methods. 
The  paper  also  covers  a  continuation  of  the  crankcase- 
oil-dilution  investigation,  with  appropriate  accompany- 
ing data.  The  results  are  discussed  briefly. —  [Printed 
in  the  July,  1923,  issue  of  The  Journal.] 


WINTER    TESTS   SHOW   LOWER  MILEAGE   WITH 

HEAVY  ELELS 


BY  DR.  H.  C.  DICKINSON  AND  JOHN  A.  C.  WARNER 


SINCE  the  road-service  tests  of  the  four  special  fuels 
supplied  by  the  Research  Department,  made  under 

-  summer-weather  conditions,  gave  results  that 
were  deemed  inconclusive,  arrangements  were  made 
for  a  repetition  of  both  series  of  tests  under  the  winter- 
weather  conditions  of  1923  to  determine  whether  the 
relative  fuel  mileages  for  different  fuels  are  dependent 
on  the  temperature  at  which  car  operation  is  conducted. 
The  paper  is  a  report  upon  the  results  obtained. 

jr  fuels  that  bore  a  relation  to  those  used  in  the 

-  summer  tests  were  specified  and  means  adopted 
whereby  knowledge  of  their  quality  was  concealed  from 
the  pecial  emphasis  being  placed  on  crank- 


case  dilution  and  on  general  performance  as  reflected 
he  drivers'  comments.  The  method  of  test  was, 
for  the  most  part,  that  of  the  summer  of  192J,  with 
cars  operated  as  usual  by  their  regular  drivers,  the 
filling  with  fuel  and  oil  and  the  keeping  of  records 
being  wholly  in  charge  of  the  technical  staff  of  the 
company  concerned. 

The  details  of  procedure  are  presented,  together 
with  voluminous  tabular  data,  and  comment  is  made. 
A  consistent  and  important  decrease  in  mileage  for  the 
winter  tests  is  apparent.  The  conclusions  reached  are 
ted  in  detail,  as  a  summary,  under  six  divisions. — 
[Printed  in  the  July,  L92  of  The  JOURNAL.] 


SPARK-ADVANCE    IN    INTERNAL-COMBUSTION 

ENGINES 


BY  G.  B.   iPION 


\LTH  '   timing  of  the   spark   is   as 

eav  :,ark  itself  and  the  electrical  and 

mechanna!  di  .  jcing  the  spark  have  been 

many,  lit)  .       n  to  the  stud;. 

(park-advance.     An  error  in  timing  of   ±   20  deg.  in  a 
low-corn;  15  deg.  in  most  other 

has    been    shown    experimentally    to    cau-<-    a 
m  the  best  power  and  economy, 
.-'■mained   the   same.      Hand 
or   semi-automatic    control    can   average   hardly   closer 
thar.  •    advance    because    the 


d  and  the  lead  combinations  are  constantly  chang- 

•  .n  the  road. 
Two  important  phases  mark  the  spark-advance  prob- 
lem. The  practical  question  as  to  whether  the  require- 
ment of  '.jit i rn i] m i  park-advance  at  various  combina- 
tions of  load  and  speed  are  such  as  might  be  controlled 
automatically  is  apparently  answered  affirmatively;  it 
can  be  sa  i  nted  by  additive  functions, 

one  of  speed  only  and  one  of  load  or  intake-suction 
only.  Hand  adjustment  would  still  be  needed  to  take 
care   of    the   difference  between   a   clean   engine  and   a 
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dirty  one  or  of  a  cold  engine.  When  once  an  engine  has 
been  warmed  up,  however,  automatic  controls  could 
maintain  the  proper  spark-advance,  thereby  increasing 
in  practice  the  power,  flexibility  and  economy  of  the 
engine. 

The  second  phase  is  that  of  scientific  analysis.  In- 
asmuch as  combustion  takes  time,  and  as  the  engine 
is  rotating  during  the  combustion  process,  spark- 
advance  is  essential,  for  it  maintains  a  definite  relation 
between  the  progress  of  the  explosion  and  the  motion 
of  the  piston  of  the  engine.  This  relation  should  be 
such  that  half  the  rise  of  pressure  during  combustion 
would  occur  at  the  dead-center  position  of  the  piston. 
Analysis,  however,  both  theoretical  and  experimental, 
shows  that  one-half  of  the  pressure  rise  occurs  substan- 
tially at  three-fourths  of  the  explosion-time,  that  is, 
the  interval  between  the  point  of  ignition  and  the  pres- 
sure peak.  This,  then,  is  the  numerical  basis  for  the 
relations  of  explosion-time,  engine  speed  and  optimum 
spark-advance. 

The  existing  data,  relating  to  the  explosion-time  as 
affected  by  the  mixture-ratio,  the  size  of  the  combus- 
tion-chamber, turbulence,  dilution  with  dead  or  exhaust 
gases  and  the  temperatures  preceding  the  explosion, 
are  reviewed.  Density  is  shown  not  to  affect  the  explo- 
sion-time. The  factor  commonly  supposed  to  be  density, 
which  demands  an  increased  spark-advance  as  the  en- 
gine is  throttled,  is  in  reality  dilution  with  exhaust 
gas,  which  increases  as  the  throttle  closes,  and  the 
cause  of  the  faster  explosion  in  a  high-compression 
engine  than  in  one  of  low  compression  is-  the  tempera- 
ture preceding  ignition. 

A  simple  mathematical  law,  connecting  the  explosion- 
rate  and  turbulence  and  derived  from  experiments  on 
bombs,  is  shown  to  be  applicable  to  engines,  and  the 
manner  of  its  application  to  the  turbulence  factor  of 
any  engine  is  indicated.  This  opens  the  way  to  quan- 
titative experiments  on  turbulence  in  various  designs 
of  engine,  hence  to  the  development  of  designs  for  pro- 
ducing the  greatest  amount  of  turbulence,  if  such  de- 
velopment should  seem  desirable,  as  tm-bulence  is  the 
factor  that  makes  really  high  rotative  speeds  compat- 
ible with  a  good  power  output.  An  equally  important 
factor  in  making  explosions  in  engines  occur  more 
quickly  than  those  in  bombs  is  the  heat  produced  adi- 
abatically  during  the  compression  stroke. 

The  slowing-up  of  combustion  on  account  of  the 
dilution  of  the  charge  with  exhaust  gas  was  measured 
experimentally,  and  the  results  are  tabulated  and  com- 
pared with  the  numerical  extent  of  the  dilution.  As- 
suming that  the  dilution  ratio  is  the  ratio  of  the  total 
charge  to  the  quantity  of  new  gas,  the  slowing-up  of 
combustion  because  of  dilution  is  demonstrated  experi- 
mentally to  be  about  proportional  to  the  cube  of  the 
mass-dilution  ratio. 

The  scientifically  valuable  part  of  the  paper  is  the 
naming  of  the  factors  that  affect  the  explosion-time 
of  an  engine,  the  giving  of  mathematical  expressions 
for  their  laws  of  action  and  the  finding  of  the  numer- 
ical values  of  constants  for  such  factors  as  turbulence 
and  dilution.  The  measurement  of  the  optimum  spark- 
advance  is  made  available  as  a  research  method  for 
investigating  the  reaction  rates  of  combustion,  and 
hence  of  all  that  related  group  of  topics  now  of  inter- 
est to  automotive  engineers. 

By  measuring  the  optimum  spark-advance,  the  com- 
bustion rates  of  gasoline  with  and  without  "anti-knock," 
or  tetraethyl-lead,  were  measured.  Although  the  quan- 
tity used  was  20  times  the  normal  amount,  no  change 
in  the  reaction  rate  of  combustion  was  found  when  the 
combustion  remained  normal,  that  is,  without  detona- 
tion. When  .  detonation  occurred  without  anti-knock, 
the  reaction  times  with  anti-knock  followed  those  to  be 
expected  with  normal  combustion.  Detonation  appar- 
ently changed  the  combustion  habit  as  if   it  produced 


an  abnormal   top  to  the  combustion. — [Printed   in  the 
August,  1923,  issue  of  The  Journal.] 

the  discussion- 
chairman  Crane: — Carded  as  a  fuel  and  engine  ses- 
sion, this  meeting  is  simply  another  in  the  long  series 
that  we  have  found  to  be  desirable  to  enable  the  mem- 
bers of  the  Society  to  keep  abreast  of  the  work  that  is 
being  done  constantly  on  the  utilization  of  fuel.  One 
of  the  principal  activities  of  the  Research  Committee 
and  of  the  Research  Department  has  been  the  cooperative 
fuel  investigation  that  has  been  carried  on  at  the  Bureau 
of  Standards  for  the  Society,  the  American  Petroleum 
Institute  and  the  National  Automobile  Chamber  of  Com- 
merce. Through  the  courtesy  of  some  of  the  large  auto- 
mobile companies  in  Detroit,  the  Society  has  been  able 
in  addition  to  make  other  research  on  a  large  number  of 
cars.  Although  the  tests  have  been  different,  the  results 
of  both  series  are  extremely  interesting.  After  listening 
to  Mr.  Lee's  summary  of  the  work  done  at  the  Bureau  of 
Standards,  we  all  realize  that  there  is  an  immense 
amount  of  information  to  digest.  Road  tests,  as  they 
were  conducted  at  first,  were  very  limited  in  scope.  The 
Steering  Committee  had  to  be  educated  as  to  the  exact 
nature  of  the  research  work  and  the  tendency  was  to 
place  too  narrow  limits  on  the  experiments  to  be  made. 
As  the  work  progressed,  however,  the  scope  has  been 
widened  until,  during  the  last  6  months,  the  Bureau  has 
had  an  opportunity  to  begin  a  search  for  fundamental 
facts  regarding  the  amount  of  variation  and,  more  im- 
portant still,  the  cause  of  the  variation  in  the  fuel  con- 
sumption, or  the  fuel  performance,  in  fuels  of  different 
volatility. 

I  think  it  is  impossible  for  anyone  who  listens  to  Mr. 
Lee's  paper  for  the  first  time  to  begin  to  appreciate  what 
there  is  in  it.  It  is  worthy  of  the  most  careful  consider- 
ation by  everyone  who  has  anything  to  do  with  the  de- 
sign of  carbureters,  manifolds  or  engines.  I  hope  that 
everyone  who  is  interested  in  this  matter  will  read  the 
paper  carefully,  examine  all  the  facts  and  then  transmit 
to  the  Research  Department  any  questions  or  suggestions 
that  will  aid  in  clarifying  this  important  subject. 

Referring  to  Dr.  Dickinson's  paper,  I  call  attention  to 
the  point  of  view  of  the  driver  as  to  the  quality  of  the 
fuel  he  thought  he  was  using  and  what  he  actually  was 
using.  It  is  a  very  disturbing  thing  to  me  that  by  giving 
a  driver  a  low  initial  point,  or  considerable  volatility  be- 
low the  20-per  cent  point,  he  can  be  "kidded"  into  using 
a  fuel  with  a  very  high  end-point  without  noticing  the 
difference.  Whether  the  driver  may  or  may  not  have 
noticed  the  difference,  the  engine  "noticed"  it.  Mileage 
per  gallon  and  dilution  both  varied  with  the  high  end- 
point,  although  the  driver  thought  he  was  getting  a  good 
fuel.  In  fact,  the  "square"  fuel  was  not  picked  out  by 
the  drivers  as  being  good,  although  it  is  a  considerably 
better  fuel. 

Proper  handling  of  the  ignition  has  an  immense 
effect  on  the  satisfactory  operation  of  an  automobile  and 
on  the  economy  of  the  fuel  used.  Just  how  we  can  take 
care  of  the  automatic  features  that  are  necessary  to  cir- 
cumvent the  usually  dumb  driver's  method  of  handling, 
I  do  not  know.  The  driver's  handling  of  the  car  depends 
of  course  upon  the  locality  in  which  he  is  using  the  car. 
If  he  is  in  a  congested  area  where  a  great  amount  of 
acceleration  is  required,  he  is  likely  to  leave  the  spark- 
advance  at  the  point  at  which  he  can  accelerate  satis- 
factorily without  undue  knocking.  He  will  leave  it  there 
even  when  the  car  is  running  with  a  very  high  inlet- 
suction.    When  he  does  so  he  obtains,  of  course,  a  much 
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have  the  condit:  with  the 

mod-  ill  carbuv  hollow" 

pick-up.     This  holl  rbu- 

the  mixture,  or  Blow  combustion,  is 

knee.    A  higher  spark-adva 
•    getting  a  knock  when  the  car  is 
it  can  be  ird. 

Ti;  ':.  JR.: — In  r>  to  the  last  point 

r  Upton  brought   up,   that   the   anti-knock 
did  not  slow-up  normal  combustion,   the  curve 
rine  for  our  advertising  department;  it  does 
any  power  and  gi\'es  all  the  advantage 
.%  material.     Unfortunately,  that  condition  does 
to  be  wholly  true.     I  do  not   understand  why 
Upton  did  not  get  a  shade  of  difference,  be- 
r.en  an  engine  is  heavily  overdosed  with  anti- 
serial,  there  is  a  slight  decrease  in  the  power 
aused  apparently   by   the  slowing-down  of  the 
::.     It  is  not  great.     It  has  been  confirmed  two 
ree  times  on  the  track.    Top  speeds  are  not  so  high 
..mounts  of  anti-knock  material  are  used  as 
re  not  used. 
I  am  frank  to  admit  that  we  have  not  made  any  ac- 
advance   determination   such    as   Professor 
Upton  describes.     He  states  that  he  nsed  20  times  the 
..   quantity  of  anti-knock  material.     He  told  me  he 
per  gal.    That  is  just  a  little  more  than  we  are 
g  to  the  public  and  is  not  what  we  consider  a  heavy 
Another  thing  entering  there  is  that  the  effect 
•hmic.     The  anti-knock  material  must  be  multi- 
plied nearly  four  times  to  give  twice  the  effect.     I  be- 
that  five  times  the  amount  would  not  make  a  dif- 
ce  in  the  operation  that  could  be  detected  readily 
be  spark-advance.    I  shall  try  to  take  some  indicator- 
aring  on  this  point  to  get  the  actual  pressure- 
.  perfectly  normal  engine  having  no  tendency  to 
detonate;  for,  of  course,  each  engine  is  an  individual.    I 
rage  the  results  to  see  if  we  can  detect  any  dif- 
nce  from  or  can  confirm  Professor  Upton's  results. 

Herry: — We  are  familiar  with  the  very  hasty 

pective  survey  that  an  engineer  will  make  of  a  situa- 

how  he  will  draw  a  few  conclusions  and  go  ahead 

on  them.     It  is  always  gratifying  when  a  man 

ientific  turn  of  mind  makes  a  careful  survey  of 

'ield.  evaluates  each   little   item   carefully   and  con- 

•  'inclusions.     I   feel  very  much  gratified  to 

me  conclusions  I  drew  a  few  years  ago  have 

Bed. 

An   apparatus    ■  &,   put   on   an   engine   and 

d  that  ai  •   of  about  3  miles  per 

could  be  obtained  under  average  conditions.     I  se- 

jf  men  whom  I  red  to  be  the 

engineers    in  that   section.      I    watched 

■  are.     I  was  surprised  to  find  that  most 
in  flat  dist:  the  spark  so  that  the 

juld  not  detonate  when  the  car  was  accelerating 

from  low  speed;  that  is,  where  the  least  spark- 

i  be  used.    Then  they  drove  at  35  m.p.h.  on 

that  spark-setting.     If  one  will  set  the 

^king  an  average  car  and  observing  the 

gallon,  then  put  the  spark  where  it 

d  run  the  same  car  over  the  same  road,  he 

•   an  increase  of  about  '■',  miles 

■  ill  make  it  worthwhile  to  use  an  ap- 
ind. 

develop 

five  and  foolproof, 
'iat  an  automoti.  ■  <r  would 


not  find  fault  with  it  and  would  be  willing  to  put  it  on 
cars  of  his  own  production.  To  our  surprise,  we  found 
that  the  weak  element  in  the  whole  thing  was  the  cen- 
trifugal advance  that  we  have  been  using  for  so  long.  To 
show  what  the  trouble  was,  if  one  will  make  a  careful 
study  of  what  the  centrifugal  advance  is  doing  and  draw 
a  curve  based  on  the  speed  and  the  degree  of  spark-ad- 
vance, he  will  find  that  it  will  come  down  and  then  come 
up  on  the  regular  curve  when  he  runs  at  full  load  and 
low  speed.  If  the  jump  occurred  at  high  speed, 
would  not  notice  it  much,  but  at  low  speed  it  introduces 
rather  large  irregularities  in  the  performance.  We  had 
difficulty  '"  finding  apparatus  that  would  get  rid  of  the 
hunting  at  the  lower  end  of  the  curve.  I  am  pleased  to 
say  that  a  manufacturer,  who  became  interested  in  the 
problem  and  worked  with  us,  finally  succeeded  in  turning 
out  something  that  was  entirely  satisfactory.  He  made 
the  curve  run  straight  down  to  the  bottom. 

We  combine  that  with  a  sylphon  element,  which  is  sim- 
ply a  brass  cylinder  arranged  so  that  it  can  expand  and 
contract,  put  a  steel  spring  inside  it  and  a  linkage,  and 
let  the  suction  from  the  intake-manifold  go  in  through 
a  small  hole.  This  makes  a  strong  engine  that  has  no 
tendency  to  strike  or  hang  up  and  that  gives  a  motion 
which  is  directly  proportioned  to  the  suction  in  the  in- 
take-manifold. The  linkage  connect.-  the  intake-manifold 
with  the  regular  distributor  head  and  there  is  fine  com- 
pensation for  speed  and  for  suction.  One  of  these  pieces 
of  apparatus  was  installed  on  an  engine  about  2  years 
ago.  It  has  been  in  daily  use  in  a  car,  has  given  no  mora 
trouble  during  that  time  than  the  front  axle  and  .-■ 
to  be  foolproof. 

The  sad  part,  though,  is  the  patent  situation.  Accord- 
ing to  the  patent  laws  in  this  Country,  if  a  man  gets  an 
idea  that  has  any  utility  at  all,  even  if  it  is  only  a  par- 
tial idea,  he  can  get  a  patent  on  it.  One  man  noted  one 
phase  of  the  automatic  spark-advance  problem,  a  second 
man  another  phase  and  a  third  man  a  third  phase,  and 
they  took  out  three  separate  patents.  I  think  it  would  be 
impossible  to  develop  any  of  those  ideas  separately  and 
work  it  into  a  usable  automatic  spark-advance;  together, 
they  would  work  well,  but  no  one  man  controls  all  the 
patents.  As  a  final  word,  before  anyone  uses  an  auto- 
matic spark-advance  of  this  kind,  he  should  make  a 
ful  survey  of  the  patent  situation.  I  am  not  sure  thai 
the  work  I  was  interested  in  ever  will  result  in  a  pa 
but  the  apparatus  that  was  developed  there  is  thoroughly 
workable.  If  any  one  is  interested,  I  shall  be  glad  to 
iin  it  in  detail.  If  I  do  get  a  patent,  it  will  not 
stand  in  the  way  of  any  man  who  is  getting  out  a 
ignition  system.  I  am  not  an  ignition  man.  This  is  only 
a  sort  of  sideline  that  we  became  interested  in. 

W.  Spakkow: — One  of  the  interesting  I 
out  by  Professor  Upton  is  the  slow  rate  of  the  initial 
burning.  This  fact  must  not  be  overlooked  in  adopting 
any  automatic  device  for  advancing  the  spark,  or  in 
mating  the  rate  of  combustion  in  an  engine  from  the 
spark-advance  at  which  the  maximum  power  is  obtained. 
The  initial  burning  tent  analogous  to  the 

burning  of  the  fuse  of  a  firecracker  in  that  the  quantity 
of  material  burned  is  extremely  small,  although  the  time 
nmed  in  burning  this  small  amount  is  a  large  propor- 
tion of  the  total.  Some  engines  require  a  much  greater 
-park-advance  than  others  and  yet  show  no  lower  effi- 
ciency.  The  probable  explanation  is  that  in  both  en 
the  bulk  of  the  charge  is  burned  at  nearly  the  same  point 
in  the  cycle  and  in  nearly  the  same  time,  although  the 
initial  period  of  burning  of  one  is  much  longer  than  that 
of  th(  If  the  firecracker  just  mentioned  furnished 
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power  for  the  engine,  it  is  evident  that  doubling  the  fuse 
length  would  double  the  total  time  of  combustion.  The 
engine  power,  however,  would  not  be  affected  appreciably 
by  such  a  change,  provided  the  firecracker  proper  burned 
at  the  same  point  in  the  cycle  and  in  essentially  the  same 
time  as  before. 

It  seems,  therefore,  that  we  should  use  caution  in 
assuming  that  the  spark-advance  in  degrees  before  the 
top  center  represents  three-quarters  or  any  other  definite 
proportion  of  the  total  time  of  burning.  The  possibility 
is  too  great  that  some  minor  change  in  the  combustion- 
chamber  design  may  considerably  alter  the  total  time 
of  combustion,  without  changing  appreciably  the  point  in 
the  cycle  where  the  major  portion  of  the  burning  takes 
place.  I  know  of  a  case  in  which  the  screwing  of  a  short 
length  of  pipe  into  the  spark-plug  hole  and  then  putting 
the  spark-plug  in  the  end  of  this  pipe  increased  the 
spark-advance  required  very  much  but  did  not  change 
the  power  or  the  specific  fuel-consumption  appreciably. 

Prof.  R.  E.  Wilson  : — Regarding  the  effect  of  dilution 
with  exhaust  gases  on  the  rate  of  explosion,  the  data  for 
which  were  derived  experimentally  as  I  understand  it, 
might  not  the  observed  effect  be  due  merely  to  the  change 
in  the  pressure  at  the  time  the  combustion  began?  In 
other  words,  the  pressure,  at  the  time  of  ignition  is,  of 
course,  not  the  same  with  intake-manifold  suction  as 
without  it,  and  therefore  one  would  expect  the  initial 
rate  of  flame  propagation  to  be  different  and  in  the  same 
direction  as  it  was  found  to  be;  that  is,  the  flame  veloci- 
ties at  low  throttle-openings  corresponding  to  high  dilu- 
tions would  be  lower.  How  much  of  the  observed  effect 
was  due  to  dilution  and  how  much  to  pressure? 

A  second  point  on  which  I  am  not  clear  relates  to  the 
method  by  which  the  curves  in  Fig.  6  of  Mr.  Upton's 
were  obtained.  One  curve  for  flame  velocity  shows  a  con- 
stant velocity  throughout  the  time  of  burn ;  was  a  con- 
stant velocity  the  assumption  on  which  the  curves  were 
derived,  or  just  what  is  the  significance  of  the  figure? 

Prof.  G.  B.  Upton: — Regarding  the  effect  of  the 
change  of  pressure,  the  explosion-time  is  entirely  inde- 
pendent of  the  initial  pressure  or  the  density  of  the 
gases ;  it  has  nothing  to  do  with  them  at  all.  Laboratory 
experiments  have  covered  pressure  ranges  preceding 
ignition  of  the  order  of  75  to  1 ;  from  atmospheric  pres- 
sure to  a  pressure  of  1100  lb.  per  sq.  in.  The  time  of 
combustion  is  independent  of  the  initial  pressure,  at  least 
within  that  range,  which  is  very  much  wider  than  the 
range  covered  by  throttling  the  engine.  The  thing  that 
we  have  been  calling  a  pressure  effect  in  the  cylinder  is 
dilution.     It  is  not  pressure  at  all. 

As  to  Fig.  6,  I  made  an  initial  assumption  that  the 
flame  velocity  is  variable  and  that  it  varies  in  direct  pro- 
portion to  the  time  from  ignition,  starting  at  zero  and 
increasing  in  direct  proportion  to  the  time.  That  as- 
sumption is  not  true,  but  it  is  a  sufficiently  close  approx- 
imation so  that  a  geometrical  case  can  be  worked  out  and 
our  ideas  shaped  as  to  what  happens. 

Chairman  Crane: — During  the  last  2  years  we  have 
been  running  tests  on  an  engine  of  the  overhead-valve 
type  having  a  4  to  1  compression-ratio  and  a  rather  early 
inlet-valve  closing,  which  gives  probably  the  maximum 
actual  compression  for  that  ratio.  We  have  tried  the 
engine  with  both  single  and  double  ignition.  It  has  a 
perfectly  cylindrical  combustion-chamber,  with  diamet- 
rically opposite  spark-plugs  when  double  ignition  is  used, 
and  with  a  spark-plug  on  the  side  for  single  ignition. 
With  single  ignition  and  at  say  1200  r.p.m.  at  full 
throttle,  a  spark-advance  of  approximately  60  deg.  was 
required.      With    two    spark-plugs,    a    spark-advance    of 


about  35  deg.  will  give  the  same  result;  in  other  words, 
that  is  the  optimum  advance  in  each  case.  It  also  repre- 
sents equal  power  in  each  case  as  nearly  as  we  could 
measure  it  with  ordinary  brake  equipment.  It  is  obvious, 
however,  that  the  pressure  in  the  cylinder  when  ignition 
is  started  is  considerably  greater  in  one  case  than  it  is 
in  the  other.  I  would  be  much  interested  to  see  what 
effect  the  pressure  at  the  time  of  ignition  has  on  the 
explosion  time. 

Herbert  Chase: — As  I  understand  it,  Professor  Upton 
defined  the  explosion-time  as  the  time  from  the  passage 
of  the  spark  to  the  completion  of  the  combustion.  He 
speaks  of  the  completion  of  the  combustion  as  coming 
very  close  to  the  top  of  the  card.  Unless  our  eyes  de- 
ceive us,  we  know,  by  observing  almost  any  engine  run- 
ning without  an  exhaust-manifold,  that  the  combustion 
is  seldom  entirely  complete,  even  when  the  exhaust-valve 
opens  which,  of  course,  is  comparatively  near  the  end  of 
the  stroke.  Just  what  does  Professor  Upton  mean  by  the 
completion  of  the  combustion;  does  he  mean  that  the 
combustion  is  actually  complete  or  nearly  complete  at  the 
top  of  the  card  under  all  conditions? 

Professor  Upton: — The  case  of  spark-advance  cited 
by  Chairman  Crane  is  geometrically  interesting.  If  the 
two  spark-plugs  were  symmetrically  placed  and  cut  the 
flame  travel  approximately  in  two,  the  expected  change 
of  combustion  time  would  be  as  the  \/2  which  would 
change  the  spark-advance  of  60  deg.  to  about  32  deg.; 
he  said  it  was  35  deg.  Apparently,  he  gives  another 
check  on  what  I  said  was  the  empirical  law  of  the  effect 
of  the  distance  of  the  flame  travel.  The  explosion-time 
is  cut  in  proportion  to  the  square  root  of  the  distance 
of  the  flame  travel. 

Chairman  Crane: — The  point  that  I  wished  to  be  con- 
sidered was  that,  in  one  case,  the  start  is  under  entirely 
different  pressure  conditions  from  those  in  the  other  case. 

Professor  Upton  : — Earlier  in  the  compression  stroke. 

Chairman  Crane: — And  at  a  distinctly  lower  com- 
pression. 

Professor  Upton  : — Yes.  It  must  be  far  enough  away 
from  dead-center  f  60  deg.  would  be  rather  far.  The  start 
is  in  the  early  stages  of  the  flame  travel  when  it  has  not 
done  much,  and  the  rate  of  the  combustion  must  be  fixed 
more  toward  the  end  where  it  counts  most.  Of  course, 
the  spark-advance  must  be  affected  by  the  lower  initial 
compression.  The  reason  is  that  the  rise  of  the  tempera- 
ture during  compression  has  not  reached  so  high  a  stage 
at  the  time  of  early  spark-advance  as  it  would  reach  with 
a  later  spark.  The  temperature  produced  by  adiabatic 
compression  is  an  important  factor  in  the  spark-advance. 
The  higher  the  compression-ratio  is,  the  higher  the  tem- 
perature preceding  the  ignition  is  and  the  more  rapid 
the  combustion  will  be. 

I  think  Mr.  Chase's  eye  deceived  him.  When  an  engine 
is  running  at  full  load  and  high  speed  the  exhaust-pipe 
is  at  a  red  heat.  The  gases  are  hot  enough  to  be  red-hot 
and  to  make  the  exhaust  pipe  so.  They  would  begin  to 
be  red-hot  at  about  1000  deg.  fahr.,  and  the  exhaust  tem- 
peratures would  rise  to  1600  and  1800  deg.  fahr.  with 
full-power  operation  of  the  engine,  so  that  the  thing 
ought  to  look  red-hot. 

One  can  see  when  the  end  of  the  combustion  occurs  by 
a  spectroscopic  examination  through  a  window  in  the 
combustion-chamber.  The  end  occurs  slightly  after  the 
pressure-peak.  The  reason  is  that,  in  the  chemistry  of 
the  combustion,  neither  hydrogen  nor  carbon  can  burn 
completely  at  the  higher  temperatures  at  the  top  of  the 
combustion.  H,0  and  CO..  must  be  dissociated  partly  at 
the  extremely  high  temperatures  and  they  cannot  com- 
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■  it'll  the  tempera- 
sequently,  thi  me  chem- 

peak.    We  cannot 
matter  of  physical  chemistry. 

■  -  deceived  me,  but 

-  running  without  an  exh.. 

•n  the  exhaust  port  burning  as  far 

e.    It  may  be  that  gas  at  that  tem- 

eu  it  is  not  burning,  but   I  doubt 

If  it  is  visible,  perhaps  my  eon- 

■  rong,  but  1  still  think  that  oftentimes  the 

om  the  exhaust  of  an  engine  is  still  burn- 

e  port.     If  by  "complete  combus- 

•ig  up  of  all  the  oxygen  in  the  cylindi 

lay  well  occur  in  sonu  tl  or  near  the 

r'ter  burning  often  takes  place  when  the 

opens.     There  is  no  doubt  about   it  and   1 

belie  will    grant    that    1    am   correct 

in  ; 

PR  UPTON: — Possibly;  with  a  rich  mixture,   it 

le  to  burn. 
A  -      ::-E: — Would   the  early   opening  of   the   ex- 

some  effect  on  that? 
Pp.'  UPTON:— I  cannot   say  that   it   would  have 

mut:  If  the  gases   were  held   in  longer  with  a 

-valve  opening,  they  would  cool  a  little  be- 
fore '  e  turned  loose  but  it  would  not  make  much 
differ-  e.  I  am  inclined  to  think  that  a  visible  flame 
from  an  open  port  means  a  rich  mixture  and  that  com- 
bust.' •  -•  .11  going  on.  A  yellow  gas  would  mean  that 
the  carbon  part  was  still  unburned. 

Pp.-  \\'ils<  >n  :  —  Upton's    observation 

that  the  pressure  makes  no  difference  in  the  time  required 

for  the  explosion  is,  of  course,  very  interesting  and  an 

important  one.  I  wonder  just  how  it  can  be  reconciled  with 

Mr.    Hidgley*s    interesting    observations    in    which    he 

show-  "he  speed  of  the  flame  travel  is  proportional 

•  r  of  the  absolute  temperature  and  to  the 

f  the  charges?     Some  equations  were  worked 

out   '•  . '..ve  a  very   real   value  for  the  exponent   n, 

under  conditions  such  that  dilution  could  not  account  for 

in   other  words,    it   was   taking  care  of  the 

change  of  the  pressure  as  the  explosion  was  going  on. 

Professor  Upton's  experiments  would  appear  to  indicate 

that  •  ro. 

Mr.  MrDGLEY: — The  value  of  n  that  we  ha  ting 

it  it  irticular  way,  is  0.9.     The  value  found  by 

trea-  another  way  was  1.1.     The  Bpace  ve\ 

of  the  flame  would  be  the  same,  because  there  would  be 
-nuch  gas  and  twice  as  much  burning,  thus  re- 
quir  ame  time.     If  the  value  of  n  is   1.0,  .very- 

thing  Pertly. 

B.  W.  A.  Brewer: — The  data  that  have  been  presented 
that  it  is  not  possible  to  say  much, 
a  little  more  information  on  one  or  two 
nk  we  should  have  an  exhaust-gas  analysis 
of  ti-  lels  that  were  dealt  with  in  Mr.  Lee'i  paper 

beca  m    the    information    which   depends   on    the 

oper.  edle,  it  is  impossible  I  actly 

■  g  in  the  combustion  pro©  '' 

ing  the  fuel  needle  wider  for  th<- 
ild  lead  to  a  combustion  efficiency  that 
ich  indication  thus   tar. 
Mould  have.     We  migl  from  an 

exha  r  from  a  carbureter-charade- 

curve.     I  -re  included,  it  would  add 

much  /f  the  pi 

j    will    find    the    carburi 
the  complete  ret 


Mr.  Brewer: — In  that  type  of  carbureter  the  charac- 
teristic is  peculiar.     Was  it  a  Kingston  Carbureter? 
Stephen   M.   Lee:— A  Kingston   l.-i  carbureter  was 

used. 

Mr.  Krkwkr: — It  has  very  curious  methods  of  "rich- 

ing"   and   "leaning"   the  mixture   according   to   the   speed 
of  the  engine,  and  not   in  straight-line  curves. 

Chairman  Crane:     Those  curves  have  already  b( 
made  and  published. 

Mr.  Brewer: — Do  they  give  information  as  to  how 
much  "i-  what  percentage  of  the  combustion  has  been 
used  efficiently?  It  is  conceivable  that  although  the 
needle  may  have  been  opened  more  for  the  least -volatile 
fuel,  that  fuel  may  not  have  been  burned  at  all.  It  prob- 
ably has  been  burned  partly;  it  seems  likely  that  much 
of  it  has  been  discharged  into  the  exhaust,  and  this  fact 
might  account  for  the  flames  that  Mr.  Chase  mentioned. 
All  kinds  of  compounds  may  be  forming  in  the  exhaust 
that    we   have   attributed   to   something   which   may   not 

exist. 

Chairman  Crane: — The  Bureau  of  Standards  is  try- 
ing to  cover  all  these  points.  Mr.  Lee  will  tell  us  what 
information  is  to  be  published. 

Mr.  Lee: — If  two  fuels  such  as  B  and  D  are  used  under 
conditions  such  that  there  is  no  difference  in  the  fuel 
consumption  per  horsepower-hour  and  no  difference  in 
the  power  output,  it  is  evident  that  the  fuel  flow  was  the 
same  in  each  case.  Any  difference  in  needle-valve  open- 
ing would  then  seem  to  be  due  to  a  difference  in  the  fuel 
viscosity.  There  is  a  difference  in  the  viscosity  of  about 
10  per  cent  between  the  fuels. 

In  comparing  the  two  fuels,  the  characteristics  of  this 
particular  carbureter  did  not  seem  to  me  to  be  of  suffi- 
cient interest  to  be  put  into  this  report.  However,  they 
were  included  in  the  progress  reports  that  were  sent  to 
members  of  the  Steering  Committee.  . 

Chairman  Crane: — I  think  it  is  desirable  that  all 
such  information  should  be  published  for  the  benefit  of 
all  the  members  of  the  Society.  The  Steering  Committee 
is  not  trying  to  keep  anything  secret;  in  fact,  the  more 
widely  these  data  can  be  published  and  the  more  they  can 
be  thought  about  and  commented  on,  the  better  the  Steer- 
ing Committee  will  like  it.  We  cannot  begin  to  reach 
all  the  possibilities.  Mr.  Lee  showed  me  other  curves 
of  those  temperatures  that  I  think  ought  to  be  and  I 
hope  will  be  published.  They  are  not  exhaust-gas  anal- 
but  are  the  exhaust  temperatures  taken  from  the 
individual  cylinders.  They  gave  some  interesting  infor- 
mation on  the  very  faulty  distribution  that  is  known  to 
exist    in  this  particular  engine. 

Mr.  Brewer: — Could  we  have  a  few  examples  of  ex- 
haust-gas analysis  in  the  final  report  '.' 

Chairman  <  BANE:  —  I  hop.-  we  shall  have  them  lie- 
cause  I  think  they  are  desirable. 

Mr.  Brewer: — Especially  if  they  could  l>e  taken  from 
separate  valves  on  the  same  em 

I  IIRMAN  (rank: — We  can  try  to  do  that. 

W.    S.    JAMES:      One   point    that    should    be   taken    into 
ideration  is  the  burning  of  the  oil.     An  exhaust 
analysis  will    include  not  only  the  products  of   the  i 
bustioil  of  the  fuel,  but   also  the  products  of  the  combus- 
tion of  the  oil.     The  distribution  of  the  oil  may  be  | 
and,  for  the  study  of  distribution,  an  analysis  of  the 
alone  may  give  confusing  results. 

CHAIRMAN  CRAN1  i     Mr.  Brewer's  idea  is  one  that  I 

hold;  that  it  is  just  as  well  to  make  a  few  analyses  to  see 

whether  they  indicate  anything.     I  agree  with  Mr.  Lee 

fiould  not  be  any  noticeable  difference  in  the 

of  the  fm-l  as  Indicated  by  the  power-measuring  appa- 
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ratus;  the  apparatus  for  measuring  the  amount  of  fuel 
used  is  apparently  the  same  in  both  cases.  There  should 
not  be  very  much  difference  in  the  gases  coming  from 
the  exhaust  pipe,  but  if  the  information  were  available 
it  might  show  something. 

Mr.  Brewer: — In  view  of  the  low  temperatures  at 
which  these  tests  have  been  made  and  the  notoriously 
faulty  distribution,  I  think  it  would  be  unwise  to  jump 
to  a  general  conclusion  that,  because  certain  adjustments 
have  been  made,  the  results  of  the  combustion  are  at  all 
comparable.  They  may  not  be  comparable.  The  final 
results  may  be  more  or  less  comparable,  but  the  indi- 
vidual processes  may  be  entirely  different  without  con- 
firming the  conclusions  that  might  be  drawn  from  a  very 
much  more  detailed  examination,  if  that  could  be  had. 

Chairman  Crane: — As  I  have  explained,  when  we 
started  out  this  whole  investigation  was  rather  restricted 
in  scope.  To  begin  with,  the  Bureau  of  Standards  had 
a  limited  amount  of  money  to  spend,  and  only  gradually 
could  the  scope  be  widened  so  that  the  investigation  can 
be  conducted  on  really  broad  lines,  as  it  should  be.  Origi- 
nally, we  tried  to  find  out  whether  there  was  any  differ- 
ence between  the  fuels  in  the  mileage  to  be  obtained  per 
gallon  of  gasoline.  That  was  about  all  we  were  allowed 
to  attempt.  Even  if  we  found  that  the  mileages  were 
different,  we  were  not  supposed  to  know  very  much  as  to 
the  reasons,  but  only  that  the  fuels  wyere  different.  We 
are  now  trying  to  find  out  where  such  differences  are 
most  likely  to  occur,  and  when  those  points  have  been 
discovered  to  find  out  why  they  occur  at  those  points. 

We  ourselves  may  be  vulnerable.  We  know  we  are 
vulnerable  when  we  design  carbureters  that  have  a  very 
serious  viscosity  factor.  We  are  working  with  something 
that  is  evidently  bad  for  us  on  account  of  the  wide  va- 
riety of  fuels  we  must  use  and  the  wide  variety  of  tem- 
peratures that  we  encounter.  On  the  subject  of  viscosity, 
we  start  with  a  cold  engine  and  we  need  a  rich  mixture 
anyway,  but  we  finish  with  a  hot  engine.  I  suggested 
to  the  oil  companies  that  if  they  could  give  us  gasoline 
of  low  viscosity  when  it  was  cold  and  of  high  viscosity 
when  it  was  hot,  we  would  appreciate  it  greatly. 

C  H.  Kindl: — We  should  not  lose  sight  of  the  fact 
that  although  we  might  take  into  consideration  the 
throttle  effect  in  the  designing  of  a  mechanism  that  com- 
bines both  the  speed  and  the  throttle  opening  for  a  par- 
ticular engine,  yet  we  cannot  combine  in  that  design 
features  which  will  take  care  of  the  engine  after  it  has 
operated  for  5000  miles.  Variations  in  compression,  fuel 
ratios  and  carbon  in  the  cylinder,  affect  the  proper  opti- 
mum advance  so  that  the  delicate  adjustments  that  were 
made  primarily  are  almost  useless  and,  for  that  reason, 
a  lever  on  the  quadrant  of  the  steering-gear  must  be 
provided  so  that  the  operator  can  adjust  the  spark-ad- 
vance to  take  care  of  the  condition  of  the  engine. 

Although  we  may  provide  a  very  intricate  mechanism 
to  give  the  maximum  economy,  we  still  must  put  the 
whole  operation  into  the  hands  of  the  driver  to  take  care 


of  conditions  that  will  change  as  the  engine  becomes 
older.  In  that  light,  the  expense  and  complications  seem 
almost  useless  if  the  operation  cannot  be  taken  out  of  the 
hands  of  the  driver  entirely. 

C.  B.  Dicksee: — Some  tests  made  by  the  Westing- 
house  Electric  &  Mfg.  Co.  to  determine  the  effect  of  a 
change  in  the  mixture-strength  on  the  optimum  spark- 
advance  are  of  interest.  These  tests  were  made  on  a 
Westinghouse  single-cylinder  E-60  air-cooled  engine, 
having  a  3%-in.  bore  and  a  5-in.  stroke,  and  a  compres- 
sion-ratio of  4  to  1  at  the  time  of  the  test.  The  combus- 
tion-chamber was  cylindrical,  the  spark-plug  passing 
through  the  side  of  the  cylinder  at  right  angles  to  the 
diameter  on  which  the  valves  lie.  During  some  experi- 
ments to  determine  the  effects  of  the  mixture  on  the  cyl- 
inder temperature,  it  was  noticed  that  a  considerable 
variation  in  the  spark-advance  was  necessary  after  a 
change  in  the  mixture ;  therefore,  a  few  tests  were  made 
to  ascertain  the  relations  between  them. 

During  one  series  of  tests,  pressure-time  cards  were 
taken  on  a  Midgley  indicator  so  that  the  effect  of  the 
change  on  the  combustion  line  could  be  observed  and  also 
with  a  view  toward  obtaining  some  idea  of  the  time  re- 
quired to  produce  the  maximum  pressure  after  ignition. 
For  this  latter  determination,  some  means  of  locating  a 
point  on  the  pressure-time  diagram  definitely  is  needed 
urgently.  For  want  of  anything  more  definite,  several 
diagrams  were  taken  with  the  ignition  momentarily 
switched  off,  the  top  dead-center  position  being  obtained 
by  drawing  a  line  parallel  to  the  atmospheric  line  about 
half-way  up  the  diagram.  A  point  half-way  between  the 
points  of  intersection  of  this  line  with  the  compression 
and  the  expansion  lines  was  taken  at  the  top  dead-center. 
One  of  these  curves  was  transferred  carefully  to  a  piece 
of  thin  celluloid  that  was  graduated  in  5-deg.  divisions 
on  each  side  of  the  top  dead-center.  To  use  this  instru- 
ment, the  atmospheric  lines  of  the  instrument  and  of  the 
diagram  were  made  to  coincide,  and  the  celluloid  was  slid 
along  until  the  compression  lines  coincided  also.  It  was 
easy  then  to  determine  with  fair  accuracy  the  top  dead- 
center  and  mark  off  the  ignition-point,  which  was  ob- 
tained by  a  rotary  spark-gap.  This  method  is  open  to 
obvious  objections  but,  as  the  indicator  is  now  built,  no 
more  direct  or  accurate  method  seems  to  be  available. 
The  spark  position  was  obtained  by  advancing  by  steps 
till  a  further  slight  advance  produced  no  change  in  the 
speed.  This  method  is  not  to  be  compared  with  that  of 
taking  readings  at  different  settings  and  obtaining  the 
optimum  from  a  curve  of  results,  but  the  results  de- 
scribed here  are  a  preliminary  to  work  that  it  is  hoped 
to  carry  out  in  more  detail  in  the  near  future. 

In  all,  three  sets  of  readings  were  taken.  In  two  of 
the  sets  the  spark  position  was  adjusted  as  described  and, 
during  one  of  them,  pressure-time  diagrams  were  taken. 
In  the  third  set  the  spark  was  kept  constant  at  the  ad- 
vance called  for  by  the  chemically  correct  mixture  and 
pressure-time  diagrams  were  taken.     The  mixture  was 


Run  No. 

Speed,  r.p.m. 

Power  Developed,  b.hp. 

Fuel  Consumption,  lb.  per 

b.hp-hr. 
Mixture-Strength 

Spark-Advance,  deg. 
Time  to  Reach  Maximum 
Pressure,  sec. 


TABLE   3 — RESULTS  OF  TESTS  WITH  VARIABLE   SPARK-ADVANCE 

407   408   409   410  411  412   413   414    415  416  417  41S  419 

1,260  1,250  1,260  1,250  1,260  1.240  1.240  1,250  1,260  1,250  1.265  1,250  1.255 

5.90  5.97  6.00  5.82  5.71  5.24  5.04  4.66   6.06  5.85  5.61  5.24  5.45 


0.956  0.826  0.755  0.677  0.652  0.631  0.575  0.606  0.700  0.644 
12.0  12.5  13.1  14.4  15.1   16.3  18.1  19.3   13.4   14.5 


0.638 
15.6 


0.625 
16.8 


27 


26 


21 


587 

16.8 


31   45   61    30    27    24    24    35 
0.0049  0.0044  0.0041  0.0095  0.006°. 
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i    by 
full  throttle, 
pos- 
that   the   crank   passes   through   an 
0  min.  in  each  0.0  ind  facilil 

•!ie   measurements   from   the   diagrams. 
:>eriments  are  given  in  Tables  •'>  and 
results  of  the  test  in  which  the  ignition- 
lit  each  condition.      In  Table  4, 
ivance  was  maintained  constant. 


18 

.    . 

-    -        wa      no  >■  u  -:-A:-.a-.ci;  That  Is   P.e- 
es  and  the  resulting  fuct, 
and  Brake  Horsepower 

ilts  of  the  tests  are  shown  also  in  the  accom- 
10  indicates  the  spark-advance  nef- 
arious mixtures  and  the  resulting  fuel  con- 
and  brake  horsepower.    Fig.  11  shows  the  time 
he  maximum  pressure  plotted  against  the  mix- 
ture ,  both  when  the  spark-advance  is  varied  and 
ept  constant, 
be  seen  from  Fig.   10  that  the  spark-adv.: 
a   given   mixture-strength   does   not   agree 
thai   given  in  Fig.  1  of  Professor  Upl 
•  xperiments  gave  a  minimum  advance  when 
hf-mically  correct;  that  is,  15  lb.  of  air 
4   gasoline.     This  is  rather  what  one  would 
under  these  conditions,  the  dilution  is  a  mini- 
mur  ilely  of  residual  exhau-t    prod 
.1  differences  between  the  two  en] 
upo:  .vere  run,  one  beinjc  air  cooled  and 


■nbustion-chamber,  the  other  being 

h  the  valves  at  the  side  I 
hamber  that  is  shaped  very  differ- 
•"  •  ■  rob- 

TK-  nder  of  the  air- 


I 


16  "  If  |B 

•   re  Strength,  Air  per  Pound  of  Fuel,  lb. 

-    in    Which   the   Time  To   Reach   the   Maximum 
rm  aqajnst  tiii:  Mixture-Strength   fob 
a  Variable  and  a  Constant  Spark-ads  i 

cooled  engine  together  with  the  more  compact  form  of 
combustion-chamber  undoubtedly  will  tend  to  increase 
the  rate  of  flame  propagation  and  thus  reduce  the  ad- 
vance necessary;  and  also  it  may  influence  the  mixture 
at  which  the  maximum  propagation  is  produced. 

The  shapes  of  the  two  curves  also  differ  somewhat  in 
that  the  rate  of  change  of  ignition  with  the  mixture- 
strength  is  less  for  rich  mixtures  and  greater  for  lean 
mixtures,  according  to  our  test;  and,  with  the  15  to  1 
mixture,  a  sudden  change  in  direction  appears  that  pro- 
duces two  distinct  curves  instead  of  the  one  continuous 
curve  derived  from  Professor  Upton's  experini< 
These  differences  probably  are  attributable  to  the  differ- 
ence between  the  two  engines,  and  a  comparison  of  the 
results  given  by  widely  different  engines  should  help  to 
elucidate  the  influence  of  the  differences  of  design  on 
the  advance  necessary  and  on  combustion  problems. 

The  two  curves  shown  in  Fig.  11  do  not  agree  fully, 
as  the  time  to  reach  the  maximum  pressure  should  be  the 
same  for  both  curves  with  a  mixture  in  the  neighborhood 
of  15  to  1.  With  the  limited  number  of  diagrams  avail- 
able, however,  an  absolute  agreement  could  not  be  ex- 
pected but,  by  averaging  a  larger  number  of  diagrams, 
a  much  closer  agreement  should  be  obtainable.  The 
curves  do,  however,  give  a  general  idea  of  what  can  be 
expected. 

A  point  well  worth  noticing  is  shown  in  runs  Nos.  418 
and  419.  In  run  No.  418,  with  an  angle  of  advance  of 
24  deg.,  the  time  required  to  produce  the  maximum  pres- 
sure was  0.0095  sec.     Under  exactly  similar  conditions 
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but  with  the  spark  advanced  35  deg.,  the  time  to  pro- 
duce the  maximum  pressure  fell  to  0.0063  sec.  This  in- 
dicates that  the  time  required  to  produce  the  maximum 
pressure  with  a  given  mixture  varies  with  the  spark- 
advance.  This  is  clearly  shown  in  Fig.  12,  which  gives 
the  combustion  line  from  the  pressure-time  diagrams  of 
runs  Nos.  415  to  419,  the  difference  between  the  combus- 
tion line  for  Nos.  418  and  419  being  very  marked.  A 
further  investigation  of  this  point  would  form  an  inter- 
esting study  and  might  throw  light  on  the  phenomena  of 
combustion  in  a  closed  cylinder. 

As  already  indicated,  these  tests  were  of  a  preliminary 
nature  and  it  is  hoped  to  go  further  into  the  matter  at 
an  early  date.  The  figures  for  time  obviously  cannot  be 
considered  as  other  than  approximate,  on  account  of  the 
method  necessary  for  locating  a  point  on  the  pressure- 
time  diagrams.  A  similar  investigation  carried  out  on  a 
slow-speed  engine,  using  an  ordinary  indicator  but  with 
the  drum  rotated  by  a  positive  drive  from  the  crank- 
shaft, would  supply  some  very  valuable  information. 

Professor  Upton: — Mr.  Dicksee  raises  three  points; 
(a)  that  the  curve  of  the  optimum  spark-advance  versus 
the  mixture-ratio,  other  conditions  remaining  unchanged, 
is  perhaps  two-branched,  the  branches  joining  at  the 
theoretical  15  to  1  ratio;  (b)  that  the  time  of  the  half- 
pressure  rise  is  highly  variable  from  the  value  of  0.75 
of  total  combustion  time,  given  as  good  in  my  paper  and 
(c)  that  the  time  of  combustion  is  itself  variable  with 
the  spark-advance  and  is  shorter  with  the  greater  ad- 
vances. 

The  weight  of  evidence  is  against  the  idea   (a)    that 


s  See    High-Speed    Internal-Combustion    Engines,    by    Arthur    W. 
Judge. 


this  curve  is  two-branched.  Figs.  1  and  2  of  my  paper 
show  that,  in  the  bomb  experiments,  the  curves  of  the 
combustion-time  versus  the  mixture-ratio  are  single 
curves.  We  have  taken  many  curves  in  our  own  engine 
work,  such  as  those  of  Fig.  3,  and  all  are  of  the  type  of 
Fig.  3.  We  estimate  the  accuracy  of  the  hand  setting  for 
the  optimum  advance  by  watching  the  dynamometer,  at 
about  ±  5  deg.  If  Mr.  Dicksee  will  apply  this  probable 
error  to  the  points  with  which  his  curve  is  plotted,  he 
probably  will  concede  that  his  curve  need  not  be  two- 
branched. 

As  to  (b),  I  have  summarized  in  Tables  1  and  2  of  my 
paper  the  type  of  our  results  with  indicators,  taking 
pressure-time  curves  on  a  low-speed  engine.  The  range 
of  variation  of  the  factor  is  0.65  to  0.85  for  individual 
observations  and  0.71  to  0.81  for  averaged  groups.  The 
factor  seems  to  depend  on  the  mixture-ratio,  being 
greater  for  lean  mixtures.  We  have  no  indicator-cards 
of  our  own  from  speeds  above  1000  r.p.m.;  but  the  cards 
published  by  Judge3  fall  in  this  same  range  of  values. 
The  value  0.75  was  suggested  only  as  a  fair  average. 

In  regard  to  (c),  Table  1  of  my  paper  shows  perhaps 
the  same  tendency  as  is  noted  by  Mr.  Dicksee,  though  in 
a  much  less  degree.  It  shows  in  our  data  only  on  lean 
mixtures.  One  might  expect  the  combustion  to  be  some- 
what quicker  with  an  earlier  spark,  because  the  turbu- 
lence is  then  greater,  especially  in  a  valve-m-head  en- 
gine. But  this  turbulence  effect  might  be  overcome  by 
the  fact  that  the  compression-ratio,  during  the  early 
stages  of  combustion,  is  lower  with  an  early  spark  than 
with  a  later  one.  This  phase  of  the  problem  is  complex 
and  probably  very  much  a  matter  of  the  individual 
engine. 


WIRE  WHEELS 

(Concluded  from  p.  204) 


precision  fit.  The  method  of  machining  the  driving 
iiange  is  somewhat  novel,  although  it  has  been  known 
to  many  who  are  familiar  with  lathe  backing-off  attach- 
ments that  are  used  for  making  form  milling-cutters, 
hobs  and  the  like.  The  mechanism  for  machining  the 
hub  corrugations  is  a  specially  developed  engine-lathe, 
driven  by  gears  of  the  correct  ratio  to  produce  the  re- 
quired number  of  in-and-out  motions  of  the  tool-slide, 
which  is  connected  to  an  eccentric  shaft  of  a  certain 
throw  corresponding  to  the  depth  of  the  corrugation  re- 
quired. The  taper  is  obtained  by  setting  the  tool-slide 
at  an  angle  with  the  corresponding  hub-shell  driven  mem- 
ber, which  in  turn  is  made  equally  accurate  on  a  coining 
press. 

The  positive  locking  hub-cap  shown  in  Fig.  5  consists 
of  two  principal  members,  the  inner  member,  known  as  a 
corrugated  sliding  barrel  fitting  into  similar  corruga- 
tions in  the  outer  member  or  hub-cap  proper.  This 
sliding  barrel  is  held  under  tension  by  four  springs, 
having  approximately  15-lb.  pressure  per  spring,  and 
the  barrel  in  operation  having  a  movement  of  approxi- 
mately %  in.  The  barrel  is  operated  by  a  special  wrench 
with  a  puller  and  cam  lever  so  that  the  full  travel  of  the 
oarrel  is  obtained  by  moving  the  lever  through  180  deg. 


In  assembling  the  cap  to  the  hub,  it  is  necessary  first 
to  withdraw  the  sliding  barrel  by  using  the  wrench  and 
its  attachments;  the  hub-cap  then  is  screwed  into  place 
and  the  sliding  barrel  is  released.  The  wrench  should 
then  be  tightened  more  and,  upon  reaching  its  proper 
position,  the  teeth  on  the  inner  end  of  the  sliding  barrel 
snap  into  mesh  with  the  corresponding  teeth  on  the  hub 
itself,  giving  an  absolutely  positive  engagement  until  the 
sliding  barrel  is  again  withdrawn. 

Although  we  believe  that  the  wire-spoke  wheel  is  the 
best  that  can  be  made  for  automobiles  at  the  present 
time,  developments  have  often  been  brought  about  that 
have  caused  a  reversal  of  what  has  seemed  to  be  well 
founded  experience;  and  it  may  be  that,  in  the  future, 
a  wheel  will  be  developed  that  will  embody  the  good 
points  of  the  wire  wheel  and  perhaps  have  certain  ad- 
vantages over  it.  What  kind  of  wheel  this  will  be  we 
do  not  know,  but  so  far  as  our  present  knowledge  goes, 
we  believe  that  a  steel  wheel  is,  without  question,  better 
than  a  wood  wheel,  and  that  a  wire  wheel,  properly  built, 
is  the  logical  wheel  for  an  automobile,  whether  consid- 
ered from  the  viewpoint  of  safety,  strength,  economy  or 
appearance.  [The  discussion  of  this  paper  is  printed 
on  page  211.] 
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ABSTRACT 

THE   five  types  of  final  drive  now  in  use  on   motor 
vehicles   are  stated   by   the   author   to   be    (a)   the 
chain-and-sprocket,   (b)   the  bevel-gear,   (c)    the  worm- 
-.    (tf)    the  double-reduction  and    (c)    the  internal- 
The  advantages  of  each  type  as  emphasized  by 
.aker  are  presented  and  commented  upon,  and  the 
same  procedure  is  followed  with  reference  to  their  dis- 
advanta. 

Following  these  comparisons  of  the  different  drives, 
which   cover  about   the  first   third   of   the   paper,  the 
bearing  loads  and  shaft  stresses  of  typical  semi-float- 
ind  full-floating  axles  are  calculated  for  the   con- 
u    (a)    maximum   torque   plus   the  normal    radial 
load  on  the  wheel,   (b)    the  wheel  locked  and  skidding 
ard  when  the  brakes  are  applied  and  (c)  the  wheel 
skidding  sidewise  while  the  truck  is  moving.    A  tabula- 
tion  of   the   results   obtained    from   the   mathematical 
calculations   is    included.     The  author  concludes   from 
these   results   that  while  the  maximum   shaft-stresses 
are  practically  the  same  in  both  designs,  the  shaft  in 
the  full-floating  axle  can  be  made  lighter  and  that  a 
higher  factor  of  safety  should  be  employed  in  the  semi- 
floating  axle  since  the  bending  stresses  are  continually 
rsed.      As    the   bearing   loads    in    the    full-floating 
axle  -ably  high'  f    bending   mo- 

ment is  imposed  on   the  axle  housing,  thus  inert;* 

production  cost  of  this  axle  because  of  the  neces- 
sity for  hea .  rigs  and  axle  housing. 

last  third  of  the   paper  is   profusely  illustr;. 
with  photographs  and  drawings  of  various  types  of  rear 
axle.    These  include  the  rear  axle  of  the  Class  B  truck, 
as   well   as   commercial   examples   of    the   worm    <i 

-i  axles  with  load-carrying  members 
-    :  iction  axles  and  an  ex- 
'  a  chain  final-drive.    [Printed   in  the  Au. 
I  The  Journal] 

THE   D  ION 

.-:— At  th<  Chairman  H. 

iewed  the  excellent  display  of  truck 
in  Mr.  Favary's  paper,  with  re- 
irdization.    T 

for  a  con 


arduous  study  of  the  design  of  each  type  of  axle 
and  a  careful  comparison  of  points.  Naturally,  1  have 
not  had  the  time  to  make  such  a  study. 

A  casual  glance  through  Mr.  Favary's  paper  by  a 
member  of  the  Society's  Standards  Committee  will  causi 
him  to  contemplate  with  awe  the  enormous  investment 
in  axle  spare  parts  it  must  entail  to  service  the  differ- 
ent makes  of  motor  truck  already  in  opi  Further 

temptation  multiplies  this  by  the  amount  of  <lill'< 
manufacturing    tool    equipment     necessary     to    pro. 
them,  and  the  terrific  expense  it  must  entail  to  keep  the 
many    little    armies    of    salesmen    each     fighting    their 

(led  battles  over  unimportant  detail.  I  I 
enumerated  12  features  of  the  various  axle  de- 
-  that  seem  to  offer  more  or  less  attractive  fields  in 
which  to  pursue  the  well-defined  and  enormously  profit- 
able policy  of  standardization,  that  has  been  steadfastly 
fostered  by  the  Society  of  Automotive  Engineers.  These 
are  included  in  my  paper  Notes  on  Motor  Trucks. 

The  various  types  perform  exactly  similar  functions 
in  a  variety  of  ways;  («)  they  support  the  springs  on 
which  rests  the  weight  of  the  body  and  the  pay  load; 
carry  the  brakes;  (c)  are  supported  by  the  wheel 
bearings;  and  (d)  carry  the  parts  that  transmit  the 
engine  torque.  For  equal  loads,  stresses  and  similar 
points  of  attachment,  it  is  natural  to  think  that  the 
same  bearings  and  proportion  and  size  of  parts  will 
serve  as  well  on  one  axle  as  on  another.  In  this  light 
we  can  investigate  the  present  subject  by  comparing  the 
similar  aspects  of  the  various  axles. 

The  range  of  truck  sizes  to-day  can  be  divided  roughly 
into    seven    categories    as    indicated    by    their    pay-load 
capacities;   namely.   %,   1,    l'j,  2'L.,  31-,   5  and  7' 
sizes. 

All  types  of  rear  axle  are  now  so  perfected  and  perforin 
BO  well  that  a  standardization  of  all  assembly  dimension! 
is    the    next    important    move    in    the    progress    of 
industry. 

0.  M.  BURKHARDT: — The  duties  of  a  rear  axle  are 
numerous.  It  must  cany  a  large  part  of  the  chassis  load 
and.  in  addition,  a  still  larger  part  of  the  weight  of  the 
body  and  the  useful  load,  transmit  the  engine  power  to 
the  wheels  and  transmit  the  tractive  effort  or  propulsive 
The  containing  casing  must  resist  the  torque  dufl 
he  drive  and,  in  the  case  where  torque-rods  are  used, 
it  must  also  resist  the  braking  load.  From  this  state- 
ment it  is  fairly  evident  that  a  clear  picture  of  the  pro- 
portions  and  •      involved  must    bi  i    before 

final  word  can   l.e  said  as  to  what   type  of  axle  is  to 
In    'ii  for  a  particular  type  of  vehicle.     In  thi 
■   we  are  very  much   interested   in  Mr.   Favary's  in- 
on   of   analyzing    the         .      i       involved    in    diffei 

Boating  and  full-floating  axles,  and 
that  th;  included  the  internal-gear,  double- 

■  ion  and  chain  di 
■  ii  rating  ftrsl  "n  a  comparison  between  the  semi- 
and  the  full-floating  types  of  axle,  we  have  within 
e-Arrow  Motor  far  Co.  a  number 
direct  comparison.     F,or  instance,  we  are  using 
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semi-floating  type  in  all  of  our  passenger  cars  and  on 
the  2-ton  trucks,  and  the  full  floating  type  of  axle  on  our 
3Tj  and  5-ton  trucks.  The  reason  for  this  is  entirely  a 
matter  of  calculation.  For  instance,  to  withstand 
properly  the  stresses  of  combined  torque  and  bending, 
in  the  case  of  the  2-ton  truck,  our  live-axle  shafts  work 
out  to  be  of  such  size  that  no  designer  would  care  to 
go  beyond  it.  The  shaft  approaches  such  dimensions 
that  the  effect  of  heat-treatment  begins  to  be  question- 
able, because  it  is  evident  that  heat-treatment  is  most 
effective  on  thin  sections.  Hence,  if  we  come  to  shafts 
of  more  than  2?,4-in.  diameter,  the  most  desirable  proper- 
ties are  not  obtainable  from  the  steel.  In  other  words, 
the  shaft  diameter  of  our  2-ton  truck  seems  to  form  a 
distinct  line  of  demarkation  as  to  how  far  one  can  go 
with  the  semi-floating  axle.  It  is  the  simplest  and  cheap- 
est design  for  vehicles  of  less  than  12,000  lb.  gross 
weight,  but  it  is  impractical  for  anything  above  this 
gross  weight. 

The  full-floating  type  of  axle  is  somewhat  more  ex- 
pensive, but  as  it  is  possible  to  separate  the  bending 
stresses  from  the  torque  stresses  with  this  type  of 
design,  we  have  a  logical  stepping-stone  to  another  cate- 
gory of  vehicle;  namely,  those  above  12,000-lb.  gross 
weight.  The  larger  bending-stresses,  due  to  the  load 
of  the  vehicle,  are  taken  by  a  large-diameter  load-carry- 
ing tube,  and  the  torque  stresses  are  taken  by  a  solid 
axle  surrounded  by  the  load-carrying  tube.  The  calcula- 
tions show  that,  for  vehicles  of  more  than  12,000-lb. 
gross  weight,  the  load-carrying  tube  and  the  torque- 
transmitting  axle  are  lighter  than  a  single  member  tak- 
ing both  torque  and  bending.  Further,  we  have  a  line  of 
demarkation  on  the  2-ton  model  or  12,000-lb.  vehicle  with 
regard  to  radius  and  torque-rods.  For  instance,  in  our 
larger  trucks  we  use  radius  and  torque-rods  because  the 
stresses  imposed  on  the  springs  due  to  torque  reaction 
would  be  so  great  that  the  springs  would  need  to  be 
much  stiffer  without  these  members,  to  reduce  the  fiber 
stresses  properly.  In  case  of  the  2-ton  truck,  we  found 
that  we  were  able,  with  the  springs,  to  take  care  of  the 
torque  reaction  without  coming  into  excessive  spring 
sizes.  However,  it  cannot  be  denied  that  if  a  spring  is 
designed  stiff  enough  to  take  care  of  the  torque  reaction, 
the  riding  qualities  of  the  vehicle  are  impaired.  The 
springs  are  then  stiffer  than  is  necessary  to  carry  the 
static  load!  In  the  case  of  the  truck  the  riding  qualities 
are  not  so  important  and,  as  price  is  of  some  considera- 
tion, this  condition  in  which  the  springs  take  care  of 
the  torque  reaction  is  tolerable ;  but  in  the  case  of  the 
passenger  car,  in  which  the  riding  qualities  are  of 
supreme  importance,  a  torque-rod  must  be  introduced 
to  relieve  the  springs  of  any  other  duty  except  that  of 
supporting  the  load. 

With  regard  to  the  other  types  of  axle,  the  internal- 
gear  axle  is  losing  in  favor  because  of  the  great  difficulty 
of  keeping  the  gears  well  lubricated,  preventing  oil 
leaking  out  to  the  brakes  and  securing  a  reasonable  life 
for  the  gears.  The  internal-gear-drive  axle  is  by  far 
the  simplest,  lightest  and  cheapest;  but,  because  of  the 
disadvantages  that  have  been  mentioned,  the  axle  is 
losing  in  favor. 

The  double-reduction  axle  occupies  the  extreme  posi- 
tion, that  diametrically  opposite  to  the  internal-gear  axle. 
It  is  by  far  the  heaviest,  the  most  complicated,  the  costli- 
est and  the  most  difficult  axle  to  repair  and  maintain  in 
good  condition.  Therefore,  the  double-reduction  axle  has 
very  few  admirers  or  adherents  at  present. 


'See  Mechanical  Engineering.  November,  1920,  p.   613. 


The  worm-drive  axle  occupies  a  position  in  between 
the  two  extremes.  It  is  somewhat  heavier  than  the 
internal-gear  type  but  is  lighter  than  the  double-reduc- 
tion axle.  It  is  simplicity  in  itself;  outside  of  the  differ- 
ential, only  two  gears  are  required.  These  gears,  if 
properly  designed,  last  almost  as  long  as  the  truck.  The 
lubrication  is  taken  care  of  easily.  It  has  proved  con- 
tinuously to  be  a  highly  efficient  means  of  power  trans- 
mission. It  is  silent  in  operation,  lends  itself  to  a  sym- 
metrical design  of  case  and  it  makes  for  an  axle  that 
one  can  produce  in  quantity,  which  is  a  point  of  great 
importance. 

There  are  satisfactory  and  unsatisfactory  worm-gear 
axles.  In  my  opinion  the  best  practice  is  to  mount  worm 
gears  on  ball  bearings  throughout.  It  is  preferable  to 
anchor  the  worm  shaft  on  one  side  of  the  shaft  only,  so 
that  the  shaft  is  free  to  expand  without  cramping  itself. 
This  expansion  is  a  phenomenon  that  must  be  well  taken 
care  of  in  case  the  worm  shaft  is  to  be  mounted  in  taper 
roller-bearings.  For  instance,  if  the  worm  unit  increases 
200  deg.  fahr.  in  temperature  and  the  length  between  the 
bearings  is  15  in.,  we  have  a  total  expansion  of  about 
0.020  in.  The  bearings  must  be  protected  against  tight- 
ness ;  hence  they  should  be  fitted  with  not  less  than  this 
amount  of  clearance  at  room  temperature.  By  far  the 
best  practice  is  to  mount  the  worm  above  the  wheel. 
This  is  to  obtain  a  practically  straight-line  drive  from 
the  gearbox.  Lubrication  is  taken  care  of  easily  by  pro- 
viding little  troughs  in  the  worm  housing.  While  dwell- 
ing on  the  subject  of  bearings,  it  can  be  emphasized  that 
taper  roller-bearings  are  extremely  practical  where  end- 
thrusts  are  not  excessive  and  where  a  slight  end-play  is 
tolerable,  such  as  in  the  road  wheels. 

With  regard  to  the  design  of  the  worm  gear  itself,  we 
note  from  a  paper  by  Kalman  Heindlhofer,  Tests  on 
Rear-Axle  Worm-Drives  for  Trucks,'  that  worm  gears  of 
the  ordinary  design  are  subject  to  failure  unless  they 
are  made  of  the  proper  steel.  Mr.  Heindlhofer  gives  sev- 
eral illustrations  of  broken  worm-shafts,  and  he  cor- 
rectly emphasizes  that  the  failures  were  due  to  having 
made  the  worms  of  a  straight  carbon-steel,  instead  of 
from  an  alloy-steel.  There  has  been  an  innovation  in 
worm-gear  design,  emanating  from  England.  The  de- 
sign that  I  have  in  mind  is  known  as  the  FJ  type  of 
gear,  the  letters  being  the  initials  of  the  inventor,  F.  J. 
Bostock. 

These  FJ  gears  have  proved  to  be  extremely  success- 
ful. The  contact  area  between  the  teeth  is  truly  sym- 
metrical, instead  of  being  one-sided.  The  area  in  con- 
tact in  extreme  cases  is  five  times  as  great  as  in  the  or- 
dinary worms  of  the  involute  type.  The  rubbing  velocity 
is  only  about  30  per  cent  of  what  it  is  in  ordinary  worm- 
gears.  This  is  because  the  relative  motion  is  mostly  a 
rolling  one,  instead  of  being  wholly  a  sliding  motion.  In 
fact,  the  FJ  type  of  gear  is  closely  allied  to  the  spiral- 
bevel  gears.  This  decrease  in  sliding  velocity  and  almost 
pure  rolling  velocity  permits  a  considerable  increase  in 
load.  It  has  been  found  that  the  torque  capacity  of  these 
gears  is  25  to  40  per  cent  greater  than  that  of  gears  of 
the  ordinary  involute  design.  A  peculiar  inefficient 
characteristic  of  involute  design  is  that  the  extremities 
of  the  lines  of  contact  travel  toward  each  other  until 
they  meet  and  vanish  somewhere  near  the  center  of  the 
gear.  This  explains  the  well-known  fact  that,  when  a 
wormgear  of  the  involute  type  is  overloaded,  pitting  first 
takes  place  on  the  outside  of  the  wheel  and  on  this  side 
only,  while  those  portions  of  teeth  on  the  entering  side 
of  the  wheel  remain  unmarked. 

We  have  found  the  spur-gear  type  of  differential  su- 
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and,  while 
than  the  bevel-gear 

-  wear  and  remains;  in 
the  bevel- 
Brd   to   line-up,   and  Wi 
thrust. 
.    Mr.  Favary's  paper,  1   find 
not  wholly  in  keeping  with  our  ex- 
Mr.   Favary   finds  that  a  semi- 
ighly  Btressed  at  the  inner  bearings 
.:-  the  difT  Our  experience  with  this 

i-en  that,  if  a  semi-floating  axle  breaks, 
tks  near  the  outer  bearings.     It  is  beyond  a  shade 
of  doubt  that  the  shafts  are  most  highly  Btressed  in  this 
.on. 
If  ier  Mr.  Favary's  figures  as  shown  in  his 

find   a  maximum   stress    in   a   semi-tic. 
the  wheel  bearing  of  8550  lb.  per  sq.  in.; 
al  bearing  th<  .390  lb.  per  sq.  in. 

of  the  full-floating  axle  a  fiber  stress 
•0  lb.  per  sq.  in.  is  determined  in  both  eases.     The 
following  is  a  presentation  of  my  views  relative  to  axle 

Th-  'f  an  axle  should  be  based  on  the  torque 

requisite  to  slip  the  wheels.     With  Mr.  Favary's  figures 
9000-lb.  load  per  wheel  and  a  coefficient  of  adhesion 
6,  we  obtain  a  torque  moment  of  Mt  =  9000  X  0.6 
18  =  97.200  lb-in. 

The   bending-moment   is  an   aggregate  of   the   static 

bending-moment  and  the  dynamic  bending-moment.    The 

bending-moment  is  determined  by  the  load  of  9000 

ting  on  a  lever-arm  of  6  in.    Hence  Mb,  =  9000  X  6 

54,000  lb-in. 

The  maximum  dynamic  bending-moment  will  be  en- 
countered if  the  truck  should  be  skidding.  This  dynamic 
bending-moment  is  Mt,  =  9000  X  °-6  X  18  =  97,200 
lb-in. 

The  aggregate  bending-moment  is  the  sum  of  both;  or, 

M  ,  =  Mt  =  151,200  lb-in. 
The  dynamic  bending-moment  due  to  brake  application 
eleration  is  omitted  for  obvious  reasons.    The  com- 
i  torque  and  bending-moment  we  obtain  from  the 
-known  formula 

M    --  i'  -  •  1 G \;2W  +  97,200=)  = 

'00  lb-in. 

The  stress  is  169,900  -f-  6.28  =  27,100  lb.  per  sq.  in. 

From  this  we  note  that  the  stress   in  the  semi-floating 

the  wheel  will  be  about  27,100  lb.  per  sq.  in. 


q 
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-  \.  E.  Steel  specification  No.  2840  in  such  large  diam- 
eters as  4  in.  usually  cannot  be  expected  to  allow  any 
inure  than  a  120,000  lb.  per  Bq.  in.  clastic-limit,  consider- 
ing a  commercial  run  of  steel  with  a  low  carbon-content. 
This  gives  us  a  factor  of  safety  for  the  semi-floating 
axle  of  L20.000    :    27.100         1,1. 

In  case  of  the  full-floating  live-axle,  we  have  a  maxi- 
mum torque-moment  of  97,200  lb-in.    This  gives 
,200       2.84       84,260  lb.  per  sq.  in. 

A  shaft  of  -7  16-in.  diameter  can  be   heat-treated 

safely  up  to  a  145,000  lb.  per  sq.  in.  elastic-limit  ami  still 
■  ithin  the  realm  of  manufacturing  possibilities.  This 
gives  us  a  factor  of  safety  of  145,000  ~  34,250  =  4.26. 
From  this  we  note  that,  to  all  intents  and  purposes,  the 
two  shafts  are  designed  with  about  the  same  factor  of 
safety.  However,  the  stresses  in  the  semi-floating  axle 
are  reversed  with  every  revolution  of  the  road  wheel, 
from  a  positive  maximum  to  a  negative  maximum.  This, 
according  to  Wohler's  test,  is  about  the  worst  loading 
that  can  be  put  upon  any  part.  For  this  reason  the 
factor  of  safety  of  a  semi-floating  shaft  should  be  at 
least  2J2  times  as  large  as  that  of  a  full-floating-axle 
shaft,  because  the  latter  is  stressed  to  a  maximum  uni- 
formly throughout  the  whole  range  of  driving,  with  the 
only  exception  of  occasional  use  of  the  reverse  gear. 

To  sum  up  the  situation,  1  would  say  that  Mr.  Favary 
considers  the  full-floating  live-axle  for  the  5-ton  truck  as 
being  2%  times  safer  than  the  semi-floating  shaft. 

E.  Favary: — In  his  statement  that  the  full-floating 
axle  has  a  factor  of  safety  of  4.25,  Mr.  Burkhardt  con- 
siders the  rear  wheel  as  slipping  on  the  ground.  I  dis- 
cussed this  in  my  paper  and  said  that  the  wheels  will 
slip  when  a  shaft  brake  is  employed.  In  the  case  that 
Mr.  Burkhardt  has  considered  we  will  obtain  a  maximum 
torque-moment  of  97,000  lb-in.,  which  is  as  mentioned  in 
my  paper.  Taking  the  smallest  dimension  of  the  shaft, 
that  is,  2  7/16  in.  in  diameter,  we  find  that  the  polar 
section  modulus  of  this  is  2.84,  and  that  this  gives  a 
stress  of  34,250  lb.  per  sq.  in.  He  says  that  this  is  the 
stress  in  the  small  end  of  the  shaft  and  I  agree  with  him. 
But  when  Mr.  Burkhardt  states  that  steel,  heat-treated, 
has  an  elastic-limit  of  145,000  lb.  per  sq.  in.,  I  entirely 
disagree  with  him,  because  he  is  considering  the  elastic- 
limit  in  tension  and  in  compression.  He  admits  that  we 
only  consider  the  torque  in  the  full-floating  axle;  hence, 
why  should  we  consider  the  tensile  and  compressive 
ngth  of  the  steel?  We  must  consider  the  torsional 
stresses,  which  are  purely  shearing  stresses;  therefore, 
on  the  face  of  it,  knowing  that  the  elastic-limit  in  sheal 
to  be  only  about  35  per  cent  of  the  elastic-limit  in  ten- 
or compression,  it  is  as  I  have  shown,  about  54,000 
lb.  per  sq.  in.  Let  us  assume  that  this  elastic-limit  of 
the  material  in  shear  or  torsion  is  55,000  lb.  per  sq.  in. 
If  we  divide  this  by  34,250  lb.,  we  get  a  factor  of  safety 
of  less  than  2;  therefore,  in  the  case  of  the  full-floating 
where  tl  ea  are  purely  torsional,  I  cannot  see 

why  Mr.  Burkhardt  considers  the  elastic-limit  of  the 
material  in  tension  or  compression  and  I  hold  this  to  be 
an  error. 

With  regard  to  the  semi-floating  axle,  Mr.  Burkhardt 
that  the  static  radial-load  must  be  added  to  the 
dynamic  load  when  the  car  is  skidding.  In  Fig.  35  the 
wheel  of  the  ear  is  marked  a,  the  axle  b.  The  distance  c 
in.  The  axle  housing  is  indicated  by  e  and  the  spring 
by  /.  The  load  L  on  the  spring  will  be  pressing  down- 
ward at  g  and  will  be  resting  on  the  bearing  i.  Under 
normal  load,  the  top  of  this  bearing  will  carry  the  load, 
ing  the  reaction  at  //,  and  //,  due  to  the  static 
load  L,  a  positive  bending-moment  will  be  created  in  the 
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shaft.  If  the  distance  c  is  6  in.  and  the  load  9000  lb., 
we  have  a  maximum  positive  bending-moment  of  54,000 
lb-in.  as  shown  at  A. 

Mr.  Burkhardt  says  further  that  when  the  car  is  skid- 
ding the  dynamic  bending-moment  is  9000  times  the  co- 
efficient of  friction  of  0.6 ;  that  is,  one-half  of  the  normal 
load  on  the  rear  of  the  truck,  and  this  is  also  54,000  lb-in. 
I  do  not  agree  with  Mr.  Burkhardt's  contention.  When 
the  car  is  skidding  sidewise,  we  must  consider  the  cen- 
trifugal force  that  will  tend  to  shove  the  car  to  one  side. 
When  that  happens  the  inner  wheel  is  relieved  of  a  cer- 
tain amount  of  load  and  the  outer  wheel  will  carry  more 
load  as  shown  in  Fig.  1  of  my  paper.  Hence,  to  begin  with, 
this  load  is  not  9000  times  0.6,  but  we  must  calculate 
the  force  that  causes  the  car  to  skid  and,  as  I  showed 
before,  this  amounts,  on  the  outer  wheel,  to  10,600  lb. 
and  is  the  force  tending  to  skid  the  wheel. 

To  find  the  bending-moment  due  to  skidding,  consider 
this  force  and  imagine  the  left  wheel  to  be  skidding  to 
the  left.  In  Fig.  35,  L0  is  the  reaction  working  in  the 
opposite  direction  and  this  creates  a  negative  bending- 
moment  in  the  shaft,  as  shown  at  B  in  Fig.  35,  which 
must  be  deducted  from  the  positive  bending-moment. 
Therefore,  I  disagree  with  Mr.  Burkhardt  that  those  two 
stresses  should  be  added;  in  fact,  the  bearing  load  due 
to  one  load  alone  may  be  considerably  higher  than  that 
due  to  the  two,  because  the  static  radial-load  is  sup- 
ported by  the  top  of  the  bearing  at  g,  whereas,  when 
there  is  a  tendency  to  skid,  the  shaft  will  tend  to  deflect 
as  shown  by  the  dotted  line  and  impose  a  load  at  the 
bottom  of  this  bearing  i;  hence,  we  must  deduct  this  load 
from  the  former. 

A  Member: — Can  you  add  it  on  the  inner  wheel? 

Mr.  Favary  : — Yes,  but  a  load  of  only  300  lb.  was  left 
on  the  inner  wheel.  The  maximum  stresses  are  on  the 
shaft  of  the  outside  wheel,  because  the  loads  on  both 
wheels  do  not  remain  the  same  when  the  car  skids,  and 
Mr.  Burkhardt  has  not  taken  that  into  consideration. 

Herbert  Chase: — Will  not  the  static  load  on  the  outer 
wheel  increase? 

Mr.  Favary: — Yes,  the  static  load  will  increase  from 
9000  to  17,000  lb.  as  I  have  shown,  and  the  skidding 
force  will  be  the  radial  load  multiplied  by  the  coefficient 
of  friction;  this  amounts  to  10,600  lb.,  as  stated  in  my 
paper.  The  bending  in  the  shaft  due  to  skidding  will 
i  act  in  the  opposite  direction  and  hence  we  obtain  a  nega- 
|  tive  bending-moment  due  to  the  skidding  and  a  positive 
bending-moment  due  to  the  static  load;  therefore,  one 
will  counteract  the  other,  and  the  result  is  less  than  that 
due  to  the  maximum  radial-load  alone. 

Mr.  Burkhardt  states  in  the  beginning  of  his  discus- 
sion that  I  find  the  semi-floating  axle  most  highly  stressed 
at  the  inner  bearings,  the  inner  bearings  being  those  near 
!  the  differential.  The  stress  in  a  shaft  depends  on  its 
dimension  and  I  simply  stated  that  if  the  shaft  were 
tapered,  as  shown  in  Fig.  11  of  my  paper,  the  shaft  be- 
ing so  much  smaller  near  the  inner  end  than  at  the  outer 
end,  I  found  the  metal  much  more  highly  stressed  near  the 
inner  bearing,  since  the  polar  moment  of  inertia  here  is 
2.6  and  near  the  outer  end  it  is  almost  12,  or  nearly  four 
times  that  near  the  inner  end.  By  increasing  the  diam- 
eter at  the  inner  end  of  the  shaft,  we  can  easily  reduce 
the  stresses.  The  bending-moment  is  very  much  greater 
near  the  outer  end,  but  if  the  diameter  of  the  shaft  is 
here  so  much  larger,  as  shown  in  Fig.  11,  the  stresses  are 
less  than  at  the  inner  end.  The  resultant  load  on  the 
bearings  is  less  than  that  due  to  the  maximum  radial- 

6  See  Automotive  Industries.  Feb.  16,  1922.  p.  3S8. 


load,  on  account  of  the  skidding  force,  which  I  have 
taken  into  account,  but  which  Mr.  Burkhardt  is  not  con- 
sidering; he  adds  them  together  and  that  is  not  a  true 
condition  of  the  facts  under  the  conditions  assumed 
when  the  car  skids. 

W.  F.  Rockwtll: — Mr.  Burkhardt's  point  that  the 
heat-treating  in  a  large  shaft  may  cause  considerable 
trouble,  is  referred  to  in  a  discussion  before  the  British 
Institution  of  Automobile  Engineers  in  which  very  care- 
ful tests  made  on  a  large  billet  in  connection  with  gun- 
forging  work  and  the  heat-treatment  of  gun  forgings 
were  reported.  Apparently,  there  was  practically  no  dif- 
ference in  the  strength  of  the  test-pieces  cut  out  of 
various  parts  of  a  very  large  billet  that  had  been  sub- 
jected to  heat-treatment  somewhat  similar  to  that  em- 
ployed in  axle  heat-treatment. 

Mr.  Burkhardt  has  said  that,  in  the  5-ton  sizes,  the 
full-floating  axles  can  be  made  lighter  in  weight  than  the 
semi-floating  axles.  The  statistics  on  American  stock 
axles  for  1922  have  been  published5  and,  inasmuch  as 
the  figures  were  given  by  the  truck-axle  manufacturers 
themselves,  there  hardly  could  be  any  claim  of  prejudice. 
If  those  figures  are  examined,  it  will  be  found  that  there 
are  at  least  one  or  two  designs  of  semi-floating  axles  of 
5-ton  capacity  that  weigh  considerably  less  than  full- 
floating  axles  of  the  same  rated  capacity. 

Current  statistics  show  that,  in  the  passenger  car  field, 
there  has  been  a  very  decided  increase  in  the  production 
of  semi-floating  rear-axles.  Semi-floating  types  increased 
15  per  cent  during  the  past  3  years,  while  full-floating 
construction  has  suffered  a  loss  of  20  per  cent.  The  ma- 
jority of  live-axle  truck-designs  in  this  country  has 
always  followed  the  semi-floating  type.  In  actual  tests, 
it  has  been  proved  that  skidding  into  a  curb  will  demolish 
the  wheel  without  injuring  the  semi-floating  shafts; 
whereas,  in  full-floating  jobs,  such  accidents  usually  bend 
a  tube  in  addition  to  breaking  the  wheel,  and  the  cost  of 
repairs  is  increased  greatly.  It  happens  occasionally  that 
a  full-floating  tube  is  bent  by  a  skidding  accident,  and 
that  the  owner  is  not  aware  of  the  trouble  until  several 
shafts  break  in  succession;  investigation  then  shows  the 
cause  to  be  a  bent  tube. 

Mr.  Favary's  calculation  of  bearing  loads  proves  be- 
yond a  doubt  that  better  distribution  is  possible  with  a 
semi-floating  design.  The  great  leverage  existing,  be- 
cause of  the  increased  distance  between  semi-floating- 
shaft  bearings,  reduces  the  bearing  load  due  to  skidding 
so  that  it  is  less  than  30  per  cent  of  the  load  imposed 
with  a  full-floating  hub-and-shaft  design.  For  equal 
capacity,  semi-floating  axles  weigh  less  than  full-floating 
axles.  If  the  track  is  the  same  in  full-floating  and  semi- 
floating  axles,  the  distance  from  hub-cap  to  hub-cap  for 
full-floating  axles  is  usually  considerably  greater,  and 
there  is  a  decided  increase  in  accidents  when  the  hub-cap 
or  driving  flange  extends  far  beyond  the  tire  rim.  Other 
advantages  of  the  semi-floating  design  are  a  great  re- 
duction in  the  number  of  parts  and  a  better  distribution 
of  the  stresses  incident  to  torque  and  braking. 

With  reference  to  bearing  loads,  the  design  shown 
in  Fig.  12  of  Mr.  Favary's  paper  differs  from  the  great 
majority  of  worm-drive  axles  in  the  method  by  which 
the  worm-gear  thrust  is  taken  care  of  in  the  differential 
mounting.  In  forward  drive,  the  worm-gear  thrust  is 
taken  by  the  left-hand  bearing;  whereas  the  usual  de- 
sign places  this  thrust  on  the  right-hand  bearing.  In 
this  design  the  bearing  loads  are  very  nearly  equal  on 
each  differential  bearing;  whereas  in  the  other  design 
the  right-hand  bearing  takes  a  resultant  load  approxi- 
mately 100  per  cent  greater  than  the  left-hand  bearing. 
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symmetrica]  without  being 
:'  bearings,  the  factor 

i  the  usual  design. 
••  adjustment  of  the  worm- 

.  led  nuts  on  the  differ- 
ile    some    other    designs    employ    shims, 
four-p:  ...    type    differentials 

rith  the  best  American  practia 
■>ined  with  compact  lijrht  construc- 
:'  the   two-pinion  differential  cann 
in   the  grounds   of   reduced   first-coat, 
increased  maintenance. 
[t  -  rved  that  the  wormgear  is  clamped  be- 

Terential  side  case  Ranges  and  the  drive  is 
-  that  are  in  shear  at  two  points.     This  has 
an  ol  .  the  single-flange  differential- 

-ometimes  used. 
Tw  •  .trie  brakes,  both  internal-expanding,  cam- 

operated,   are   employed    in   th  The    external- 

band    wheel     brake     practically     has     been     elimi: 
on  this    Country,    because    the    brakes   are 

liable     to     be     torn     off     whenever     skid     chains     are 
cross-chain    breaks.      The    mud    and    grit 
.;.    between  the  external  brake  and  the 
drum  has  a  tendency  to  cut  into  the  drum  very  rapidly. 
ernal    cam-operated    brake    is    the   only    internal 
brak-  :11   not   freeze   up  and   become   inoperative 

when  covered  with  slush  and  ice  in  cold  weather.     The 
:rums  on  each  wheel  permits  braking  first 
on  one  drum  and  then  on  the  other  in  hilly  country,  bo 
that  there  is  no  overheating.    The  flanges  on  the  service 
brakes  prevent  them  from  being  distorted,  although  the 
tendency   to   distort    is    very   slight    with   an   expanding 
this  type.     Hinged  and  quadrant  brakes  have 
a  much   greater  tendency  to  distort  the  drums  perma- 
nently. ■  ric  arrangement  gives  the  largest  pos- 
.    -urface  without  sacrificing  the  strength  of 
■  ing  member.     Considering  the   wheel  - 
columns  supporting  a  beam,  the  closer  the  load  is  placed 
e  column,  the  greater  the  factor  of  safety  is  for  the 
~.    With  narrow  drums,  the  springs  that  carry 
the   load   to  the  beam  can   be  placed  very   close  to   the 
wheels,  which  act  as  supports. 

One  of  the  principal  points  of  discussion  concerning 
brakes  is  whether  the  propeller-shaft  or  transmission 
:.y  advantage  over  the  rear-wheel  brake. 
From  acual  experience  with  both  types  of  brake,  we  have 
drawn  the  following  conclusions:  A  brake  on  the  trans- 
•he  propeller-shaft  requires  much  larger 
tran-  members   in  the  axle  because  the  braking 

-e  imposed  on  the  rear  axle  cannot  be  estimated  as 
engine  torque  and,  in  any  case,  is  considerably 
nan   it  is  possible  to  impose  by  wheel   bra 
Although  the  braking  effort  with  the  transmission  brake 
.  lvantag>-  I  entirely  by  the  fact  that 

v  to  make  the  braking  effort  too  extreme, 
to  the  axl<-  transmission  mem- 
rear  wheel-  are  locked,  any  further  braking 
we  have  demonstrated  that,  with  good 
.  the  rear  wheels  can  be  locked,  bring- 
ing the  truck  p  in  a  minimum  distance.    The  use 
brake  would   not  permit  the  truck   to 
■:er  and,   if   its   application   caused  the  de- 

crould  be  nullified 

lal  trials,   this   ha-   happened  and 

A  driver,  going  up  a  hill, 

r  that  his  truck  is  slowing  up;   it 
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may  start  to  roll  back  down  the  hill,  gaining  consider- 
able momentum  before  he  discovers  that  his  transmis- 
sion brake  is  useless,  because  his  propeller-shaft  or  axle 

shaft  has  broken. 

It  must  be  obvious  that  with  the  much  higher  relative 
surface  speeds  of  the  propeller-shaft  brake,  the  wear  will 
■  r\  much  greater.  While  the  life  can  be  prolonged 
by  increasing  the  width  of  the  drum  and  the  brake-band, 
the  cost  of  replacing  linings  frequently  will  be  consider- 
ably greater  than  with  wheel  brakes. 

There  have  been  many  discussions  as  to  which  form  of 
drive  will  survive  finally.  Statistics  show  that  the  chain 
drive  practically  has  been  eliminated.  The  bevel-gear 
drive  is  increasing  for  light  trucks  and  seems  to  be  a 
logical  development  because  of  its  simplicity  and  low 
The  internal-gear  drive  is  losing  ground  and  at  least  two 
of  the  leading  internal-gear-drive  manufacturers  are 
building  bevel-gear  drives  this  year.  The  worm  drive 
seems  to  continue  in  its  popularity,  and  the  double-re- 
duction gear  is  showing  a  fair  increase.  As  two  of  the 
largest  builders  of  trucks  have  adopted  the  doubl 
duction  gear  recently,  there  is  little  doubt  that  its  future 
is  established. 

I  believe  that  both  worm-drive  and  double-reduction- 
gear-axles  have  their  particular  use  and  place.  Dis- 
regarding the  chain  drive,  the  British  manufacturers 
seem  to  be  about  evenly  divided  between  the  double- 
reduction  and  the  worm  drive.  None  of  them  uses  the 
internal-gear  drive  in  the  wheels,  as  shown  by  the  statis- 
tics for  Tendencies  in  British  Truck  Design"  for  1922, 
although  that  form  was  used  some  years  ago.  It  will  be 
observed  also  that  a  large  number  of  manufacturers,  in- 
cluding Guy.  Leyland,  Maudsley  and  Pagefield,  use  both 
the  worm  and  the  double-reduction-gear  drives. 

The  worm  drive  has  several  advantages  that  put  it  in 
a  class  by  itself.  It  has  a  small  number  of  parts  and 
general  simplicity.  This  is  only  approached  by  the  bevel- 
gear  drive.  With  a  ball-bearing  mounting,  the  rear 
bearings  of  the  worm  are  permanently  mounted  and  the 
front  bearing  is  free  to  float.  The  only  bearing  or  gear 
adjustment  of  any  kind  in  this  form  of  ball-bearing 
worm-drive  axle  is  in  the  differential  mounting,  where 
two  threaded  nuts  provide  the  complete  adjustment  for 
the  worm  and  the  gear.  Even  a  bevel-gear  axle  requires 
adjustment  in  another  place,  the  pinion  shaft.  The  worm 
drive's  second  great  advantage  is  its  absolute  quietness 
in  operation,  which  no  other  form  of  gear  can  provide 
with  such  assurance  of  permanent  satisfaction. 

The  double-reduction  axle,  consisting  of  one  set  of  bevel 
gears  and  one  set  of  spur  gears,  which  is  used  in  England, 
and  also  in  this  Country  by  .Mack,  Autocar  and  Ruggles, 
has  a  few  more  parts  and  may  develop  noise  if  not  well 
made  and  properly  adjusted.  It  has  an  advantage  over 
the  worm  gear  in  its  wide  range  of  efficiency.  The  worm 
gear  can  be  made  very  efficient  for  a  given  load  and  speed, 
but  not  throughout  an  extremely  wide  range  of  loads  and 
speeds.  The  double-reduction  axle  has  a  disadvantage 
compared  to  the  worm  in  that  it  has  a  larger  number  of 
parts  and  a  few  more  adjustments,  but  this  is  offset  by 
the  better  distribution  of  the  direct  loads  and  stre 
imposed  by  accidental  shocks;  in  case  of  failure  from 
any  of  the  usual  causes  such  as  lack  of  lubrication,  over- 
load or  accident,  the  •  ntial  damage  is  less.  The 
thrust  on  the  differential  case  and  the  mounting  sup- 
port-- i-  eliminated. 

The  internal  gear  is  a  form  of  double-reduction  that 
involves  more  pari  The  use  of  internal  gears  in  the 
whee  the  lubrication  problem  extremely  difficult, 
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and  any  attempt  to  eliminate  it  makes  the  parts  less  ac- 
cessible and  increases  the  cost  of  repairs.  Some  of  these 
designs  now  use  as  many  as  10  gears  and  16  bearings. 
While  this  distributes  the  stresses  and  the  wear,  it  must 
decrease  the  efficiency  because  every  gear  and  bearing 
reduces  the  amount  of  power  transmitted  to  the  rear 
wheels.  Furthermore,  in  the  case  of  failure  of  some 
small  part,  the  consequential  damage  may  include  several 
broken  gears  and  bearings.  Additional  gears  will  produce 
noise  and,  if  one  gear  wears  unevenly,  all  the  gears  in 
contact  must  suffer. 

The  internal  gear  has  claimed  the  advantage  of  lighter 
weight  but,  according  to  the  reference  previously  given,' 
both  worm-drive  and  double-reduction  axles  of  larger 
capacity  actually  weigh  less  than  one  standard  make  of 
internal  gear.  The  light  weight  in  the  internal  gear  is 
liable  to  be  secured  at  the  expense  of  rigid  construction. 
In  other  words,  an  internal-gear  axle  may  be  strong 
enough  to  carry  a  load  and  transmit  the  power,  but  its 
flexibility  throws  the  bearings  and  the  gears  out  of 
alignment  to  such  an  extent  that  it  results  in  noise,  a 
short  life  of  the  gears  and  the  bearings  and  a  loss  of 
efficiency.  The  efficiency  is  further  reduced  by  the  impos- 
sibility of  obtaining  perfect  lubrication. 

There  have  been  many  lengthy  discussions  and  many 
fantastic  claims  based  on  the  advantages  to  be  gained  by 
reducing  unsprung  weight.  If  unsprung  weight  were  the 
sole  desideratum,  we  should  never  have  abandoned  the 
chain  drive.  There  is  one  claim  that  a  1-lb.  reduction  in 
the  unsprung  weight  is  the  equivalent  of  a  10-lb.  reduc- 
tion in  the  sprung  weight.  Many  engineers  and  sales- 
men using  this  claim  do  not  know  what  this  is  founded 
upon  or  to  what  it  refers.  It  is  based  on  tests  made  by 
the  Michelin  Tire  Co.  many  years  ago,  from  which  a  con- 
clusion was  reached  that  the  wear  on  the  tires  is  increased 
as  much  by  1  lb.  of  additional  unsprung  weight  as  by  10 
lb.  of  sprung  weight.  No  reference  was  made  to  the 
general  wear-and-tear  on  the  vehicle,  nor  was  the  test 
intended  to  determine  any  variation  in  the  fuel-consump- 
tion of  the  truck.  Mr.  Favary  points  out  that  100  lb.  at 
the  center  of  the  axle  has  less  effect  than  100  lb.  added  to 
the  weight  of  the  rear  wheels.  This  brings  out  a  dis- 
advantage inherent  in  both  the  full-floating  construction 
and  the  internal  gears  in  the  wheels.  For  the  same  total 
axle  weight,  both  constructions  bring  a  disproportionate 
weight  directly  over  the  tires. 

From  current  practice,  it  is  easy  to  prove  that  if  the 
unsprung  weight  is  reduced  so  much  that  the  bearings 
and  the  gears  suffer  from  misalignment,  any  saving  in 
tire  wear  is  offset  many  times  over  by  upkeep  and  re- 
pairs on  the  axle  itself.  It  has  been  claimed  that  addi- 
tional unsprung  weight  made  vehicles  ride  more  easily, 
and  also  that  the  heavier  axles  hold  the  road  better,  so 
that  the  tires  actually  wear  longer  up  to  a  certain  point 
in  increased  axle  weight.  One  will  find  automobile  men 
to-day  who  avow  easier  riding  qualities  for  the  old- 
fashioned  passenger-axle  with  transmission  attached, 
which  was  an  extreme  example  of  great  unsprung  weight. 

I  believe  that  a  reduction  of  the  unsprung  weight  is 
desirable  up  to  a  certain  point,  but  that  it  easily  can  be 
carried  to  an  extreme.  We  have  some  definite  figures  on 
a  saving  accomplished  by  a  reasonable  reduction  in  the 
weight.  A  5-ton  axle  weighing  1570  lb.  was  substituted 
under  a  used  truck  for  another  make  of  axle  weighing 
over  2400  lb.  Both  axles  were  of  the  same  type  with  ball 
bearings  throughout;  there  were  no  radical  structural 
differences.    No  other  changes  were  made  in  the  chassis. 

'See  Automotive  Industries,  Feb.  16,  1922,  p.  3S8. 


The  test  lasted  2  weeks,  during  which  time  the  truck 
averaged  49  miles  per  day.  There  was  a  saving  of  5  gal. 
of  gasoline  per  day,  which  could  be  explained  only  by  the 
difference  in  the  weight  of  the  rear  axles. 

We  have  some  figures  on  the  deflection  of  the  load- 
carrying  members  that  were  obtained  from  the  chief  engi- 
neer of  one  of  the  leading  truck  companies  that  has  used 
several  types  of  axle.  Three  worm-axle  housings  of  dif- 
ferent standard  makes  of  lH-ton  semi-floating  axles  were 
tested  under  static  loads.  The  housings  were  supported 
at  the  wheel-bearing  locations,  the  load  was  applied 
evenly  on  the  spring-pads  and  the  deflection  was  measured 
at  the  center  of  the  axle.  The  lightest  housing,  con- 
structed of  pressed  steel,  showed  a  J/4-in.  deflection  for  an 
11,000-lb.  spring-pad  load,  a  Vfe-in.  deflection  for  a  16,- 
500-lb.  load,  a  1-in.  deflection  for  a  21,000-lb.  load  and 
complete  destruction  at  a  23,000-lb.  load.  The  heaviest 
housing,  constructed  of  cast  steel,  showed  a  Vi-iri-  deflec- 
tion at  30,000  lb.,  a  Vfe-in.  deflection  at  49,000  lb.  and  a 
%-in.  deflection  at  56,000  lb.,  at  which  point  cracks  de- 
veloped. The  malleable  housing,  which  was  heavier  than 
the  pressed-steel  housing  by  50  lb.  and  lighter  than  the 
cast-steel  housing  by  70  lb.,  showed  a  %,-in.  deflection  at 
26,000  lb.,  a  %-in.  deflection  at  45,000  lb.,  a  1-in.  deflec- 
tion at  52,000  lb.  and  no  signs  of  cracking  at  56,000  lb., 
which  was  the  peak  capacity  of  the  hydraulic  press.  Re- 
membering the  effect  of  simple  static-loads,  we  call  at- 
tention to  the  necessity  for  sufficient  stiffness  to  protect 
the  bearings  from  the  excessive  deflection  that  shortens 
their  life,  decreases  the  efficiency  and  increases  the  main- 
tenance losses.  These  are  figures  for  heavy  scientifically 
designed  housings.  The  deflection  of  solid-round  load- 
carrying  members  frequently  is  found  to  exceed  %  in. 
under  static  load  equaling  ordinary  requirements. 

It  is  our  opinion  that  it  is  impossible  to  determine 
which  form  of  drive  will  survive  and  whether  any  present 
design  will  survive,  because  it  is  impossible  to  forecast 
the  tendency  in  engine  design.  The  passage  of  laws  re- 
garding the  speed  of  trucks  may  have  a  considerable 
effect  on  design.  The  tendency  seems  to  be  toward  a 
larger  number  of  radically  different  axle  designs  rather 
than  toward  the  standardization  of  any  one  particular 
type. 

Every  axle  now  on  the  market  as  well  as  every  contem- 
plated axle,  represents  a  compromise  in  which  some  ad- 
vantageous features  are  sacrificed  so  that  the  designer 
can  incorporate  features  he  believes  to  be  essential.  No 
engineer  would  use  a  solid-round  load-carrying  member 
except  to  reduce  the  cost  of  the  rear  axle.  We  might 
recommend  the  overhead  worm-drive  for  bus  service,  if 
the  desire  to  lower  the  floor-boards  did  not  militate 
against  it.  If  the  bus  builder  insists  on  the  lower  floor- 
board design,  he  must  either  invert  his  worm-drive  axle 
or  use  another  form  of  rear  axle.  Inverting  the  worm 
has  three  serious  disadvantages;  it  (a)  reduces  road 
clearance  too  much;  (b)  calls  for  too  great  an  angle  on 
the  propeller-shaft;  and  (c)  results  in  poor  operating 
conditions,  inasmuch  as  sediment  has  no  chance  to  settle 
in  the  bowl  and  constantly  runs  through  the  worm  bear- 
ings and  over  the  worm-gear  surfaces.  The  same  trouble 
is  experienced  with  internal  gears,  because  no  sediment 
or  grit  can  settle  to  the  bottom  of  a  chamber  but  is  con- 
tinually circulated  around  in  the  lubricating  medium, 
thus  destroying  the  gear  surfaces  and  the  bearings. 

It  might  be  well  to  point  out  that  the  extreme  angle  of 
the  propeller-shaft  cannot  be  corrected  by  tilting  the  rear 
axle,  as  is  occasionally  attempted,  without  introducing  a 
serious  complication.     If  the  transmission  shaft  and  the 
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ovel-pinion  shaft  are  parallel, 

tion   inti  by   one   universal-joint 

can  If  the  rear  axle  is  tilted,  the 

mitted  and  a  short  life  of  the 
and  the  11    result,  with  possible  addi- 

tal  damage  to  the  engine. 

•  r  who   believes  he  has  perfected   the 
ning  blindly.     One  of  our 
I  reducing  factory  steam  truck.  Others 

th   very   interesting  new  types  of 
He  would  be  wry   rash   who  would   attempt   to 
ts  of  the  next  few  years.     The 
manufacturer   will   encourage   designers   to 
always  room  for  im- 
•  ment.     If  any  pi  sign  is  perfect,  the  reduc- 

derable  material  for  study.     If 
if  all  types  "I"  axle  were  the  same  for  equal 
ral  types  now  purchased   because  of  their 
would  disappear  in  an  extremely  short  time. 
•>th  the  worm-drive  and  the  double-reduction  types 
lgh  in  fii  and  both  have  increased  in  produc- 

tion while  other  designs  have  decreased,  we  can  consider 
•hey  will  continue  in  use  until  something  better  shall 
be  designed  or  something  equally  good  produced  for  less 
mone 


rrr*rr'">">>>*r*r>>>>rrr> 


•; — Diagf.  «  wo  Relation  between   Sprung   and   Uw- 

«riiEN   a  Wheel  Strikes  an  Obstruction   in  the 
Road 

Mr.  Favary: — The  be>t  proportion  of  unsprung  weight 

very  interesting  topic.     We  sometimes  hear  that  the 

unsprung  weight  should  be  just  so  much,  but  not  less. 

Suppo-.-  a  road  surface  a,  as  shown  in  Fig.  36,  and  that 

we  have  one  small  unsprung  weight  b  below  and  a  heavy 

fht  r  above.    There  is  a  spring  between  the  unsprung 

weight    and   the    sprung   weight.     When   the    unsprung 

.nt,  which   is  carried  by  the  wheel,   moves  over  an 

•'.  it  will  be  propelled  upward  with  a  certain 

The  velocity  and  the  acceleration  will  vary,  but 

nat  the  maximum  vel'  n  the 

top  of  the  obstruction.    The  unsprung 

.nt   will    have  a   certain    amount    of   kinetic   energy 

h  will  propel  it  higher  up,  and  this  kinetic  energy 

will  be  imparted  to  the  unsprung  weight  above,  through 

dent  that  the  heavier  the  unsprung 

!■   will   be   the   kinetic  energy  and, 

therefore,  the  upward  thrust,  even  after  the  wheel  i 

.■.ill  be  greater.     On  the  other  hand, 
little  or  if  we  assume  first  that 
the  unsprung  oo  weight,  the  sp  eighl 

remainir  .  ing  weight,  not  having  any 

kine  ould  foil  mtour  ot 

tion  and  the  ground  immediately  after  the 

■■action. 
In    practice,    the    unsprung    weight    must    have    some 
.  the  amount,  depending  on  the  ipeed  and  on 

■.ward.     Hen  f    the 

kine-  'lv   will    be   moved   up- 

wili  be  the  shock  imparted  to  the 
ght. 


Alfred  K.  ICasubt:-  1  disagree  with  Mr.  Myers  on 
the  matter  of  standardisation.  I  do  not  wish  to  tij;ht  the 
war  over,  but  we  all  know  the  story  of  the  Hispano-Suiia 

engines  that  did  the  work  while  we,  in  this  Country,  were 
frantically  standardizing.  1  think  we  all  know  also  that 
the  Peerless,  the  Pierce-Axrow,  the  Mack  and  the  Pour* 
Wheel-Drive  trucks  were  doing  the  work  at  the  front 
while  we  were  trying  to  standardize  Class-B  truck-axles. 
\\.-  ought  to  keep  away  from  the  standardization  of  axles. 
One  of  the  truck-axle  designers  has  said  that  there  will  be 
many  more  different  types  of  axle,  and  I  think  that  will 
be  true. 

If  we  look  at  the  passenger-car  companies,  the  ones 
that  have  had  the  least  standardization  probably  have 
the  most  successful.  The  Ford,  Dodge,  Franklin 
and  Stanley  steamer  companies  have  gone  through  this 
trying  period  with  flying  colors,  making  money.  Con- 
sidering the  truck  companies  that  have  gone  through  this 
period  without  actually  losing  millions  of  dollars,  such  as 
the  Autocar,  the  International  Motor  and  the  Fifth  Ave- 
nue Coach  companies,  I  think  we  can  say  that  any  one  of 
those  companies  has  had  less  standardization  than  some 
of  the  organizations  that  have  lost  as  high  as  $8,000,000 
in  1  year;  so,  I  think  it  is  fair  to  say  that  we  should 
keep  away  from  axle  standardization,  except  within  cer- 
tain limits. 

On  of  the  new  things  in  the  motor-truck  industry 
at  present  is  the  rail  motor-car.  There  is  hardly  a  large 
truck  organization  that  does  not  have  some  form  of  rail 
motor-car  running  on  the  railroads.  The  railroad  engi- 
neers as  a  whole  are  one  of  the  best  educated  and  most 
highly  trained  class  of  engineers  we  have.  Why  did  they 
not  build  rail  motor-cars?  Simply  because  they  are  sur- 
rounded with  the  Master  Car  Builders'  Standards.  We 
do  not  want  the  Society  to  become  a  mass  of  standards 
that  will  take  the  initiative  out  of  its  engineers.  There- 
fore, I  think  it  is  fair  to  say,  we  will  not  get  all  the  motor- 
vehicle  axles  alike. 

Shall  we  take  the  initiative  out  of  this  Country  and  the 
opportunity  of  each  engineer  to  express  his  notions,  even 
tlmugh  some  of  them  may  be  bad?  I  believe  we  are  doing 
harm  when  we  say  that  we  should  standardize  anything 
as  important,  and  on  which  the  industry  has  as  many 
things  to  learn  and  do,  as  rear-axle  design.  As  an  illus- 
tration, when  the  Pierce-Arrow  company  first  came  out 
with  its  worm-drive  axle,  it  certainly  did  prosper  on  that, 
axle  and  on  that  whole  truck,  which  was  entirely  different 
from  anything  we  had  seen  in  this  Country.  We  could  go 
on  citing  cases  almost  indefinitely.  Of  course,  a  man 
must  be  right  to  a  reasonable  degree  and  be  fairly  good  as 
an  engineer,  have  a  good  organization  back  of  him,  a 
good  manufacturer  and  good  materials;  but  if  a  man 
believes  in  some  particular  type  of  design  that -can  be 
■  I  on  good  engineering,  we  should  do  nothing  to 
hinder  him  in  expressing  those  ideas. 

I  would  like  to  add  that  the  company  with  which  I  am 
iated  built  worm,  chain  and  double-reduction  axles 
and  made  tests  of  these  three  types  of  axle.  We  used 
three  trucks,  had  the  engines  governed  alike  and  changed 
drivers.  We  made  five  different  types  of  test.  In  one, 
we  Btarted  the  trucks  moving  and  let  them  coast;  in  an- 
other one,  we  ran  them  up  a  grade  to  see  how  far  they 
would  go  before  getting  into  second  speed;  in  a  third, 
we  started  them  all  on  a  hill  and  noted  how  fast  they 
would  go  up  to  a  certain  point;  in  a  fourth,  we  barked 
up  to  a  curb  to  see  which  one  would  climb  over  the 
curb;  and  in  the  fifth  test  a  dynamometer  recorded  the 
number  of  pounds  that  each  truck  could  pull.    In  each  of 
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these  tests  the  chain  drive  showed  the  best;  then  came 
the  double-reduction  and  then  the  worm  drive.  I  think 
that  is  perfectly  easy  to  explain.  We  have  more  surface 
and  contact  and  thus  better  lubrication;  and  I  think  that 
is  the  whole  story. 

I  want  to  mention  one  other  thing.  I  think  the  best 
spring-shackle  is  Mr.  Myers'  design  but,  supposing  that 
spring-shackles  had  been  standardized,  we  never  would 
have  had  the  wick  lubrication  that  he  has  worked  out 
very  satisfactorily  on  many  trucks. 

Mr.  Myers  : — Mr.  Masury  cited  two  or  three  car  build- 
ers as  examples  of  manufacturers  who  did  not  stand- 
ardize. I  have  no  desire  to  limit  the  initiative  or  orig- 
inality of  any  engineer  and,  in  that  matter,  I  am  sure  the 
S.  A.  E.  Standards  policy  coincides.  There  are  many  in- 
consequential details  in  axle  construction  that  should  be 
standardized.  When  we  have  enough  experience  on  units 
that  we  may  be  building  to  say  what  is  good  practice  and 
what  is  poor  practice  in  regard  to  its  details,  let  us  stop 
making  variations  in  those  details  that  simply  call  for 
additional  sets  of  spare  parts  in  every  service-station  in 
the  Country.    Such  practice  is  not  logical. 

Mr.  Masury  cites  the  Master  Car  Builders'  Standards. 
There  is  no  better  exemplification  of  the  good  that  could 
come  to  a  transportation  industry  than  those  very  stand- 
ards. The  reason  that  railroad  cars  can  be  built  so 
cheaply,  serve  us  so  well  and  run  great  distances  from 
their  place  of  origin  is  that,  even  when  a  railroad  car 
has  run  this  1000  or  2000  miles  from  home,  the  service- 
station  car-shop  to  which  it  happens  to  be  sent  for  repair 
has  parts  that  will  fit,  all  made  to  the  Master  Car  Build- 
ers' Standard  specifications.  If  the  railroads  are  reach- 
ing out  to  obtain  cars  propelled  by  gasoline,  not  having 
conceived  that  idea  themselves,  since  they  were  endeavor- 
ing to  perfect  their  own  type  of  apparatus,  they  very 
naturally  reach  over  into  the  automotive  industry  and 
pick  out  what  they  think  will  be  of  use  to  them.  In  Mr. 
Masury's  specifications  for  his  rail  motor-car,  I  notice 
that  he  specifies  that  the  front  trucks  are  to  be  built  to 
the  Master  Car  Builders'  Standards.  It  is  futile  to  argue 
this  question  of  standardization  again,  because  we  all 
know  the  good  that  has  been  accomplished  already  and  it 
has  yet  to  be  shown  that  standardization  has  limited  initi- 
ative or  cramped  design. 

The  value  of  unsprung  weight  has  been  discussed  in 
this  Country  for  about  18  years,  with  reference  to  auto- 
mobiles. So  far  as  I  know,  there  is  no  evidence  to  sub- 
stantiate any  such  faciful  ratio  as  5  to  1,  7  to  1,  or  10  to  1, 
for  the  weight  below  the  springs  to  the  weight  above  the 
springs.  For  more  than  a  year  I  was  in  fairly  close  touch 
with  a  test  made  by  a  very  large  truck  operator  in  one  of 
the  metropolitan  cities.  It  is  described  in  my  paper. 
Notes  on  Motor  Trucks.'  Four  trucks  of  about  the  same 
load  capacity  were  used.  It  was  discovered  that  the  tire 
mileage  was  greater  on  the  two  worm-drive  trucks  than 
on  the  two  chain-drive  trucks.  The  unsprung  weight  on 
the  wTorm-drive  trucks  was  70  per  cent  in  excess  of  that 
on  the  chain-drive  trucks.  The  load  per  inch  of  tire  width 
on  the  chain-drive  trucks  was  about  6  2/3  per  cent  in  ex- 
cess of  the  corresponding  load  on  the  worm-drive  trucks. 

Leaving  out  all  questions  of  unsprung  weight,  one 
would  naturally  expect  that  the  wear  on  the  tires  for  the 
worm-drive  trucks  would  be  somewhat  less,  in  that  they 
were  loaded  a  little  less  per  inch  of  tire  width.  We 
might  expect  10  per  cent  more  tire  wear  on  the  chain- 
drive  trucks.    The  actual  difference  was  about  31  per  cent 


•  See  The  Journal.  October.  1922.  p.  333. 


in  favor  of  the  worm-drive  truck.  But  this  does  not  prove 
that  the  heavy  axle  is  better  than  the  light  axle. 

We  all  appreciate  that  theories  help  us  to  solve  prob- 
lems, but  we  do  look  for  some  substantial  tangible  results, 
something  we  can  define  as  actually  having  saved  us 
money  somewhere.  I  think  Mr.  Favary  should  have  gone 
somewhat  further  with  this  subject.  He  says  that  the 
impact  of  the  unsprung  weight  on  the  vehicle  load,  with 
the  heavy  axle,  will  be  greater  than  that  with  the  light 
axle.  That  may  be  true,  but  it  is  not  in  direct  proportion, 
much  less  a  ratio  of  5  to  1  or  7  to  1.  The  tire  must  and 
does  absorb  much  of  the  shock  due  to  the  greater  inertia 
of  the  heavier  axle.  From  this  it  is  inferred  falsely  that 
the  tire  must  wear  more.  But  I  have  never  been  able  to 
find  out  that  this  greater  weight  affected  the  tire  wear 
to  any  substantial  extent,  and  I  have  checked  it  since  the 
time  when  we  wrere  first  able  to  get  records  on  the  worm- 
drive  trucks  versus  chain-drive  vehicles.  In  1912  and 
1913  I  could  not  find  that  the  tire  wear  on  the  Pierce- 
Arrow  worm-drive  trucks  was  any  greater  than  that  of 
the  Packard  or  any  other  chain-drive  trucks  in  use  at  that 
time;  in  fact,  what  data  were  secured  pointed  the  other 
way.  We  need  more  information  on  this  subject  of  un- 
sprung weight.  It  is  not  fair  to  make  assumptions  and 
statements  concerning  unsprung  weight  unless  there  is 
substantial  evidence  with  which  to  back  them  up. 

Mr.  Masury: — Mr.  Ford  and  Mr.  Dodge  have  their 
own  standards,  and  not  those  of  any  outside  organization. 
With  regard  to  the  standards  on  the  railroads,  they  are 
not  particularly  attractive  as  to  the  working  out  of  cheap 
transportation  when  judged  by  railroad  earnings. 

A.  G.  Herreshoff: — The  Fifth  Avenue  Coach  Co.  em- 
ploys both  worm  and  internal-gear  axles  for  its  coaches. 
This  company  commenced  operation  with  DeDion  chassis. 
The  axles  were  of  the  internal-gear  type,  the  differential 
assembly  being  bolted  to  the  chassis  frame  and  therefore 
constituting  sprung  weight.  No  mention  has  been  made 
of  this  character  of  axle. 

In  1915,  the  Fifth  Avenue  Coach  Co.  commenced  the 
production  of  its  own  equipment,  known  as  type  A;  the 
rear  axles  were  worm-driven.  In  1918,  a  second  type  was 
evolved,  the  type  L.  These  vehicles  are  hung  very  low 
and  internal-gear  axles  are  used. 

Of  the  different  types  of  axle  above  mentioned,  there  is 
the  least  unsprung  weight  with  the  DeDion;  next  comes 
the  type  L,  the  heaviest  being  the  type  A.  It  is  rather 
difficult,  however,  to  give  any  correct  data  in  regard  to 
the  relative  tire-wear.  Naturally  one  would  expect  the 
best  results  with  the  axles  showing  the  least  unsprung 
weight.  But  it  will  be  realized  that  the  development  and 
employment  of  these  axles  has  been  spread  over  a  long 
period  and  during  this  time  many  improvements  have 
been  made,  particularly  by  the  tire  manufacturers,  the 
net  result  of  which  is  that  the  Fifth  Avenue  Coach  Co's. 
tire  mileage  to-day  is  much  greater  than  it  was  when  the 
DeDion  vehicles  were  in  service. 

Dr.  H.  C.  McBrair: — Mr.  Favary  stated  that  one 
should  not  use  a  reduction  of  greater  than  6  to  1,  but  I 
believe  that  it  is  perfectly  possible  to  go  to  at  least  9  or 
10  to  1  with  spiral  bevels;  in  fact,  he  shows  the  spiral 
bevel  with  a  six-tooth  pinion. 

The  double-reduction  axle  seems  to  be  the  coming  type. 
It  ranges  from  vertical  to  90  deg.  from  vertical.  What  is 
now  needed  for  efficiency  is  a  good  two-speed  axle  of 
simple  construction  and  low  cost,  that  can  be  made  for  a 
chain,  an  internal-gear  or  a  double-reduction  drive.  This 
would  give  four  speeds,  which  would  include  an  extra  low 
and  an  extra  high,  with  only  a  low  and  a  reverse  in  the 
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gear-bos.    An  ax-  i  should  increase  the  tire 

mileage  by  50  per  cent  ar  old  reduce  the  repair 

I:  would  allow  a  full  load  to  be  earned  over  | 
road-  -.-high  gear  with  only  one-half  the  en- 

■    •    lame  load  over  ordinary 
the  regular  high-gear,  thus  elimi- 
heavy  losses  in  the  gear 

■•   axles  for  railroad  work,  an  axle  is 

:'  the  double-reduction 

bevel-gear  rings  and  one  pinion.    This 

axle  gives  the  same  speeds  forward  or  reverse.    Another 

forward  and  a  n 
for  a  chain  drive.     In  the  car,  the  engineer,   who  was 
not  an  automobile  engineer,  placed  his  powerplant  on  the 
-..   thus  providing  a  drive-shaft   less   than   6   in.   in 
length. 

■  ith  railroad  men,  I  find  that  they  all  criticize 
.ir  that  is  made  from  a  truck  design.    They  say  that 
the  axle  is  too  far  from  the  powerplant  and  that,  with  a 
r  radius-rods  on  an  ordinary  truck,  the 
wheels  on  th.  a  tendency  to  follow  a 

:ch  if  the  latter  is  on  the  outside  of  the 
se  the  weight  of  the  car  and  its  passengers 
throw  the  axle  out  of  alignment  in  the  wrong  direction. 
One    railroad    official    has    refused    to    allow    such    two- 
-  on  his  road,  but  he  has  allowed  the  four- 
wheeled  truck. 

Mr.  Favary: — Referring  to  Mr.  Myers'  remarks  about 

ght,  if  the  load  is  the  same,  that  is  to  say, 

-prung  weight,  the  engine  power  and  the  springs, 

then  the  lighter  unsprung  weight  will  be  more  advantage- 

■    -he  exact  data  under  the  conditions 

named  by  Mr.  Myers,  we  cannot  consider  two  trucks,  one 

perhaps  running  at  a  much  greater  speed  than  the  other, 

ne  having  better  springs  than  the  other,  as  a  cri- 

n;  but,  if  all  of  the  conditions  are  alike,  save  the  un- 

ng  weight,  I  maintain  that  the  unsprung  weight  will 

affect  the  riding  quality  and  the  wear  of  the  tires   in 

direct  proportion  to  its  lightne-s.     Nothing  that  I  have 

heard  so  far  would  make  me  change  that  opinion. 

warding  Dr.  McBrair's  remarks  on  the  limit  of  re- 
duction of  6  to  1  for  the  double-gear  drive,  I  simply  .said 
that,  ordinarily,  we  find  that  the  limit  of  the  reduction 
of  bevel-gear  drives  is  6  to  1,  but  I  believe  this  will  not 
remain  the  limit,  nor  do  I  think  that  the  final  word  has 
been  said  on  any  one  of  these  different  types  of  axles,  in- 
cluding the  internal-gear-drive  axle.  We  are  looking  for- 
ward to  many  improvements. 

EL    K.   FlELDBB: — The  coaches  with  axles  such  as   Mr. 
eferred  to  were   in  operation    between 
and  1913.    Approximately  160  of  these  vehicles 
in  all.     It  is  interesting  to  note  that  our  average 
tire-cost  taken  over  this  period  was  3.36  cents  per  mile 
and  tha*  •  nt  figure  is  0.86  cents  per  mile.    There 

are.  -.  many  for  this  decrease;   for  ex- 

amp  tire  manufacturing  methods,  improved  ve- 

■icluding  decreased  weight,  and  particularly 
.ndardization   of   metal    wheels 
and,  last  but  i  er  operating  and  repair  super- 

:■■■■./'•    factor  is  very  impor- 

of  tire  and  of  road  wear;  and 

latter,  we  may  soon  face  heavy  tax- 

ilarly  bearing  in  mind  the 

of  a  much  more  general  u 

the  r. 

hat  with  solid  axle-sh 
of  1.  might  be  expected  in 


nection  with  heat-treatment.    We  have  not  found  this  to 

Ik-  the  case.  The  axles  of  all  our  type-A  coaches  an 
the  semi-floating  type.  The  drive  shafts  are  of  large 
size.  They  are  made  from  3.5-per  cent  nickel  0.40-per 
cent  carbon  tubes.  Parallel  tubes  are  cut  to  suitable 
lengths:  then  the  ends  are  swaged  taper.  This  construc- 
tion has  worked  out  exceedingly  well,  and  so  far  no  fail- 
ures have  been  experienced.  It  should  be  mentioned  that 
this  type  of  drive-shaft  is  approximately  66  lb.  lighter 
than  the  original  solid-shaft  design. 

From  the  standpoint  of  the  large  operator,  it  is  highly 
desirable  that  wheels  be  readily  removable.  The  ideal 
be  able  to  take  off  a  wheel  without  disturbing  any 
other  part.  In  cases  where  it  is  necessary  to  remove  the 
bearings  and  the  like,  there  is  always  a  possibility  of  the 
introduction  of  dirt  or  other  foreign  matter,  and  great 
must  lie  exercised  in  connection  with  the  reassembly 
and  adjustment.  Generally  speaking,  it  is  necessary  to  re- 
move wheels  during  the  inspect ional  period  and  also 
where  the  tires  require  renewal.  The  process  of  wheel 
removal  should  be  made  so  simple  that  it  can  be  carried 
out  safely  by  the  most  unskilled  type  of  workman. 

Referring  to  Mr.  Favary's  remarks  in  connection  with 
the  unsprung  weight,  certainly  we  dislike  weight  in  any 
form;  but  we  believe  that  weight  at  the  center  of  an  axle 
is  less  harmful  than  at  its  outer  extremities,  that  is 
the  wheels,  for  it  is  seldom  that  both  wheels  of  a  \ chicle 
make  contact  with  a  bump  or  depression  at  the  same  time. 
Usually,  one  wheel  only  is  affected.  Assuming  for  ex- 
ample, that  one  wheel  mounts  a  ridge  2  in.  high,  the 
movement  at  the  center  of  the  axle  will  be  approximately 
1  in.;  therefore,  the  kinetic  energy  in  the  mass  will  be 
less  if  the  bulk  of  the  weight  is  located  at  the  center  of 
the  axle  than  if  its  location  were  at  the  outer  extremities. 

Mr.  Masury:— How  much  mileage  has  the  axle  of  the 
newer  internal-gear  type  made?   How  has  it  worked? 

Mr.  Fikldkr: — Our  type-L  coaches,  which  are  equipi»  d 
with  internal-gear  axles,  are  being  operated  in  New 
York  City.  Detroit,  Baltimore  and  Pittsburgh.  The  larg- 
peration  is  in  Detroit  where  there  are  approximately 
70  of  these  vehicles,  the  majority  of  which  have  done  18 
months  of  service  or  more.  Quoting  recent  figures,  the 
lowest  mileage  of  any  coach  is  approximately  40,000  and 
the  highest  approximately  80,000.  According  to  official 
statements  issued  by  the  Detroit  Motorbus  Co.,  ex- 
ugly  good  tire-mileage  is  being  obtained,  this  being 
at  least  equal  to  that  in  our  own  operation  here  in  New 
York  City. 

Mr.  Favary: — I  believe  we  must  discard  everything 
we  know  BO  far  as  tire  mileage  of  a  few  years  ago  is  con- 
cerned, when  we  make  a  comparison  with  present-day 
A-  Mr.  Fielder  has  indicated,  the  tires  are  differ- 
to-day;  the  quality  of  the  tires  is  very  much  different 
from  what  it  used  to  be. 

Lighter  unsprung  weight  does  not  damage  the  road 
much.   The  two  are  interrelated  because,  the  heavier  the 
blow  against  the  road  surfaces  is,  the  heavier  tin-  blow 
against  the  tire  will  be.   However,  here  also  we  can  make 
no  comparison  unless  we  have  tires  of  the  same  quality. 

SAMUEL  H.  Wood.-:  We  have  heard  very  little  about 
a\l.-  housings.  In  the  dual-reduction  axle  housing,  we 
are  <<  ingle  drop-forged  member.     In  so  doing  we 

are  naturally  getting  the  benefit  of  material  that  has 
pretty  thoroughly  worked  as  compared  with  a  cast  or 
built-up  structure.  Also,  we  are  able  to  forge  on  the 
spring-saddles,  therein-  getting  away  from  the  weakening 
effect  of  attachments  by  riveting  or  other  means.  In  the 
same  axle,  due  to  our  peculiar  carrier  construction,  we 
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have  extreme  accessibility  not  only  of  the  entire  differen- 
tial carrier,  but  of  its  various  components.  For  instance, 
we  can  remove  the  pinion  and  bearings  or  the  counter- 
shaft and  its  bearings.  In  that  way  we  can  change  the 
gear-ratio  very  easily. 

Chairman  H.  W.  Slauson  : — The  construction  to  which 
you  refer  is  covered  in  Mr.  Favary's  paper  by  a  short 
description. 

M.  C.  Horine: — I  think  Mr.  Woods'  point  is  that  Mr. 
Favary  did  not  cover  what  we  call  the  banjo  construction. 
A  peculiar  feature  of  construction  is  that  the  banjo  is 
placed  at  an  angle  of  45  deg.  instead  of  being  vertical,  as 
in  an  ordinary  passenger-car  axle;  it  inclines  forward  at 
the  bottom.  There  are  some  very  good  reasons  for  that 
arrangement.  First,  it  provides  greater  strength.  We 
know  that  the  shocks  from  the  road  are  not  vertical  but, 
because  of  the  forward  motion  of  the  vehicle  and  the 
shocks  that  are  received  from  obstructions  on  the  road, 
the  forces  acting  on  the  axle  are  a  combination  of  hori- 
zontal and  vertical  components  which  are  resolved  into 
an  angular  thrust.  Of  course,  the  strength  of  the  banjo 
is  greatest  through  it,  instead  of  across  it.  Another  ad- 
vantage is  the  increased  road-clearance.  The  revolving 
of  the  bottom  portion  of  the  banjo  yoke  toward  the  front 
raises  it  at  the  same  time  and,  at  45  deg.,  it  happens  that 
the  lowest  portion  of  the  banjo  is  just  about  on  a  line 
with  the  lowest  portion  of  the  large  ring-gear  or  bull- 
gear.  A  further  advantage  that  comes  from  the  45-deg. 
angle  is  that  we  are  able  to  obtain  greater  top-clearance. 
Top  clearance  is  becoming  of  greater  importance,  owing 
to  motorbus  development  that  requires  a  low  flooring.  Be- 
cause of  the  second  and  third  advantages,  it  is  possible  to 
use  a  larger  size  of  banjo,  a  larger  banjo-ring.  This  is 
one  means  of  getting  greater  strength.  Another  advan- 
tage in  the  45-deg.  angle  is  that  the  spur-pinion  or  jack- 
shaft  can  be  located  anywhere  that  is  convenient.  This 
enables  the  bevel-pinion  center  to  be  located  exactly  at  the 
height  from  the  ground  that  the  crankshaft  occupies 
under  full  load,  thereby  securing  a  straight-line  drive. 
This  also  has  its  effect  on  the  universal  action,  because 
the  nature  of  the  deflection  is  a  combination  of  fore-and- 
aft  and  angular  deflections;  so,  we  get  approximately 
equal  slip-joint  and  angular  action  as  against  a  greater 
proportion  of  slip-joint  action  in  a  vertical  banjo,  and  a 
very  much  greater  angular  deflection  on  the  type  of  axle 
where  the  spur-pinion  shaft  is  located  immediately  in 
front  of  the  differential,  therefore  bringing  the  bevel 
pinion  at  a  lower  elevation. 

The  45-deg.  angle  also  greatly  facilitates  the  removal 
and  replacement  of  the  carrier,  which  is  sometimes  neces- 
sary in  double-reduction  and  worm-drive  axles.  If  the 
banjo  were  horizontal,  it  would  be  necessary  to  lift  the 
carrier  vertically.  There  is  usually  a  lack  of  top  clear- 
ance under  a  truck  body  for  this  operation,  which  re- 
quires the  removal  of  either  the  body  or  the  axle  from  the 
truck.  It  is  also  difficult  to  line-up  the  banjo  or  axle-bowl 
studs  with  the  holes  in  the  carrier  flange  when  the  carrier 
must  be  lowered  straight  down.  If  it  were  vertical,  as 
on  passenger-car  axles,  the  carrier  would  have  to  be 
drawn  straight  forward  and  the  studs  lined  up  by  lifting 
vertically.  This  is  even  more  difficult.  The  45-deg.  angle 
decreases  the  amount  of  vertical  lift  by  half,  and  makes 
it  possible  to  remove  the  carrier  without  disturbing  the 
load,  the  body  or  the  attachment  of  the  axle  to  the  chassis. 
In  replacing  it,  the  studs  are  lined  up  with  the  holes  in 
the  carrier  flange  without  difficulty,  since  their  angular 
relation  permits  them  to  be  lined-up  by  merely  swinging 
the  unit. 


Another  effect  of  that  arrangement  is  that  the  weight 
of  the  carrier  is  carried  slightly  ahead  of  the  central 
line  of  the  axle,  thereby  throwing  the  axle  out  of  balance 
statically.  That  is  of  advantage  because  the  driving  or 
torque  reaction  tends  to  cause  the  axle  to  revolve  back- 
ward. If  it  is  out  of  balance  in  the  forward  direction,  the 
two  unbalances  tend  to  neutralize  each  other  and  we  get 
less  torque-reaction  on  the  spring,  or  on  the  torque-rod, 
than  if  the  axle  were  in  static  balance. 

It  is  worthy  of  note  that  the  development  in  axle 
splines  has  shown  the  advantage  of  using  the  raised  type 
as  against  the  more  conventional  undercut  type.  It  is 
well  known  that  a  spline,  or  any  form  of  channel  that  is 
cut  in  a  piece  of  steel,  reduces  its  strength  approximately 
to  the  strength  of.  a  section  whose  diameter  is  across  the 
smallest  part  of  the  shaft.  If  the  splines  are  raised  over 
the  diameter  of  the  shaft,  then  the  strength  at  the  splines 
is  increased. 

We  have  assumed,  thus  far,  that  double-internal  brakes 
are  a  good  thing.  But  let  us  examine  them  for  a  moment. 
The  reason  we  have  two  sets  of  brakes  is  to  enable  us  to 
alternate  them,  thus  allowing  one  set  to  cool-off  when 
overheated  while  the  other  set  is  applied.  It  is  the  brake- 
lining  that  burns,  but  it  is  the  drum  that  becomes  in- 
candescent. The  brake-lining  will  cool-off  almost  in- 
stantly, but  it  takes  time  for  the  steel  drum  to  cool.  If 
the  first  set  has  heated  the  drum  so  hot  that  it  burns  the 
lining,  applying  a  second  brake  to  the  same  red-hot  drum 
will  not  only  prevent  the  drum  from  cooling-off,  but  will 
cause  the  second  brake  to  burn  almost  immediately, 
whether  it  be  side-by-side  with  the  first  set,  on  the  other 
side  of  the  same  drum  or  in  any  other  arrangement. 

It  is  therefore  desirable  that  the  two  sets  of  brakes  act 
on  entirely  independent  drums.  On  one  type  of  axle  ue- 
scribed  here  in  the  paper,  there  are  two  drums,  one  within 
the  other.  The  objection  to  this  arrangement  is  that  the 
necessarily  restricted  space  makes  it  impossible  to  use 
brakeshoes  sufficiently  large  for  truck  work.  Further- 
more, the  inner  drum  is  reduced  to  a  diameter  too  small 
for  effectiveness  and  is  prevented  from  radiating  its  heat 
properly.  The  only  thing  left,  therefore,  is  either  a 
shaft-brake  or  a  front-wheel  brake.  I  think  we  are  not 
prepared  to  change  to  front-wheel  brakes;  so,  we  have 
nothing  left  but  the  shaft-brake.  In  regard  to  the  much 
maligned  shaft-brake,  it  is  not  fair  to  criticize  a  construc- 
tion because  of  the  failure  of  certain  examples  of  that 
construction.  In  some  cases  it  has  been  used  very  suc- 
cessfully. A  shaft-brake  has  the  advantage  that  it  is 
unaffected  by  the  spring  action.  It  is  a  very  common  ex- 
perience with  rear-wheel  brakes  that,  when  locked  by 
the  hand-lever  when  the  truck  is  left  unattended,  spring 
action  results  in  loosening  the  brakes.  I  had  a  car  several 
years  ago  that  had  that  defect.  If  I  applied  the  brake 
while  sitting  in  the  car  and  then  got  out  of  it,  the  spring 
rebound  would  release  the  brake.  It  was  then  necessary 
to  apply  the  brake  two  notches  farther  before  it  would 
hold  the  car  on  a  grade.  That  is  an  extreme  case,  but  it 
indicates  the  presence  of  such  an  effect.  We  know  that 
motor-truck  springs  are  much  more  affected  by  the  load 
than  those  of  passenger  cars.  The  shaft-brake  is  the  only 
one  not  affected  by  the  spring  deflection  or  the  Hotchkiss- 
drive  reaction;  also,  it  is  the  only  equalized  brake  pos- 
sible because,  while  one  may  equalize  the  pressure  ap- 
plied to  two  brakes,  one  cannot  equalize  the  traction  of 
the  two  wheels  on  the  road  except  through  the  differen- 
tial. 

Mr.  Herreshoff  : — What  was  the  foot-brake  on  the  car 
Mr.  Horine  mentions? 
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Mr.  Houne:-  That  shaft-on  operated  by  the 

■•.aft- 
brake.    I   th:nk  the   hand-lever   is   the  proper   met] 
application.    That  particular  brake  waa  improper!] 
•  d.    It  d:  raD  becaut  ly  not  on 

the  pinion  housing  of 
the  axle.  The  u  that  the  reaction  from  the  torque 

[fa  ihaft-brake  is  mounted 
on  the  frame,  one  will  not  get  any  such  effect.    Much  of 

••  d  OH  experience  with 
re  inclined  to  be  savage  or  to  chatter  badly. 
f  a  number  of  cars  that  were  equipped  with  this 
habitually  used  the  hand-lever,  connected  with   the 
-    in  preference  to  the  pedal  operating 
-haft-brake.   The  trouble  with  these  brakes  was  that 
the  drum  and  the  shoes  were  improperly  supported.   The 
drum  was  usually  secured  to  the  tail-shaft  of  the  trans- 
mit it  overhung  the  rear  transmission-bear- 
ing, the  shoes  being  supported  separately  by  pins  Bcr< 
into  the  •  ■  suit  was  thai  the  drum 

did  not  run  true  and  the  shoes  were  deflected  by  the  sud- 
den strains  put  upon  them.  This  had  the  effect  of  rapidly 
applying  and  releasing  the  brake.  No  wonder  it  chat- 
tered. These  things  cannot  happen  when  the  brake-drum 
.pported  between  two  bearings,  with  a  universal  on 
either  side  and  the  entire  brake  assembly,  including  the 
bearings  for  the  drum  shaft,  brakeshoes  and  actuating 
means  are  supported  on  one  rigid  carrier. 

Mr.  Masury: — Will  Mr.  Fielder  describe  the  rear  axle 
of  the  internal-gear  type  that  is  built  for  the  Detroit 
bus- 

Mr.  Fielder: — The  rear-axle  construction  of  our  type- 
L  coaches,  a  number  of  which  are  operated  by  the  De- 
troit Motorbus  Co.,  is  rather  unconventional;  for  ex- 
ample: 

The  carrying  member  is  a  heat-treated  forged  job. 
In  this  way  we  are  able  to  obtain  material  with 
absolutely  uniform  properties  and  also  there  is 
a  wide  range  of  choice.  Full  advantage  can  be 
taken  of  alloy-steels  and  proper  heat-treatment. 
Naturally,  the  use  of  high-grade  material  per- 
mits the  use  of  minimum  sectional  or  wall  thick- 
nesses, and  this  is  a  very  important  factor  from 
the  standpoint  of  weight  reduction 

The  ends  of  the  carrying  members  are  cranked, 
the  wheel  spindles  being  located  above  the  drive- 
shaft  center-line.  This  construction  permits  an 
extreme  low  level 

The  design  of  banjo  is  such  that  it  is  inclined  at 
an  ting    to    the    path    through 

which  the  brake  reactions  must  pass.  In  this 
manner  the  extreme  fibers  in  the  housing  mate- 
rial are  distributed  in  the  direction  of  the  great- 
est stresses 

Ml  :— Naturally,  the  Fifth  Avenue  Coach  Co. 

particular  type  of  axle.    If  it  sees 

•■  of  axle,  it  can  use  a  built-up  or  a 

.■  to  h<ar  from  a  company  that 

the  type  of  axle  it   buil<: 

■    •    ..    ■  •  .:•    ■  he    .vi m  . 
•     •  •    ■  ■••  •  :    I    pes   of  axle 
that 

Mr.  Favak  not  see  why  the  double-reduction 

axle  canr  long.    I  know  of  worm- 

gear  axles  that  ha  on  and  of  others  that 

tnply  depends  upon  the 

which  the  worm  is  subjected;   if 

the  |  ve,  the  worm  will  wear  a  long 


time.  If  the  pressure  is  excessive  or  if  the  lubrication 
should  fail,  the  worm  drive  may  be  damaged  within  a  verj 
short  time.  Ordinarily,  it  docs  not  fail  in  a  short  time, 
Finlky  K.  Porter: — In  discussing  the  difference  be- 
tween  rear-wheel  and  propeller-shaft  brakes,  no  si 

.-tctns  to  have  been  placed  upon  the  relative  amount  of 
work  performed  by  these  two  brakes.  In  trucking,  when 
the  loads  are  excessive,  this  should  be  a  very  important 
matter.  1  do  not  know  why  the  propeller-shaft  brake  is 
not  used  extensively  as  a  service  brake  instead  of  the 
rear-wheel  brake, 

Mr.  Favary: — There  is  no  doubt  that  the  propell.r 
shal't  or  transmission  brake  has  a  number  of  advantages. 
On  the  other  hand,  the  disadvantages  are  that  the  torque 
is  greater  in  the  axle-shaft,  as  well  as  in  the  propeller- 
shaft  and  the  gears;  therefore,  when  a  propeller-shaft 
brake  is  employed,  heavier  shafts  and  heavier  gears  must 
be  used  to  obtain  the  same  factor  of  safety  and  hence  the 
construction  will  be  more  expensive.  Regarding  the  diffi- 
culties experienced  by  Mr.  Horine  with  wheel  brakes,  if 
the  brake  linkage  is  correctly  designed  these  objections 
are  practically  overcome. 

Mr.  Myers: — I  do  not  want  to  be  interpreted  as  wish- 
ing to  add  weight  to  unsprung  parts.  Everyone  strives 
to  reduce  the  weight  of  the  axle  parts  to  a  minimum;  that 
is  very  important.  But  I  do  wish  to  reiterate  that  the 
matter  of  tire  wear  being  in  proportion  to  the  unsprung 
weight  has  by  no  means  been  proved.  There  are  vary- 
ing conditions  in  almost  every  case  which  entirely  nullify 
any  data  that  I  have  ever  seen  on  this  subject. 

In  regard  to  the  tire  mileage  on  wood  wheels  as  com- 
pared with  that  on  steel  wheels,  the  test  on  unsprung 
weight  that  I  referred  to  was  really  to  check-up  the  ad- 
vantage of  one  wheel  over  another.  We  used  four  trucks 
to  get  an  average  of  24  tires.  We  put  a  wood  wheel  at  the 
right  side  of  one  truck  in  the  front  and  at  the  left  side 
in  the  rear.  On  another  truck,  we  put  the  wood  wheel 
over  on  the  other  side,  so  that  each  front  axle  had  a  wood 
wheel  and  a  steel  wheel.  The  entire  advantage  in  winter 
and  summer  performance  was  about  15  per  cent  in  favor 
of  the  tires  on  the  wood  wheels  over  those  on  the  steel 
wheels. 

Mr.  Fielder: — We  have  had  tires  from  the  same  tire 
company  some  of  which  were  returned  for  credit  because 
of  not  doing  their  guaranteed  mileage,  but  others  in  the 
-ami  batch  would  do  five  times  their  guaranteed  mileage. 
One  cannot  tell  whether  a  tire  is  cured  properly  or  not. 
It  may  be  that  different  qualities  of  tire  were  used  in  the 
Mr.  Myers  mentions. 

MR.  Myers: — The  tires  were  all  made  at  about  the 
same  time  from  the  same  batch  and  received  the  si 
curing.  They  were  inspected  carefully;  the  comparison 
was  so  close  that  we  could  not  detect  any  difference.  I 
will  admit  that  there  may  have  been  some  differences  in 
the  tires,  but  we  took  rare  to  minimize  them.  It  is  re- 
markable that  the  rate  of  wear  on  each  truck  was  differ- 
ent, and  the  rate  of  wear  on  the  four  tires  on  each  truck 
was  grouped,  showing  that  the  tires  must  have  been  very 
nearly  of  the  same  composition. 

Mb.  HORINE : — From  that  test  we  may  at  least  assume 
that  Mr.  Fielder's  mileage  experience  with  tires  was  not 
very  much  affected  by  whether  the  wheels  were  wood  or 
steel;  BO,  the  decreased  unsprung  weight  must  be  the  ex- 
planation of  tb<-  better  tire  wear  one  gets  on  the  lighter 
axle. 

Mk.  MYERS:  Hut  the  results  show  that  there  was 
less  tire  wear  on  the  axles  with  the  greater  unsprung 
weight. 
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Maurice  Walter: — The  wood  wheels  are  probably 
much  different  in  weight  compared  with  the  steel  wheels, 
and  their  inertia  effect  is  probably  enough  greater  to  give 
an  unbalanced  differential  action.  In  the  ordinary  truck 
there  is  a  certain  differential  action,  but  if  one  wheel  has 
a  greater  inertia  than  the  other,  there  will  be  an  unequal 
differential  action  and  the  tire  wear  will  be  entirely 
different  from  that  of  normal  conditions. 

Mr.  Favary: — Inasmuch  as  Mr.  Myers  agrees  that  it 
has  not  yet  been  proved  or  disproved  in  practice  that 
a  light  unsprung  weight  is  favorable,  which  I  maintain, 
I  think  we  ought  to  assume  that  the  theoretical  proofs 
are  correct  until  practice  proves  them  incorrect;  that  is, 
a  lighter  unsprung  weight  is  more  favorable. 

Mr.  Myers: — I  cannot  accept  that,  because  such  evi- 
dence as  I  have  obtained  is  contrary  to  it  and  I  prefer 
evidence  to  theory. 

Mr.  Horine: — Mr.  Rockwell  mentioned  the  proportions 
of  worm-drive  and  double  reduction  axles  in  use  in  Eng- 
land and  prefaced  his  remarks  by  saying,  "Disregarding 
the  chain  drive."  I  think  it  is  not  fair  to  disregard  the 
chain  drive  in  England.  They  have  been  building  trucks 
longer  than  we  have  and  they  redesign  their  trucks  more 
frequently  than  we  do.  It  is  very  interesting  to  notice 
the  number  of  new  heavy-capacity  trucks  in  England, 
post-war  models,  that  have  been  brought  out  with  chain 
drives.    The  chain  drive  is  on  the  increase  in  England. 

In  regard  to  the  quietness  of  the  wTorm  drive,  it  has  been 
said  again  and  again  that  a  quiet  machine  is  an  efficient 
one,  and  that  friction  always  produces  noise.  That  is  a  fal- 
lacy which  is  accepted  at  face  value  and  in  many  cases 
without  question.  Yet  a  worm-drive  axle  is  always  quiet, 
whether  it  is  producing  friction  or  not.  I  have  seen 
worm-drive  axles  so  badly  bound-up  in  their  bearings  and 
on  their  worm  surfaces  that  they  would  stall  the  engine, 
and  still  they  were  quiet.  The  chain  drive  is  very  much 
maligned  because  it  is  noisy.  I  believe  that  the  noise 
of  the  chain  drive  is  one  of  its  greatest  virtues,  because 
it  tells  a  story.  Ingenious  inventors  develop  devices  to 
notify  us  that  certain  parts  require  attention.  A  chain 
drive  is  an  inherent  alarm.  Under  proper  conditions,  it 
makes  some  noise,  but  when  it  becomes  worn  or  out  of 
adjustment  to  a  dangerous  extent  it  gives  an  audible 
warning  which  the  worm  drive  does  not  give.  That 
warning  is  sufficiently  in  advance,  in  many  cases,  that 
it  is  perfectly  safe  to  run  for  two  -weeks  or  more  with 
the  chains  in  that  condition,  and  one  can  change  the 
chains  or  sprockets  at  his  convenience. 

Much  of  the  present  conception  of  the  chain  drive  is 
based  upon  past  experience.  Most  of  our  manufacturers 
have  not  had  any  recent  experience  with  the  chain  drive 
and,  while  they  have  been  developing  various  other  types 
of  drive,  the  development  of  chain  drives  has  gone  on 
and  some  very  genuine  improvements  have  been  made. 
Among  them  are  case-hardened  front  sprockets,  very 
much  larger  sprockets,  more  moderate  reductions  in  the 
chains  and  better  radius-rod  construction.  Radius-rods 
that  are  attached  to  frame  fittings  instead  of  to  jack- 
shafts  and  radius-rods  that  are  in  line  with  chain  centers 
and  therefore  give  less  chance  for  springing  the  axle  and 
jackshaft  together  have  been  adopted. 

Concerning  bevel-gear  reductions,  Mr.  Favary  has 
specified  6  to  1  as  a  limit  in  the  present  state  of  the 
art.  It  is  possible  to  get  a  very  much  lower  reduction 
than  that,  but  it  also  is  a  fact  that  the  amount  of  gear 
reduction  one  can  get  depends  upon  the  amount  of  load 
that  is  being  transmitted  through  these  gears;  the 
greater  that  load  is,  the  less  reduction  one  can  use  because 


of  the  physical  limitation  of  size  that  the  vehicle  im- 
poses. It  is  fair  to  say  that  on  a  very  heavy  truck  the 
maximum  is  4  to  1,  and  on  a  light  passenger-car  one 
might  use  a  greater  reduction  than  6  to  1. 

Mr.  Fielder: — What  mileage  can  be  expected  from 
the  rear-wheel  driving-chains?  And  what  is  the  cost  of 
replacing  the  chains?  It  seems  to  me  that  chains  exposed 
to  the  grit  and  dirt  of  the  roadway  could  not  last  very 
long. 

Mr.  Horine: — Normal  chain-drive  mileage  is  some- 
where between  18,000  and  21,000  miles  in  regard  to  the 
life  of  the  chains.  The  life  of  case-hardened  front- 
sprockets  is  approximately  twice  that  of  the  chain.  The 
rear  sprockets  never  wear  out.  The  front  sprocket  can 
be  reversed  at  the  time  of  the  first  chain  renewal.  The 
cost  of  a  chain  is  as  much  as  $85  for  a  large  truck.  In 
comparing  the  cost  of  chain  replacements,  it  should  be 
borne  in  mind  that  the  age  of  the  truck  has  nothing 
to  do  with  it.  The  cost  of  worm  replacement  during  the 
period  of  truck  life  is  along  a  curve  that  has  its  pro- 
gression from  left  to  right  and  moves  upward. 

C.  W.  Spicer  : — The  extra  weight  or  extra  strength  re- 
quired with  the  propeller-shaft  brake  has  been  cited 
against  it.  That  is  properly  justifiable  in  theory.  How- 
ever, after  fifteen  years  of  specializing  in  propeller- 
shafts,  I  cannot  say  that,  in  practice,  there  is  any  more 
evidence  of  wear  in  the  propeller-shaft  when  the  trans- 
mission brake  is  used  than  when  there  is  none. 

Mr.  FAVARY : — Does  Mr.  Spicer  refer  to  light  cars  and 
trucks,  or  to  heavier  trucks? 

Mr.  Spicer: — I  refer  to  either  size. 

Mr.  Favary: — Then  I  disagree  with  Mr.  Spicer,  be- 
cause we  find  in  the  example  I  have  taken  that  if  a  pro- 
peller-shaft brake  had  been  used,  the  maximum  torque 
due  to  braking  would  have  been  about  97,000  lb.  in., 
whereas  that  due  to  the  engine  is  about  65,000  or  66,- 
000  lb.-in. 

Mr.  Spicer: — The  maximum-torque  stress  on  the  pro- 
peller-shaft due  to  the  transmission  brake  is  that  which 
is  required  to  slip  the  tires  on  the  road.  The  shafts 
should  be  designed  to  slip  the  driving-wheels  under  any 
condition.  The  total  number  of  hours  of  life  of  a  car 
during  which  load  is  applied  to  the  propeller-shaft 
through  the  transmission  brake  is  so  small  and  the 
periods  of  application  are  so  short  that  the  reduction 
in  the  life  of  a  properly  designed  propeller-shaft  due 
to  transmission  braking  has  been  found  to  be  negligible. 
My  comments  are  based  entirely  on  long  experience 
rather  than  on  theory. 

Mr.  Favary  : — I  cannot  see  how  the  dropping  of  a  full- 
floating  axle  into  a  hole  can  make  much  difference  in  re- 
gard to  the  torque.  I  still  maintain  that  a  transmission 
brake  will  put  a  higher  torque  on  the  shafts  in  heavy 
trucks.  We  find  in  practice  that  it  is  not  possible  in 
heavy  trucks  to  slip  the  wheels  with  the  engine  power 
on  dry  roads;  w7hereas,  when  a  propeller-shaft  brake  is 
employed,  the  torque  created  from  the  slippage  of  the 
wheels  is  considerably  higher  than  that  arising  from  the 
engine. 

Mr.  Masury: — I  think  Mr.  Favary  and  Mr.  Spicer  are 
both  correct.  The  real  difficulty  with  propeller-shaft 
brakes  is  not  with  the  brake  itself  but  with  the  element 
of  allowing  a  dead  or  a  nearly  dead  engine  to  be  picked- 
up  by  the  car's  momentum.  This  occurs  in  trucks  and 
large  cars  after  driving  down  a  long  hill.  The  car  gains 
considerable  speed  and  the  drive-shaft  is  running  very 
fast ;  the  energy  necessary  to  accelerate  the  engine  often 
throws  out  the  drive-shaft.    This  is  far  in  excess  of  any 
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I  on  the  propeller-shaft  by 
a   prope.  the    great    ad- 

vantage Mition  through  the  differential 

and  •  'fa  breaking  effort,  far  overcomes  any 

disadvantage.  It  also  leaves  the  brake-drums  on  the 
rear  and  relieves  the  "spin- 

ning and  the  heat  distribution. 

Tr  1    have    had   with   propeller-shaft 

brakes  wa»  ii  r  being  improperly  designed.    § 

we  reached  the  point  when  we  encased  the  brake  me- 
chanism in  ■  put  bearings  on  the  outside  of  it 
and  had  the  brakes  hi  •  -ly  disposed,  the  propeller- 
shaf  ...nly  has  been  very  successful.  It  is 
much  be  the  other  types  in  getting  rid  of  the 
heat  from  the  break-drum.     When  you  get  down  a  long 


hill,  your  brakes   will  be  so  hot    that   you   can   spin  them 
f-round.     It  is  a  question  of  not  letting  those  brake- 
drums   get   warm,   so  they   cannot   distort    with  the  heat 
and  with  the  spinning  action  of  the  brakeshoe. 

I  would  like  to  bring  up  the  question  of  torsion  shafts 
on  the  rear  axle.  The  particular  shaft  I  have  in  mind 
can  be  twisted  around  three  times.  We  have  attached 
considerable  importance  to  the  fact  that  the  propeller- 
shaft  can  move  around  in  torsion.  As  was  pointed  out, 
the  greatest  strain  is  torsional  and.  if  we  use  this  U 
a  spring,  we  soften  down  the  action  of  the  drive  and  the 
propeller-shaft  brake,  which  cannot  be  done  in  a  semi- 
fioating  axle,  because  it  will  not  be  possible  for  it  to  get 
into  a  torsional  action.  One  of  the  great  things  in  favor 
of  the  full-floating  axle  is  that  the  propeller-shaft  is  alive. 


STANDARDS  ADOPTED  BY  LETTER  BALLOT 


THE     p-  -tandards     and     recommended     practices 

printed  on  pp.  565  to  585  inclusive  of  the  June,  1923,  issue 
N  U.  and  approved  at  the  Standards  Committee 
ring  Lake,  N.  J.,  June  19,  were  approved  by 
the  Society  members  by  the  letter  ballot  that  closed  on  July 
The  new  and  revised  data  sheets  containing  the  recom- 
mendations   approved   were    mailed   to   the   members   during 
radically   within  2  months  of  the  time  they  were 
approved    by    the    Standards    Committee    and    more   than    a 
than   former   issues   have  been   mailed.     This 
•■  fact  that  the  revision  in  the  Standards  Com- 
uions     requiring     the     letter     ballots     to     be 
eeks  after  publication  of  the  Standards  Com- 
•ion    in   The  JOURNAL,    instead   of   2   months   after 
■.vas    authorized    bv    the    Council    at 

■.plete   vote   of   all    the   recommendations    balloted 

recorded    in    the    accompanying    table.     The    first 

he  number  of  affirmative  votes  cast;  the  second 

he  number  of  negative  votes  and  the  third  column, 

:'  members  who  did  not  vote  either  way. 

Not 
P 

oes  109 


No 

0 

176 

2 

191 

Subject 

Metric-Type  Thrust  Bali-Bearings 

Metric-Type    Roller    Bearings 

Shaft   and    Housing    Fits   and   Toler 

ances  for  Ball  Bearings 
Rubber  Bushings 
Clips 
Cable  Terminals 

ting-Motor  Mountings 
Battery  Trays  for  Electric  Trucks 
Charging-Plugs  and  Receptacles 
Electric  Vehicle  Motors 
Carbureter  Flanges 
Passenger-Car   Frames 
Iron  and  Steel  Specifications  Part  IX 
Iron  and  Steel  Specifications  Part  X 
Bases,   Sockets   and   Connectors 
Radiator  Nomenclature 
Brake-Lining 
Rod-End  Pins 
Cotter-Pins 
Felt   Specifications 
License-Plates  and  Brackets 
Taper-Fittings  with  Plain  or  Slott.il 

Nuts 
Motor-Truck  Cabs 
Stationary-Engine  Crankshafts 
Stationary-Engine    Belt-Speeds 
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9 
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0 
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155 
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IN  writing  on  this  subject  in  a  recent  issue  of  the  Eastern 
Underwriter,  G.  D.  Becker,  assistant  engineer  in  the 
:asualty  department  of  the  Underwriters'  Laboratories, 
points  out  that  in  analyzing  the  inherent  hazards  of  an  auto- 
mobile when  considered  under  general  groups  that  can  be 
ipplied  to  any  automobile,  several  main  items  must  be  given 
ittention.  These  are  the  storage  of  fuel,  the  fuel-feed  sys- 
:em,  the  fuel  line  and  fittings,  carburetion,  electrical  equip- 
nent,  the  exhaust  system  and  miscellaneous  items.  The 
nethod  employed  by  the  Underwriters'  Laboratories  in  an- 
ilyzing  automobiles  from  the  fire  hazard  viewpoint  is  out- 
ined  below. 

STORAGE  OF  FUEL 

Capacity  of   Tanks. — Not   less  than   10  gal.  nor  more 
than  35  gal. 

Location  of  Tank. — At  rear  of  car  and  not  enclosed 
in  body 

Construction    of    Tank. — Strength    of    materials     and 

designtof  tank 
Tank   Mounting. — Mounted     to     prevent    chafing     and 

excessive  wearing  of  frame  being  transmitted  to  tank 

FUEL-FEED  SYSTEM 

Gravity. — Pressure-release  valve  provided 
Pressure. — Construction  of  vacuum  tank 
Vacuum. — Location  of  vacuum  tank 


FUEL    LINE   AND   FITTINGS 

Tubing    and    Connectors. — Tubing    annealed,    seamless 
and  "non-corroding"  material 
Tubing  suitably  secured  at  all  points  to  prevent  chaf- 
ing and  protected  from  injury 
Feed  line  above  road  clearance 
Gages  and    Reserve. — Quantity    indicator    of    suitable 
type  provided  and  correctly  installed 
Reserve  section  provided  in  main  supply  tank 
Shut-Off s. — Shut-off  valve  provided  to  shut  off  supply 
of  fuel  from  storage  or  vacuum  tank  to  carbureter. 
Shut^off  operable  from  driving  compartment 

CARBURETION 

Design  of  Carbureter. — Eliminating  excessive  back- 
fire due  to  improper  carbureter  design 

Location  of  Carbureter. — -Located   remote  from   spark 
or  flame  emitting  devices 
Use  of  suitable  air-horn  to  arrest  back-fire  flame 

Provision  For  Drainage—  Carbureter  provided  with 
attachment  to  insure  direct  drainage  of  over-flow 
gasoline  to  ground  without  traps  or  similar  hazards 

ELECTRICAL  EQUIPMENT 

Wiring  Materials. — High-tension   wires  provided  with 
proper  insulation 
Low-tension  wires  provided  with  proper  insulation 
Low-tension  wires  of  ample  copper  capacity  and  me- 
chanical strength  to  carry  current  load 
Wiring     Coyinectors. — Splices     made    in     workmanlike 
manner  and  suitably  protected 
Terminal  connections  used  on  all  wires 
Wiring  Supports. — All    wires    supported    at    frequent 
points  to  avoid   drooping,   chafing  and   excess  vi- 
bration 

Wiring  Protection. — From  mechanical  injury 
Damage  to  insulation  from  heat 
Exposed  to  accumulation  of  grease,  oil  or  gasoline 


Devices. — Instruments  and  devices  of  suitable  design 
Fuses  or  other  automatic  overload  protective  devices 
used  in  low-tension  circuits 

Circuits. — Provision    for  inspection  lamp   circuit 
Ignition  system  not  of  multiple  spark-plug  type 

EXHAUST    SYSTEM 

Position. — Exhaust     pipe     and     muffler     above     road 
clearance 

Exhaust-pipe  clearance  from  fuel  tank  and  combus- 
tible materials 

Exhaust  not  exposed  to  accumulation  of  grease,  oil 
or  drippings 
Muffler  and  Cut-Out. — 'No  cut-out   used;    if   used,   not 
operable  from  driving  compartment 

Discharge  of  exhaust  directed  away  from  combustible 
material 

Muffler    and    connections    installed    in    workmanlike 
manner 

Muffler  sufficiently  strong  to  withstand  internal  ex- 
plosions and  not  heat  beyond  reasonable  point 
Exhaust   Heater. — Exhaust  heater    properly   installed, 
avoiding  excessive  temperature  rise  in  surrounding 
materials 

MISCELLANEOUS 

Mud  Pan  Construction 
Horizontal  Side  Plates 
Vertical  Side  Plates 


The  testing  of  the  individual  units  that  are  used  in  auto- 
mobile construction  is  very  essential  in  order  that  the  hazards 
may  be  reduced  to  a  minimum.  In  the  outline  mention  is 
made  of  the  strength  of  the  muffler  to  resist  internal  ex- 
plosions. This  is  determined  by  mounting  the  muffler  on  a 
standard  test  block  and  subjecting  it  to  repeated  explosions. 
When  the  test  is  completed  an  examination  of  the  muffler  is 
made  to  ascertain  the  extent  of  the  damage  and  the  distor- 
tions. The  head  and  the  longitudinal  seams  must  be  intact  and 
the  baffles  and  the  inner  shells  must  not  have  become  distorted 
to  such  an  extent  as  to  allow  the  hot  exhaust  gases  to  come 
in  contact  with  combustible  materials.  Similar  tests  are  made 
on  all  units,  such  as  the  carbureters;  vacuum  tanks;  ignition, 
starting  and  lighting  systems;  exhaust  heaters  and  numerous 
accessory  devices.  To  minimize  the  inherent  fire  hazard  in- 
cident to  the  design  and  construction  of  automobiles,  the 
Underwriters'  Laboratories  at  the  request  of  an  automobile 
company  will  send  an  engineer  to  the  plant  to  analyze  the 
vehicle  according  to  the  specifications  printed  above.  The 
hazards  that  may  ultimately  cause  a  fire  as  shown  by  long 
experience,  extensive  tests  and  careful  research  are  noted 
and  recommendations  for  changes  in  the  design  are  made. 
Usually  these  recommendations,  such  as  additional  supports 
for  the  fuel  line  and  the  wiring  system  or  changing  the  ex- 
haust manifold  casting  to  give  a  greater  clearance  between 
the  exhaust  pipe  and  the  toe-board  involve  only  a  slight  in- 
crease in  the  cost. 

In  addition  to  examining  automobiles  at  factories  the  fire 
hazards  of  accessory  equipment  should  be  minimized  as  much 
as  practicable.  Among  the  accessory  devices  received  by  the 
Underwriters'  Laboratories  for  testing  are  engine  heaters, 
heaters  that  employ  exposed  sparks  and  use  gasoline  for  fuel, 
electric  carbureters,  manifold  heaters  and  the  like.  When  a 
device  is  submitted  for  examination  and  test  a  plan  of  in- 
vestigation is  drawn  up  to  consider  the  extreme  conditions 
under  which  the  device  may  present  a  serious  fire  hazard. 
Tests  are  then  conducted  and  the  manufacturer's  attention 
is  called  to  features  of  the  device  that  may  have  a  bearing 
not  only  upon  fire  hazard  but  also  upon  the  accident,  collision 
and  theft  hazards. 
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Research  Topics  and  Suggestions 

rl  plana  to  present  under  this  heading  each  month  a  topic  that  is  pertinent  to  the 
"fne  research,  and  is  titlur  of  special  inttrcst  to  sonu  group  of  tin  Society  member- 
ship I  to  some  particularly  urgent  problem  of  the  industry.    Since  the  object  of  tin  department  is  to  act 
as  a  elearing-houst   for  rtsearch  information,  we  shall  bt   pleased  to  receive  the  comments  of  members  regarding 
■■!,  and  their  suggestions  as  to   what  might  be  of  inttrcst  in  this  connection. 

Bl'REAU  OV  Pl'BLIC  ROADS  HIGHWAY  TESTS 


HIGHWAY  research  and  the  closely  related  problem?  of 
automobile  transportation  are  now  attracting  a  lively 
interest  among  engineers.  At  the  open  session  of  the 
Society's  Highways  Committee,  held  during  the  Summer 
ng.  a  large  number  of  our  members  discussed  very 
profitably  the  program  of  highway  research  initiated  by  the 
Bureau  of  Public  Roads  and  planned  as  a  cooperative  project 
in  which  our  Society,  the  National  Automobile  Chamber  of 
Commerce,  the  National  Research  Council,  the  Post  Office 
Department  and  the  Rubber  Association  of  America  were 
invited  t'  Since  this  meeting  at  Spring  Lake,  N.  J., 

the  tentative  plans  have  been  perfected  and  the  preliminary 
arrangements  have  progressed  so  far  that  actual  tests  are 
now  under  way. 

The  tests  are  being  conducted  at  the  Arlington  (Va.) 
Experimental  Farm  of  the  Department  of  Agriculture  where 
a  series  of  concrete  test-slabs,  varying  in  thickness  from  4 
to  10  in.,  have  been  laid  on  three  different  types  of  sub- 
grade,  the  latter  having  been  chosen  to  represent  extreme 
and  average  conditions.  A  number  of  trucks  of  different 
capacities  and  tire  equipment  have  been  chosen  for  use  in 
the  work. 

The  tests  will  embrace  an  extensive  series  of  runs  over 


the  test-slabs  with  the  trucks  under  various  conditions  of 
load  and  speed  and  with  obstructions  arranged  and  pro- 
portioned so  as  to  simulate,  as  nearly  as  i>ossible,  actual 
service  conditions;  these  conditions  will  be  determined  by 
making  preliminary  runs  over  a  road  whose  roughness  may 
be  considered  as  typical.  During  these  preliminary  runs, 
an  accelerometer  suitably  mounted  upon  the  truck  will  give 
indications  from  which  typical  maximum-impact  conditions 
can  be  determined  and  later  duplicated  upon  the  test-slabs 
by  arranging  the  obstructions  so  as  to  produce  equivalent 
impact-forces.  The  effect  of  these  forces  upon  the  road  will 
be  determined  by  strain  gages  mounted  at  various  locations 
in  the  slabs. 

It  is  hoped  that  the  results  of  these  tests,  which  will  prob- 
ably require  more  than  a  year  to  complete,  will  be  of  value 
not  only  to  the  highway  engineer  but  as  well  to  the  designer 
and  manufacturer  of  automobiles,  tire  and  wheel  equipment, 
etc.  Furthermore,  the  outcome  of  the  tests  should  prove 
to  be  of  considerable  importance  in  supplying  a  rational 
basis   for   future   highway   legislation. 

The  Society  is  keeping  in  close  touch  with  the  tests  through 
its  Highways  Committee,  the  Truck  Division  of  the  Stand- 
ards Committee  and  its  Research  Department. 


MOTION     AND     I'OIU  ES     BETWEEN    WHEEL  AND  ROAD 


A  discussion  of  the  motion  and  forces  obtaining  between 
the  wheel  of  an  automobile  and  the  road  appeared  on  p.  171 
of  the  August  issue  of  The  Journal.  This  material  was  in 
the  nature  of  a  preliminary  analysis  and  introduction  to  a 
paper  by  Dr.  B.  J.  Babbitt  of  the  Bureau  of  Standards  in 


which  the  problem  is  treated  mathematically.  As  announced 
in  that  issue  of  The  Journal,  it  was  hoped  that  this  paper 
would  be  ready  for  presentation  this  month,  but  owing  to 
an  unforeseen  delay  we  find  it  impossible  to  print  the  papeT 
at  this  time.     It  will,  however,  appear  in  the  near  future. 


GEAR-GRINDING  AND  TOOTH-EORMS 


I  he  paper  bearing  this  title  that  was  presented  by  Glenn 
tffly  at  the  March  meeting  of  the  Detroit  Section  and 
printed  in  the  June  issue  of  THE  Journal,  a  number  of 
errors  crept  in.  Some  of  these  were  typographical  and 
others  were  due  to  mistakes  or  lack  of  clearness  in  the  copy 
that  was  supplied  by  the  author.  While  these  errors  will  all 
be  corrected  when  the  paper  is  printed  in  the  Transact  i 

listed  below  so  that  members  who  desire  to  do  so 
can  correct  the  paper  in  their  copies  of  The  Journal. 

i~> — In  the  third  line  from   the  end  of  the  second 
paragraph  of  the  abstract  "gear  cutting"  should 
eat  grind 
p.  546 — The  triangle  at  the  left  should  have  the  right 
adjacent   to    the   side   marked   "cosine" 
tte  to  it 
'-.  the  third  line  above  Fig.  6  "I"  should  be  "1" 
'   Fig.   8   "hobbing"  should  be 
changed  to  "ra'k  tooth" 

(  the  tooth  profile  at  the  left  of 

.-.  11  sho  .  r  as  a  series  of  flat  spots 

'  a  smooth  curve 

Line    above    Fig.    12   "two"   should   be 

our" 

In  the  caption  of  Fig.  12  the  words  "carrying 


the  grinding  wheel"  in  the  second  line  should 
be  omitted 

p.  549— In  the  caption  of  Fig.  17  "depth"  should  be 
changed  to  "width" 

p.  552 — The  pressure  angle  value  of  "18  deg.  37  min." 
which  occurs  in  the  last  two  paragraphs  in  the 
second  column  should  be  "16  deg.  44  min." 

p.  553 — In  the  sixth  line  from  the  top  and  in  next  to 
the  last  line  in  the  first  column  the  angle  should 
be  "16  deg.  44  min."  and  not  "18  deg.  37  min." 
as  printed 

In  Fig.  24  the  term  "pitch  angle"  that  appears 
four  time-  m  the  'entral  gear  and  once  in  each 
of  the  three  other  gears  should  read  "pr< 
angle" 

Th<-  steel  tapes  connecting  the  two  base-circle 
in  Fig.  25  cannot  be  seen.  In  each  of  the 
five  views  these  tapes  can  be  shown  by  drawing 
two  lines  tangent  to  the  two  circles  and  cross- 
ing each  other  like  the  base  circle  tangents  do  in 
Figs.  5  and  6.  These  tapes  act  as  crossed  belts 
causing  the  two  discs  to  rotate  at  equal  periph- 

{Concluded  on  p.  249; 
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Automobile  Head-Lamp  Regulation 


By  James  J.  Shanlet1 


Semi-Annual  Meeting  Paper 


rPHE  author  outlines  the  present  status  of  state 
*■  regulation  of  automobile  head-lamps  and  head-lamp 
devices  as  practised  by  the  State  of  New  Jersey.  The 
1922  Report  of  the  Committee  on  Motor- Vehicle  Light- 
ing of  the  Illuminating  Engineering  Society  was  used 
as  a  basis,  and  the  adoption  of  its  recommendations 
was  begun  then. 

The  Commissioner  of  Motor  Vehicles  of  New  Jersey 
was  instrumental,  about  1921,  in  forming  a  Conference 
of  Motor- Vehicle  Administrators  to  hold  quarterly 
meetings,  its  members  including  the  administrators  of 
10  states  who  pledged  themselves  to  secure  the  necessary 
legislation  in  their  respective  states  to  have  these  reg- 
ulations put  into  effect.  Later,  out  of  about  200  devices 
considered,  the  committee  recommended  22  that  met 
the  standard,  and  the  conference  adopted  this  list  as 
constituting  "approved"  head-lamp  devices  in  April, 
1923. 

NEW  JERSEY  was  one  of  the  pioneer  States  in  the 
regulation  of  glare  from  automobile  head-lamps 
but,  previous  to  1923,  we  in  New  Jersey  were 
more  concerned  about  the  elimination  of  glare  than  we 
have  been  about  the  actual  amount  of  driving  light  avail- 
able to  a  driver. 

When  the  Department  of  Motor  Vehicles  took  up  this 
problem  some  years  ago,  many  of  the  devices  on  the  mar- 
ket that  were  intended  to  eliminate  glare  were  very 
crude.  The  department  approved  for  use  many  of  these 
devices  on  the  theory  that  almost  anything  that  diffused 
or  broke-up  the  beam  of  light  was  preferable  to  the  use 
of  a  naked  reflector.  However,  when  the  1922  Report  of 
the  Committee  on  Motor- Vehicle  Lighting  of  the  Illumin- 
ating Engineering  Society  became  available  to  us,  we 
changed  our  viewpoint  and  began  to  adopt  measures  to 
conform  to  its  recommendations.  Incidentally,  the  au- 
thority of  Motor  Vehicles  Commissioner  Dill  under  our 
present  statute  is  such  that  no  additional  legislation  was 
necessary. 

Commissioner  Dill  was  instrumental  about  2  years  ago 
in  forming  the  Conference  of  Motor-Vehicle  Administra- 
tors with  the  officials  of  the  following  States  as  members : 
Maine,  Vermont,  New  Hampshire,  Massachusetts,  Con- 
necticut, New  York,  New  Jersey,  Pennsylvania,  Mary- 
land and   Ohio.     Commissioner   Dill  of  New  Jersey   is 


1  Inspector,   department  of  motor  vehicles,   State  of  New  Jersey, 
Trenton,  N.  J. 


president  of  this  conference,  which  holds  quarterly  meet- 
ings; one  of  its  objects  is  the  securing  of  uniform  auto- 
mobile laws  in  the  neighboring  member  States. 

At  the  April,  1922,  meeting  of  this  conference,  the 
head-lamp  situation  was  taken  up  and,  at  the  July,  1922, 
meeting,  the  conference  adopted  the  1922  specifications 
of  the  Illuminating  Engineering  Society  as  a  standard 
for  the  approval  of  head-lamp  devices.  The  members  of 
the  conference  pledged  themselves  to  secure  the  neces- 
sary legislation  in  their  respective  States  to  put  these 
regulations  into  effect. 

At  this  July,  1922,  meeting,  the  conference  also  ap- 
pointed a  special  head-lamp  committee  to  examine  head- 
lamp devices  and  to  recommend  to  the  conference  which 
devices  to  approve  and  which  to  reject  as  not  conforming 
to  the  1922  Standard  of  the  Illuminating  Engineering 
Society.  After  much  preliminary  work,  this  special  com- 
mittee held  two  all-day  sessions  in  February,  1923,  at  the 
Electrical  Testing  Laboratories,  New  York  City,  and  two 
sessions  at  Hartford,  Conn.,  in  April,  1923.  This  com- 
mittee drew  up  a  composite  list  of  all  devices  approved 
in  any  of  the  member  States  and  then  proceeded  to  con- 
sider every  device  that  used  the  Illuminating  Engineer- 
ing Society's  1922  Specifications  as  a  standard.  Out  of 
almost  200  devices  considered,  the  committee  found  about 
22  that,  in  its  opinion,  met  the  standard.  The  committee 
recommended  these  devices  to  the  conference  at  its  April, 
1923,  meeting  at  Hartford,  and  the  conference  adopted 
the  committee  list  as  approved  devices. 

The  member  States  of  the  conference  are  now  making 
this  list  official  as  quickly  as  the  statutes  of  the  various 
States  will  permit.  Commissioner  Dill,  of  New  Jersey, 
has  ordered  these  regulations  into  effect  in  New  Jersey 
on  July  1,  1923.  He  realizes  that  the  mere  use  of  ap- 
proved devices  will  avail  nothing  unless  these  devices  are 
installed  properly.  He  is  now  working  out  a  system  of 
stations  under  department  supervision  where  car-owners 
can  have  their  head-lamps  aimed  and  focused  properly. 

It  has  come  to  Commissioner  Dill's  notice  recently  that 
many  head-lamp  devices  on  well-known  cars  are  installed 
improperly  or  carelessly  when  leaving  the  factory,  and 
he  respectfully  asks  the  cooperation  of  automotive  en- 
gineers who  are  engaged  actively  in  car  production  in 
securing  proper  head-lamp  installation,  to  the  end  that 
the  menace  of  glaring  lights  be  removed  from  our  high- 


GEAR-GRIXDIXG  AND  TOOTH-FORMS 

(Concluded  from  p.  248) 


eral  speeds  in  opposite  directions.  The  point 
at  which  the  tapes  cross  establishes  the  pitch 
diameter  for  each  gear 
p.  558 — In  the  22nd  line  from  the  bottom  of  the  first 
column  "a"  should  be  changed  to  "e";  in  the 
19th  line  "6,"  should  be  changed  to  "/";  in  the 
18th  line  "b"  should  be  changed  to  "c"  and  "ai" 


should  be  changed  to  "6";  in  the  16th  line  "a," 
should  be  changed  to  "b"  and  in  the  15th  line 
"bi"  should  be  changed  to  "c."  In  the  19th  line 
from  the  bottom  of  the  second  column  "Fig.  5" 
should  be  changed  to  "Fig.  3,"  and  in  the  16th 
line  "the  tangent  tt"  should  have  read  "the  tan- 
tangent  tU" 
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CLEVE1  \M>H{>   \  [SIT  TIRK  FACTORY 


V i r-«  u-lnoii    1 1  r«-~   Demonstrated  and   Their  Effect  on 
<'.ir  Performance  Discussed 

Journeys  afar  seem  to  be 

ccialty  of  the  Cleveland 
•n.     Akron,  capital  of 
rubberdom,    was    the    dl 
nation  of  its  latest  pilgrim- 
age on  Aug.   17  when  some 
50     members     enjoyed     the 
hospitality  of  the  Firestone 
Tire  &  Rubber   Co.     James 
E.  Hale,  exponent  of  dough- 
nut    tires,     who     acted     as 
chief  host,  read  a  paper  on 
the     qualities     of     monster 
pneumatic   tires,  which  are 
formally,  but  less  generally, 
known  as  air-cushion  tires. 
All    the    Firestone    factory 
buildings     were     inspected 
during    the    visit.     Golf    in 
the  morning   and   a   dinner 
with   cabaret  trimmings   in 
the  evening  were  included  in  the  dajr*s  diversified  program. 
Soon  after  arriving,  the  visitors  assembled  at  the  Portage 
where  they  learned  that  an  18-hole  handicap 
ament  had  been  arranged  for  their  entertainment, 
intensified    by   the    broadcasting   of    the    news 
in  unblemished   cord   tire  awaited   the   member   whose 
•  r  handicap  enabled  him  to  turn  in  the  lowest  net  score. 
;t  to  G.  W.  Carlson  whose  generous  handicap 
reduced  his  net  score  to  69.    Dan  Swander  was  a  close 
second  with  71,  net.     R.  S.  Leonard  recorded  the  low  gross 
which    is   fair   shooting  among   friends.     One 
y  used  tube  of  tire  cement  was  presented  to  A.  J.  Scaife 
.e  unusual  feat  of  accumulating  150  strokes  in  a  mere 
18  holes  and  in  a  half-day's  play! 

palatable  lunch  at  the  Firestone  Club,  the  visitors 
were  loaded  into  cars  of  sundry'  and  divers  makes,  all  of 
which  were  equipped  with  air-cushion  tires.     The  first  stop 


Ha  LB 


was  at  the  Firestone  rim  plant  where  clincher  and  struight- 
side  rims  were  seen  in  process  of  manufacture.  Flat  strip- 
stock  enters  at  the  end  of  a  one-story  building  and  is  rolled 
into  circular  form,  the  ends  are  butt-welded  electrically,  and 
the  basic  rim  is  then  ready  to  start  on  its  way  past  rolls, 
punches  and  inspectors.  Cleaning  and  plating  are  done 
automatically  by  chain  conveyors  that  carry  the  rims  through 
cleansing  solutions,  plating  tanks  and  dryers  to  the  calloused 
hands  of  the  car  loader,  who  waits  impatiently  at  the  end 
of  the  last  chute.  Gravity  and  the  circular  shape  of  the 
rims  solve  all  conveyor  problems;  the  passage  from  operation 
to  operation  is  just  one  roller-coaster  after  another.  This  is 
material  handling  reduced  to  its  simplest  form. 

Wire-braiding  machines,  the  bobbins  of  which  chase  one 
another  about  on  a  surface  plate  like  skaters  cutting  graceful 
figure  8's  on  the  ice,  fascinated  the  members  who  saw  them 
in  the  rim  plant.  Flat  braided  wire  is  used  as  the  foundation 
for  tire  beads,  the  footage  consumed  daily  reaching  large 
figures. 

Passing  on  to  the  tire  plants,  the  visitors  were  shown  the 
highly  developed  unit  devoted  to  building  30  x  3^6-in.  clincher 
tires  exclusively.  Huge  continuous  calender  machines,  rolls 
that  spat  tread  strips  resembling  the  licorice  sticks  of  our 
youthful  days,  the  making;  of  inner  tubes,  tire-building  ma- 
chines, tall  steam-curing  cylinders  and  interesting  automatic 
machines  and  conveyors  too  numerous  to  mention  were  passed 
in  rapid  succession.  Each  step  in  the  tire-building  process 
was  explained  by  men  familiar  with  the  details  of  every 
operation.  Thorough  inspection  was  also  made  of  the  ex- 
pansive plant  devoted  to  manufacturing  tires  of  the  larger 
sizes.  Weary  of  limb,  but  possessing  a  complete  picture  of 
tire  and  rim  manufacture,  the  members  assembled  in  the 
Firestone  auditorium. 

Previous  to  the  technical  meeting,  demonstrating  cars 
transported  the  visitors  over  a  route  that  traversed  railroad 
and  street-car  tracks,  the  brick  pavement  being  dotted  with 
chuck-holes  and  other  irregularities  conducive  to  the  riders' 
imfort.  The  air-cushion  tires  rolled  smoothly  over  these 
obstacles  and  convinced  the  passengers  that  a  distinct  im- 
provement in  ease  of  riding  had  been  accomplished.  Mr. 
Hale  presented  substantially  the  same  technical  paper  that 
made  such  a  favorable  impression  at  the  Semi-Annual  Meet- 
ing.    This  paper  was  printed  on  p.  41  of  The  Journal  for 


Sections  Secretaries 

BUFFALO  Section— J.  W.  White,  1700  Elmwood  Avenue,  Buffalo 

LAND  SECTION — L.  L.  Williams,  1051  Lake  View  Road,  Cleveland 

Dayton  Section — Ernest  Dickey,  Deleo-Iight  Co.,  Dayton,  Ohio 
DETROIT  SECTION — K.  L.  Herrmann,  416  Capitol  Theater  Building,  Detroit 
Indiana  Section — George  T.  Briggx,  Wheeler-Schebler  Carburetor  ('<>.,  Indianapolis 
Metropolitan  SECTION — F.  H.  Dutcher,  Columbia  University,  117th  Street  and  Broad- 

y.  New  York  City 
l£n>Wm  SECTION— H.  0.  K.  Meister,  111  West  Washington  Street,  Chicago 
MINI  .Section — Phil  N.  Overman,  10  South   10th  Street,  Minneapolis 

BNOXANB  Section-- V.  A.  Nielsen,  701  Beacon  Street,  Bo 

v.-.ia  Section — A.  Ludlow  Clayden,  Sun  Oil  Co.,  Philadelphia 

Section— C.  H.  Young,  724  Ninth  Street,  North  West,  City  of  Washington 
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July,  the  comments  made  in  the  discussion  being  reported 
briefly  on  p.  67  of  the  same  issue  and  in  full  on  p.  213  of 
this  issue.  The  effects  on  car  operation  were  treated  fully 
and  included  such  topics  as  car  speed,  steering  ability,  front- 
wheel  shimmy,  traction,  braking  control,  punctures,  blow- 
outs, and  side-sway. 

Leaving  the  aroma  of  smoldering  rubber  and  the  din  of 
machinery,  the  pilgrims  returned  to  the  Portage  Country 
Club  where  their  ravenous  appetites  were  appeased  by  a 
sumptuous  "spread"  set  by  the  Firestone  hosts.  Such  deli- 
cacies as  steam-cured  duck,  gum-dipped  olives,  para  biscuits 
and  caucho  balls  in  latex  were  announced  on  the  menu,  but 
the  chef,  being  a  non-member  of  the  rubber  ring,  bounced 
dishes  of  greater  appeal  off  the  stove.  Thence  followed  a 
chirping  and  colorful  cabaret  accompanied  by  vocal  excesses 
on  the  part  of  the  assembly.  Preference  ran  to  the  follow- 
ing version  of  the  banana  anthem : 

Yes,  we  have  no  balloon  tires;  we  have  no  balloon  tires 
today. 
"Doughnuts"  we  don't  make  'em. 
Who  is  there  would  take  'em? 
And  too  many  balloons  "blow"  away. 
We've  low  pressure  Air  Cushion  Ti-ers! 
All  triers  are  buyers — 
But  Yes!   we   have  no   "balloon"   tires;   we  call   them 
"Air  Cushion"  today. 


Fleet  of   Cars   That   Transported   Akron    Visitors   on   Low- 
Pressore  Air 

In  closing  these  impressions  of  a  successful  meeting,  it  is 
fitting  to  record  that  a  vote  of  thanks  was  extended  to  the 
officials  of  the  Firestone  Tire  &  Rubber  Co.  for  their  hos- 
pitality. Technical  talk,  educational  factory-inspection, 
sports  and  entertainment  were  mixed  in  the  proper  propor- 
tions, so  that  all  who  attended  the  meeting  felt  fully  repaid 
for  the  time  taken  from  business  duties. 


NASH  MOTORS  WILL  WELCOME  MID-WEST 

Cleveland  is  not  the  only  Section  to  include  a  plant  inspec- 
tion in  its  year's  program.  On  Sept.  21,  the  Mid-West  Sec- 
tion will  spend  the  day  at  the  Nash  plant  in  Kenosha,  Wis. 
The  morning  will  be  devoted  to  golf,  followed  by  an  after- 
noon in  the  Nash  plant  and  a  dinner  closed  with  informal 
speeches. 

Prescott  Ritchie  is  chairman  of  the  Program  Committee 
that  has  provided  this  get-together  to  begin  the  year. 


CUTTING   OPERATING   COSTS   IN   TWO 


John  F.  Duby  Bebeves  Proper  Wheel  Alignment  Can 
Effect  Big  Savings 

When  John  F.  Duby  of  the  John  F.  Duby  Co.  addresses  the 
New  England  Section  at  its  September  meeting  he  will  be 
prepared  to  show  how  the  cost  of  operating  a  car  can  be 
reduced  from  5  to  50  per  cent  by  merely  using  the  often- 
overlooked  adjustment  already  on  the  tie-rod. 

Mr.  Duby  has  worked  out  a  short,  easy  method  of  calculat- 
ing the  correct  setting  to  insure  good  steering  with  the  least 


possible  tire-wear.  He  has  made  a  very  thorough  study  of 
wheel  alignment  and  is  ready  to  answer  any  question  on  it. 

Correct  alignment  will  be  discussed  in  detail  and  the  effects 
of  axles,  tie-rods,  king  pins,  radius-rods,  steering-arms,  steer- 
ing gears  and  spring-suspension  will  be  taken  up  separately. 
Both  front  and  rear  wheels  will  come  in  for  close  study. 
Methods  of  testing  rear  wheels  and  axles  for  accuracy  and 
the  usual  causes  of  their  misalignment  will  be  studied  in 
detail.  Front  wheels  will  be  treated  as  completely.  Toe-in 
and  camber  are  also  to  be  thoroughly  discussed. 

The  meeting  will  be  held  at  the  Hotel  Buckminster,  Boston, 
on  Sept.  11,  beginning  promptly  at  8  p.  m.  It  is  surely  un- 
necessary to  point  out  the  value  of  the  meeting  to  Society 
members  in  the  New  England  Section's  territory. 

Committee-work  in  the  New  England  Section  is  in  charge 
of  the  following:  Papers,  I.  D.  Shaw;  Membership,  Harry 
Fosdick;  Meetings  and  Entertainment,  Linwood  H.  Young; 
and  Publication,  James  A.  Moyer. 


RECREATION   MEETING  IN  DETROIT 


Section   Opens  Season  with   Social   Meeting   at   Detroit 
Boat   Club 

Believing  that  good-fellowship  is  conducive  to  successful 
professional  activity,  the  Detroit  Section  will  open  its  year 
of  meetings  with  a  social  gathering  at  the  Detroit  Boat  Club 
on  Monday,  Sept.  10.  Swimming  and  canoe  races  will  start 
the  program  at  4:30  in  the  afternoon.  A  war  canoe  race 
will  be  contested  between  two  crews  each  consisting  of  20 
members.  Diving  contests  will  enable  the  more  sylphlike 
geniuses  of  motordom  to  display  their  dexterity  from  the 
high  board. 

Dinner  will  be  served  at  6:15  and  dancing  will  follow  until 
11  o'clock.  There  will  be  no  speeches,  technics  or  mathe- 
matical debates;  the  occasion  is  simply  an  informal  social 
gathering  of  members,  their  wives  and  sweethearts.  Tickets 
are  priced  at  S3  and  should  be  purchased  in  advance  at  the 
Section  office,  416  Capitol  Theater  Building.  Detroit. 

Detroit  Section  meetings  will  be  well  advertised  this  year 
by  a  Publicity  Committee  under  the  direction  of  W.  B.  Stout. 
Other  Detroit  Section  committees  and  their  chairmen  are: 
Meetings,  George  L.  McCain;  Membership,  Harry  Knepper; 
and  Entertainment  and  Reception,  H.  M.  Rugg. 


ADJUSTMENT  CRUX  OF  LAMP  PROBLEM 


Unusual  Demonstration  to  Be  a  Feature  of  Metropobtan 

Section    Meeting 

R.  N.  Falge,  of  the  National  Lamp  Works  of  General  Elec- 
tric  Co.,  has   demonstrated   that   the   proper   adjustment  of 


C.  B.  Veal,  Treasurer  F.    H.   Dutcher,   Secretary 

Two  of  the  Metropolitan  Section  Officers  for  the  Coming 

Tear 
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Schedule  of  Sections  Meetings 

SEPTEMBEB 

10 — Detroit  Section — Dinner,  dance  and 

W  -eel  Alignment — John  F.  Duby 
TION— The  Single-Eight  and  Its  Merits — J.  G.  Vincent 
SB  nox— Headlights — R.  N 
TION — Inspection  of  Nash  plant,  Kenosha,  Wis. 


Brill  solve  many  of  the  motorist's 

road    illumination,    the    preven- 

I .  >nable  glare  and  the  securing  of  a  better  and 

a   safer  head-lamp  all  depend   on   the   adjustment    that  will 

'ie  the  most  effective  distribution  of  light, 

Mr.  Faige  is  prepared  to  do  more  than  describe  the  type 

.iry  and  list  the  requirements  for  uniform  and 

ry  lamp-service  to  do  away  with  the  difficulties  of 

focusing.     He  will  bring  a   real  car  into  the  meeting-room 

.  practical  demonstration  of  better  head-lamps  and  their 

proper  adjustment. 

■nbers    of   the    Metropolitan    Section    who    missed    Mr. 

-  Spring  Lake  will  be  able  to  hear  it  with  the 

addition  of  new  material  at  the  meeting  on  Sept.  20  at  the 

mobile    Club   of   America,    2'<i    West    54th    Street.    New 

The   meeting,  which  is  scheduled   for  8  o'clock, 

will  be  preceded  by  a  dinner  at  6:30  p.  m. 

"ropulitan  Section  committee-chairmen  are:   C.  B.  Veal, 
J.    \V.   Lord,   Membership;  and  A.  C.   Bergmann, 


I  IGH  l-IVUNK   ENGIN]  - 


Sub  Paper  by  .1.  I  •■  Vincent  .it  I  leveland  Section 

Meeting    1 1 » i  —    Month 

J.   G.   Vincent,  past-president  of  the  Society  and  head  of 
J'ackard   engineering  staff,   will    be   the   speaker    at   the 
and   Section   Meeting,   Sept.    17.     Eight-in-line   engines 
and  four-wheel  brakes  will  be  the  subject  of   Mr.   Vim 

Engineering  information  of  unusual  value  will  be 
presented  and  a  lively  discussion  is  anticipated  because  of 
the   general   in1  the  topic  of   the   paper.     Cleveland 

Section   meetings  are   held   in  the   Cleveland    Hotel   starting 
ind   are   preceded   by   an    informal    supper   and 
social  get-together.    All  members  of  the  Society  are  welcome. 

I    -•::■'.    I  OMMITTEEe 

nmittees  have  taken  on  a  new  importance  in  Cleveland 
There  are  more  of  them  and,   with 
iraw  a  larger  part  of  the  mem- 
ip  into  a':tua  The  Program  Committi      B 

•    chairman,  includes  a  House  Sub-Commit^ 

under  the  general  supervision  of 
.  are  divided  between  the  main  committee  and 
< ,  .    •     -..'■■.-■  n, ■••■■■         Publicil 

of  the   Kntertainment  Com- 
A'hich  K.  I!    Britton  is  chairman. 

by  the  new  admin- 
"/,   a    well-pi 
:  ke  a  minial  it  the 

ulers  well- 


informed  on  Cleveland  Section  affairs.  Past  meetings  are 
reported  and  coming  meetings  announced  in  a  way  to  draw 
a  maximum  attendance.  A  schedule  for  the  whole  year's 
program  is  published  and  suggestions  are  not  only  sought  but 
made  easy  by  a  coupon  to  be  sent  to  the  Secretary.  The 
Junior  Journal  also  offers  very  practical  assistance  in  a  sup- 
plementary Employment  Service.  Seven  men  have  been 
placed  so  far  through  this  medium. 

Cleveland  is  solving  the  problem  of  reaching  members 
outride  of  Cleveland  by  the  activities  of  a  special  Out-of- 
Town  Committee:  T.  V.  Buckwalter  for  Canton,  Walter  H. 
Allen  for  Akron  and  Charles  S.  Dahlquist  for  Detroit  and 
the  outlying  districts  of  Cleveland. 


COMMITTEE  CHAIRMEN  IN  BUFFALO 

The  officers  of  the  Buffalo  Section  share  their  responsi- 
bilities with  two  committees,  one  on  Papers  and  Entertain- 
ment, the  other  on  Public  Relations.  The  chairman  of  the 
first  is  H.  T.  Youngren;  of  the  second,  J.  G.  Willet. 

There  will  be  no  meeting  of  the  Buffalo  Section  in  Sep- 
tember. 


DAYTON'S  SPECIAL  COMMITTEE 

Besides  the  usual  committees  on  Membership,  Entertain- 
ment, and  Program,  the  Dayton  Section  has  a  special  com- 
ee  to  award  the  Wright  Brothers  Medal.  The  chairmen 
of  the  Dayton  committees,  in  the  order  given,  are  R.  V. 
Hutchinson,  Luzern  Custer,  George  E.  A.  Hallett  and  J.  H. 
Hunt. 

The  Dayton  Section  will  not  hold  a  meeting  in  September. 


\\  ELCOME  READY  AT  INDIANA  MEETINGS 

Members  and  guests  of  the  Indiana   Section  will  be  made 

to  feel  at  home  at  every  meeting  by  a  Reception  Committee 

headed  by  B.  F.  Kelly.     William  Guy  Wall  is  responsible  for 

I'apers  and  Meetings  Committee  and  Charles  A.  Trask 

is  chairman  of  the  Membership  Committee. 

The  first  meeting  of  the  new  season  will  be  held  in  October. 


\\  ISHINGTON  PREPARES  YEARS  PROGRAM 

In  the  Washington  Section,  two  committees  work  in  co- 
operation with  tie  which  has  already 
prepared  a  tentative  program  for  the  new  Section  year. 
W.  S.  James  head  the  Ma  I  ommittee;  Paul  B.  I. urn 
is  chairman  of  tin-  Member  hip  I  "mum 

Technical  meetings  will  l»-  resumed  in  October. 
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Applicants 
Qualified 


Kerr.   Stephen   Lester    (E    S)    student.    University    of   Utah.   Salt 
Lake  City,  Utah,    (mail)    153   South    13th   East   Street. 

Kinsey.  Kenneth  Harry  (J)  student,  Purdue  University,  Lafayette, 
Ind.,    (mail)    Mentone,  Ind. 

Lane,    F.    J.     (A)     salesman,    Allyne-Zerk    Co..    Cleveland,    (mail) 
26S1   Lawrence   Avenue,    Detroit. 

Lewis,  Joseph  Carleton    (A)    sen-ice  manager.  Noyes  Buick  Co., 
857    Commonwealth   Avenue,    Boston. 

MacMillex.   Robert  D.    (A)    director  of  sales   and  service,   Albert 
Frank  &  Co.,  14   Stone   Street,   Xew   York  City. 


The  following  applicants  have  qualified  for  admission 
to  the  Society  between  July  10  and  Aug.  9,  1923.  The 
various  grades  of  membership  are  indicted  by  (M)  Mem- 
ber; (A)  Associate  Member ;  (J)  Junior;  (Aft)  Affiliate; 
(S  M)  Service  Member;  (F  M)  Foreign  Member;  (E  S) 
Enrolled    Student. 


Atkinson,  Robert  (M)  metallurgical  engineer.  Halcomb  Steel  Co., 
Detroit,    (mail)    8424    Hamilton    Boulevard. 

Bachman,  Graydon  A.  (E  S)  student,  University  of  Minnesota, 
Minneapolis,  (mail)   1409  Sixth  Street,  Southeast. 

Baer.  Walter.  D.  (J)  secretary  and  treasurer,  Iron  City  Spring  Co., 
2920   Smallman   Street,   Pittsburgh. 

Bkrsie.  Hugh  G.  (M)  engineer.  Haskelite  Mfg.  Corporation,  133 
West  Washington  Street,  Chicago. 

Bolger.  John  F.  _(A)  vice-president  and  sales  manager,  Allbestos 
Co.,  Logan,  Philadelphia,  (mail)  419  West  Upsal  Street, 
Mount  Airy,  Philadelphia. 

Collier.  J.  F.  (M)  manager  service.  Reo  Motor  Car  Co..  Lansing. 
Mich.,   (mail)    26  West  Warren  Avenue,  .Detroit. 

Cushman.  E.  H.  (A)  automotive  engineer  and  assistant  manager. 
Myron  D.  Kidder,  Inc.,  Portland,  Me.,  (mail)  343  Forest  Avenue. 

Custer.  L.  L.  (M)  president  and  treasurer,  Custer  Specialty  Co., 
Dayton,   Ohio,    (mail)    119   Franklin   Street. 

Durham.  Cady  B.  (M)  assistant  general  manager.  Buick  Motor 
Co..  Flint,  J/tc7i.,   (mail)    301   East  Hamilton  Avenue. 

Freeman,  F.  P.  (A)  superintendent  of  motor  equipment.  Kaufman's 
Department  Stores.  Inc.,  Fifth  Avenue,  Smithfield  and  Diamond 
Streets,   Piffs&Krph. 

Garrard.   Lester   A.    (J)    research   engineer.    Standard    Oil   Co.    of 
New  York,  Xew  York  City,   (mail)   care  of  Socony,  Manila,  P.  I. 

Graner.  Adolf  (M)  president.  Wisconsin  Magneto  Co..  Milwaukee, 
(mail)    S24   North   Cambridge   street. 

Hanna.  R.  W.  (J)  tool  designer,  Yellow  Sleeve  Valve  Engine 
Works.  East  Moline,  111.,  (mail)  1939  Pershing  Avenue.  Daven- 
port, Iowa. 

Henderson.  Charles  E.  (A)  purchasing  supplies.  Air  Mail  Service, 
Maywood.  111.,  (mail)  P.  O.  Box  6044,  Sunny  Slope  Station, 
Kansas  City,  Mo. 

Htlbert.  Fate  W.  (A)  motor- vehicle  inspector.  Sinclair  Refining 
Co..  Buffalo,   (mail)    24   Huntington  Avenue. 

Huling,  Joseph  B.  (A)  service-station  foreman.  International  Har- 
vester  Co.,   Lagonda   Avenue.   Springfield,   Ohio. 

Kjkller.  a.  (M)  vice-president  and  works  manager,  Golde-Patent 
Mfg.  Co..  New  York  City  (mail)  30  Gould  Avenue,  Long 
Island   City,  X.    Y. 

Kmsr.  Frank  J.  (A)  patent  lawyer.  Cox,  Kent  &  Campbell,  233 
Broadway.  Xew   York   City. 


Marty,  Mathew  J.  (M)  engineer,  Chicago  Mfg.  Co.  Chicago, 
(mail)    430S   North   Monticello   Avenue. 

Mathbwson.  M.  I.  (M)  experimental  and  designing  engineer, 
Detroit  Gear  &  Machine  Co.,  Detroit,  (mail)  670  East  Wood- 
bridge   Street. 

Maxim.  Albert  (M)  engineering  mechanic.  Ward  Motor  Vehicle 
Co..  Mount  Vernon,  N.  Y.,  (mail)   706  Trinity  Avenue,  New  York 

City. 

Mayes,  W.  A.  (M)  chief  engineer,  Martin-Parry  Corporation,  York, 
Pa. 

Mead,  Richard  O.  (A)  sales  manager,  American  Wood  Rim  Co., 
Onaway,  Mich. 

Patterson,  C.  E.  (M)  works  manager  in  charge  of  production 
engineering,  Athey  Truss  Wheel  Co.,  5631  West  65th  Street, 
Chicago. 

Patterson,  C.  W.  (A)  lubricating  engineer,  Standard  Oil  Co.  of 
Louisianna,   Memphis,    Tenn. 

Randolph,  Donald  W.  (J)  assistant  mechanical  engineer.  Bureau 
of  Standards,  City  of  Washington,  (mail)  1741  P  Street  North- 
west. 

Robb.  William  C.  (A)  assistant  manager,  Ohio  Rubber  &  Textile 
Co.,   15S  Lamed  Street,  West.  Detroit. 

SCHLrNGER.  W.  J.  (A)  vice-president  and  general  manager,  Flint 
Varnish  &  Color  Works,  Flint,  Mich. 

Shepard,  R.  L.  (A)  metallurgist,  Shepard  Art  Metal  Co..  Detroit, 
(mail)    141  Montana  Avenue,   West. 

Shimizu,  Yutaro  (A)  New  York  representative.  Yanese  Automobile 
Co.,  Tokyo.  Japan,  (mail)  care  of  engineering  department, 
Mitsui   &  Co.,   65  Broadway,  Neic   York  City. 

Smexlie.  Donald  G.  (M)  926  Gilmore  Avenue,  Northwest,  Canton, 
Ohio. 

Styri,  Haakon  (M)  chief  of  research  laboratory,  S.  K.  F.  Indus- 
tries, Inc.,  Philadelphia. 

Sullivan-.  Ala>-  P.  (A)  chief  engineer,  Stackpole  Carbon  Co., 
Sf.    Marys,  Pa. 

Teachout.  J.  Howard  (M)  production  manager.  White  Motor  Co., 
S42   East  79th   Street,   Cleveland. 

Thompson,  Sylvester  T.  (A)  secretary  and  general  manager. 
Duplex  Engine  Governor  Co..  Inc.,  Brooklvn,  N.  Y.,  (mail) 
3  West  192nd  Street,  New  York  City. 

Waller,  Einar  (M)  designing  eneineer.  General  Motors  Corpora- 
tion, Detroit,  (mail)   1704   Meldrum  Avenue. 

Weadick.  Robert  M.  (J)  student.  Franklin  Institute  Boston,  (mail) 
366  West  Fourth  Street,  South  Boston. 

Windle.  E  Howell.  (E  S)  student.  Ohio  State  University,  Colum- 
bus  Ohio,    (mail)    239    Oakland  Park  Avenue. 

Zelkosky.  J.  Theodore.  Jr.  (E  S)  student,  Stevens  Institute,  of 
Technology,  Hoboken,  N.  J.,  (mail)  305  Sixth  Street,  West 
Xew   York,  X.   J. 
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The  Production  Meeting 

LAST  fall  the  Society  held  a  Production  Meeting  at 
I  Detroit,  the  first  of  its  kind  held  by  the  Society  and 
probably  the  best  attended  professional  meeting  of  the 
Society.  The  second  Production  Meeting  will  be  held  at 
Cleveland  this  month,  and  this  meeting  is  drawn  to  your 
attention  to  show  that  the  question  of  production  on  a 
quality  basis  is  having  the  attention  of  engineers.  (See 
page  347  this  issue.)  Efforts  are  being  made  to  draw 
the  production  and  the  engineering  departments  into 
the  close  harmony  and  cooperation  that  is  desirable  if 
we  are  to  serve  the  public  honestly  and  to  the  best  of  our 
ability.— C.  S.  Dahlquist. 

National  Aeronautic  Convention 

AERONAUTICAL  engineering  progress  in  this  Coun- 
£\_  try  has  been  rapid  during  the  past  year.  Many 
speed,  altitude  and  duration  records  of  importance  are 
now  held  by  American  airplane  pilots.  We  have  seen 
the  wide  expanse  of  our  Continent  tjbversed  without 
stop.  The  Air  Mail,  in  addition  to  maintaining  its  past 
record  of  superior  performance,  has  proved  its  ability  to 
fly  the  mail  from  Coast  to  Coast  in  a  little  more  than  a 
day.  Night  flying  has  been  undertaken  and  proved  prac- 
tical. American  engineers  and  artisans  have  constructed 
the  ZR-1  and  demonstrated  her  fitness  as  an  air-carrier. 
These  accomplishments  are  sufficient  reason  for  pardon- 
able pride  in  the  proficiency  of  our  aeronautical  en- 
gineers, the  more  so  because  of  the  apathy  displayed  by 
the  general  public  and  the  large  majority  of  our  busi- 
ness men. 

As  a  fitting  conclusion  to  this  year  of  aviation  prog- 
ress, the  Third  National  Convention  of  the  National 
Aeronautic  Association  and  International  Air  Races  are 
being  held  in  St.  Louis  Oct.  1-3.  May  these  two  im- 
portant events  stimulate  a  greater  and  more  sincere  in- 
terest in  commercial  air-transport,  the  all-important 
backbone  of  a  prosperous  aeronautical  industry. 

The  Mo  tor  bus 

THE  cooperation  between  the  American  Electric  Rail- 
way Association  and  the  Society  of  Automotive  En- 
gineers, inaugurated  by  the  address  of  President  Em- 
mons   of   the    former    organization    at    the    Automotive 


Transportation  meeting  of  the  Society  in  Cleveland  last 
April,  will  be  continued  at  the  A.  E.  R.  A.  Convention  at 
Atlantic  City  this  month.  In  the  afternoon  of  Tuesday, 
Oct.  9,  President  Alden,  of  the  Society,  will  present  a 
discussion  of  a  report  on  the  subject  of  Bus  Operation, 
prepared  by  the  Transportation  and  Traffic  Association, 
an  affiliated  section  of  the  American  Electric  Railway 
Association.  It  is  expected  that  other  members  of  the 
Society  will  take  part  in  the  discussion  of  this  very  in- 
teresting and  important  subject.  The  traction  lines  are 
naturally  giving  greater  and  greater  attention  to  the 
possibilities  and  proper  economic  status  of  the  motorbus, 
which  undoubtedly  is  a  medium  of  transportation  that 
will  henceforth  be  much  more  widely  availed  of. 

Martyrs  to  Science 

DURING  the  afternoon  of  Sept.  20  an  explosion  of 
great  violence  occurred  in  the  engine  testing  labor- 
atory in  the  Bureau  of  Standards,  City  of  Washington. 
One  man  was  killed  instantly,  three  others  were  injured 
so  seriously  that  they  died  during  the  night,  and  four 
others  were  seriously  burned  or  cut. 

The  explosion  occurred  in  the  north  altitude  chamber 
in  which  there  was  being  conducted  an  acceleration  test 
at  low  temperature  of  an  automobile  engine  using  avia- 
tion gasoline.  The  work  in  progress  was  part  of  a  co- 
operative fuel  investigation  undertaken  jointly  by  the 
Society,  the  American  Petroleum  Institute  and"  the  Na- 
tional Automobile  Chamber  of  Commerce.  It  is  stated 
officially  and  there  appears  to  be  no  doubt  that  the  ex- 
plosion was  due  to  the  ignition  of  an  explosive  mixture 
in  the  chamber.  No  one  was  in  the  chamber  at  the 
time  of  the  explosion,  but  flame  issuing  from  it  burned 
directly  those  in  its  path  outside  the  chamber  and 
ignited  inflammable  material  including  the  fuel-measur- 
ing apparatus  used  in  the  test. 

The  dead  are:  Stephen  M.  Lee,  a  junior  member  of 
the  Society  who  was  in  charge  of  the  test  in  progress; 
James  E.  Kendig,  assistant  electrical  engineer  of  the 
Bureau  who  was  assisting  in  the  test  work;  Urban  J. 
Cook,  machinist,  and  Dr.  Logan  L.  Lauer,  who  was  not 
engaged  in  any  way  in  the  work.  Those  seriously  in- 
jured are  Roger  Birdsell,  research  associate  engaged  in 
the  investigation.  H.  K.  Cummings,  C.  W.  Elliot  and  F.  E. 
Richardson.     The   heroism   of  members   of   the   Bureau 
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staff  in  i  rom  the  furiously  burning 

if  life, 
■ 
the  •  killed  and  injured. 

Bureau  and  all  those  connected  with  the 
the  deepest  aym- 
.  d  1  y 
r,   the  men   were  martyrs 
through  which  Bcience  line: 
^rd  public  useful' 

our  Japanese  Members 

Nrld  calamity  has  stirred  the  sym- 
:'  our  Nation  more  deeply  than  the  re- 
earthquake  in  Japan.     Concrete  expression 
ward  to  the  Japanese  through 
•ful  services  of  the  Red  I  However, 

ng  to  record  here  an  expression  of  con- 
the  members  of  the  Society  who  were  directly 
affected  because  of  their  residence  in  the  quake  and 
fire-swept  areas.  Our  records  show  that  fifteen  of  these 
ed  in  Tokyo.  It  is  hoped  that  all  were  fortunate 
enough  to  survive  this  deplorable  disaster  so  that  their 
engineering  knowledge  and  experience  may  be  available 
for  the  labors  of  reconstruction. 

Practical  Brake  resting 

OiINANCES  requiring  that  automobile  brakes 
be  maintained  at  a  certain  standard  degree  of 
efficiency  exist  in  many  of  the  larger  cities,  but 
their  enforcement  has  been  impractical  for  many  rea- 
Important  of  these  has  been  the  lack  of  a 
simple  and  accurate  method  of  conducting  brake  ti 
The  staff  of  the  Bureau  of  Standards  is  offering  a  solu- 
tion to  this  problem  in  the  form  of  a  registering  deceler- 
ometer  by  means  of  which  brake  performance  can  be 
readily  determined. 

In    conducting    a    brake    test,    the    decelerometer    is 
ly  placed  upon  the  floor  of  the  car  under  observa- 
The  driver  is  requested  to  attain  a  selected  speed, 
apply  the  brakes  with  his  full  strength  and  keep  them 
applied  until  a  dead  stop  is  effected.     During  the  period 
he  decelerometer  registers  the  rate  of  de- 
celeration in  fi  -cond  per  second  on  a  suitable  dial. 
'■an  see  readily  whether  the  rate  of  deceler- 
ation has  always  exceeded  a  minimum  considered  to  rep- 
eptable  braking  performance. 
This   Bureau  of  Standards  method   has   many  advan- 
The  tests  can  be  made  by  untrained  observers; 
the  i                        accurate  and  not  subject  to  correction 
for  num-                    .         :   *he  instrument  itself  is  porta- 
ble a                 ontained  and  requires  no  connection  with 
!e,  engine  or  wheels.     Tests  can  be  made  in  a 
nee  no  measurements  of  distances  i 
is  not  improbable  that  this  method  of  b 

into  universal  use,  particularly  if  the 
attempt    to    enforce     brake- 
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Ci  of  The  Transactions  for  1922 
to  those  of  the  members  who 
ordance  ■■•ith  the  resolution 
The  Transactions  for  the 
il  charge  to  members 
If  of  the  fiscal  year  beginning 
written  -eeeived 

with  •■-,  order  has  been  published. 

The  Transaction 


guaranteed  to  members  who  do  not  place  their  orders  by 
5.     Members  who  have  nol   sent   in   the  order  blank 

■     •  il  of  The  Transactions  for  1922  should  do 
The  blank  will  be  found  printed  in  the  ad- 
vertising section  of  the  September  Journal,  p.  83. 

Proper  Dimensioning 

THE  report  submitted  by  Earle  Buckingham  on  Tol- 
erances, which  appears  in  Tentative  Standardisa- 
tion Work  in  this  issue  of  THE  Joi  RNAL,  is  of  ex- 
ona]    value.      Those    who    do    not    agree    with    his 
ment    that    non-mating    surfaces    should    have    bi- 
al  or  unilateral  tolerances,  depending  on  the  nature 
of   the    variations    which    develop    in    manufacture,    and 
that,  with   few  exceptions,  mating  surfaces  should  have 
unilateral   tolerances,  should   submit   their   views   to   the 
Society  for  consideration.     The  entire  matter  is  too  far- 
reaching  to  expect  that   acceptable  decisions  thereon  can 
be  made  without  the  active  cooperation  of  the  industry 
at  large. 

A.  E.  A.  Convention 

*T  the  seventh  annual  summer  meeting  of  the  Auto- 
j  \  motive  Electric  Association  at  Eaglesmere  Park. 
A.  A.!'....  Sept.  11  to  14,  at  which  joint  sessions  were 
also  held  with  members  of  the  Automotive  Electric  Ser- 
vice Association,  a  number  of  subjects  of  importance  to 
the  electrical  automotive  apparatus  manufacturers  and 
servicing  organizations  were  discussed.  The  Standard- 
ization Committee's  report  on  the  adoption  of  four  stand- 
ard sizes  of  starting  motors,  to  be  referred  to  as,  Nos.  1, 
2,  3  and  4,  was  approved  by  the  Board  of  Governors.  It 
was  believed  that  this  range  of  sizes,  or  capacities,  will  be 
adequate  for  at  least  a  large  proportion  of  automobiles 
electrically  equipped.  It  was  intimated  that  the  Battery 
Division  of  the  committee  might  consider  standardizing 
a  range  of  capacities  for  batteries  to  be  used  with  the 
standardized  sizes  of  starting  motors  and  generators, 
the  A.  E.  A.  having  previously  adopted  four  size- 
generator.  The  committee  also  reported  progress  toward 
developing  a  standard  method  of  making  torque  tests  on 
starting  motors  and  discussed  the  desirability  of  having 
ndard  electrical  test  for  ignition  apparatus. 
Several  members  of  the  committee  whose  investiga- 
tion as  to  why  the  S.  A.  E.  Standards  for  generator  and 
starting  motor  mountings  are  not  used  more  extensively, 
especially  by  the  larger  car  manufacturers,  explained 
that  it  is  usually  because  of  reasons  important  enough 
to  the  individual  manufacturers;  that  probably  most  of 
the  smaller  manufacturers  do  use  the  standards,  and 
that  it  would  not  be  reasonable  to  expect  this  situ; 
to  be  materially  changed.  It  was  felt  that  the  pr< 
S.  A.  E.  Standards  might  be  improved  somewhat,  in 
certain  detail-,  and  by  adding  a  small  generator  mo 
ing,  but  that  no  action  should  be  taken  toward  changing 
them  radically.  Several  members  of  the  A.  E.  A.  Com- 
mittee are  also  members  of  the  Electrical  Equipment 
Division  of  the  S.  A.  E.  Standards  Committee,  and 
cooperation  between  the  two  bodies  is  had  in  this  work. 
In  the  session  at  which  electrical  servicing  wa 
•  d,  it  was  indicated  that  in  general  the  servicing  of 
electrical  equipment  on  automobiles  should  be  done  by 
authorized  electrical  service-stations  rather  than  by  the 
local  car-dealers  or  the  electrical  apparatus  manufac- 
rs.  This  naturally  led  to  discussion  of  the  basis  for 
ice  charges  to  the  customer,  but  no  one  system  was 
favored,  it  appearing  that  the  "flat-rate"  system  has 
worked  out  well  in  some  localities,  while  the  "predeter- 
mined charge"  has  proved  satisfactory  in  others. 
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The  Packard  Single-Eight 

By  J.  G.  Vincent,1  assisted  by  W.  K.  Gbiswold2 


Cleveland  Section  Paper 


Ilhtstnitnl  with  Photographs  and  Drawings 


STATING  the  fundamental  characteristics  of  the 
modern  motor  car  under  the  headings  of  perform- 
ance, safety,  economy,  comfort  and  taste,  the  authors 
define  these  terms  and  discuss  each  basic  group.  The 
specifications  of  the  car  in  which  the  single-eight  en- 
gine is  installed  are  given,  and  the  reasons  governing 
the  decision  to  use  an  eight-cylinder-in-line  engine  are 
enumerated. 

Following  a  somewhat  lengthy  discussion  of  the  com- 
ponents of  engine  performance,  the  design  of  the  en- 
gine is  given  detailed  consideration  under  its  divisions 
of  crankshaft  design  and  the  methods  employed,  gas 
distribution,  the  operation  of  the  fuelizer,  cylinders, 
valve  gear  and  the  arrangement  of  the  accessories. 
Transmission  design  and  the  wearing  quality  of 
gears  receive  similar  treatment. 

Brakes  and  steering  are  subjects  that  are  treated 
at  some  length,  arguments  being  presented  in  favor 
of  four-wheel  brakes  and  reasons  given  for  their  adop- 
tion, together  with  a  discussion  of  their  effect  on  steer- 
ing ability  and  of  the  mechanics  of  brake  construction. 
Comfortable  steering,  axle  construction,  steering-gear 
efficiency  and  axle  noise,  are  other  subjects  that  are 
considered  in  detail.  The  paper  is  illustrated  pro- 
fusely and  pertinent  tabular  data  are  included. 

The  mathematical  analyses  are  made  in  appendices 
that  will  appear  in  the  November,  1923,  issue  of  The 
Journal. 

UNDER  the  stimulus  of  the  reaction  from  the 
great  social  upheaval  that  receded  into  the  peace 
of  1918,  engineers  of  the  automotive  industry 
began  at  once  to  adapt  their  product,  and  even  the  in- 
dustry, to  the  new  set  of  conditions  prevailing.  The 
period  that  followed  saw  many  new  expressions  in  the 
subsequent  diversified  designs,  but,  in  all,  the  natural 
and  obvious  endeavor  of  each  engineer  was  to  interpret 
the  new  conditions  and  to  utilize  the  lessons  of  past  ex- 
perience and  the  results  of  technical  analysis  to  the  best  of 
his  ability  for  the  improvement  over  his  previous  efforts. 
Such  is  the  natural  order  of  progress.  Our  latest  ex- 
pression is  in  the  form  of  the  single-eight. 

In  the  endeavor  to  arrive  at  engineering  speci- 
fications for  the  single-eight,  we  tried  to  classify  the 
fundamental  cardinal  properties  of  the  modern  motor 
car.  These  characteristics  we  have  enumerated  as  being 
(a)  performance,  (b)  safety,  (c)  economy,  (d)  comfort 
and  (e)  taste.  These  are  not  necessarily  arranged  in 
their  order  of  importance,  as  that  relation  depends  on 
many  factors  and  the  relative  and  absolute  values  of  each 
determine  the  characteristics  of  the  whole.  I  shall,  how- 
ever, discuss  each  one  of  these  basic  groups  briefly  and 
attempt  to  show  what  each  comprises. 

Fundamental  Characteristics 

Performance  may  be  regarded  in  the  restricted  sense; 
acceleration,  speed  and  flexibility.  This  is  largely  an 
element  depending  on  the  relation  of  the  engine  power 

1  M.S.A.E. — Vice-president  of  engineering,  Packard  Motor  Car 
Co.,  Detroit. 

!  M.S.A.E. — Engineer  in  charge  of  analysis  of  design.  Packard 
Motor  Car  Co.,  Detroit. 


to  the  weight  of  the  car  and  the  responsiveness  of  the 
engine  to  the  throttle. 

Safety  refers  to  the  inbuilt  safety,  strength  of  parts 
to  withstand  the  various  kinds  of  stress,  the  arrangement 
and  functioning  of  the  mechanical  features  that  are  in- 
struments for  control,  such  as  the  functioning  of  the 
steering-gear  and  the  brakes. 

Economy  is  relative,  but  it  always  connotates  the  mini- 
mum expenditure  of  either  time  or  money  for  a  given 
class  of  transportation.  Hence,  I  include  under  this 
heading  dependability,  life,  accessibility  and  simplicity 
as  well  as  gasoline  and  oil  economy. 

Comfort  denotes  physical  comfort,  either  on  the  part 
of  the  driver  or  the  other  passengers.  This  implies  cer- 
tain chassis  and  body  proportions  and  arrangements. 

Taste  I  define  as  being  the  personal  sense  for  the  fit- 
ness of  things.  It  relates  to  appearance,  finish,  up- 
holstery, quietness,  smoothness  and,  generally,  all  those 
things  that  make  their  appeal  through  our  sense  of 
beauty  and  harmony. 

The  characteristics  of  performance,  safety  and  econ- 
omy have  more  or  less  definite  standards  for  comparison, 
but  the  elements  of  comfort  and  taste  are  judged  largely 
by  personal  impressions.  Hence,  it  is  more  difficult  to 
define  these  elements  except  in  an  arbitrary  manner. 

Car  Specifications 

We  gave  careful  consideration  to  each  of  these  elements 
and  finally  arrived  at  the  following  specifications  as  rep- 
resenting our  conception  of  the  new  car: 

Wheelbase. — The  wheelbase  is  to  be  contingent  upon 
the  space  requirements  for  the  engine  when  the 
body  space  from  the  back  of  the  dash  to  the  cen- 
ter-line of  the  rear  axle  is  fixed  at  88  9/16  in.  for 
the  five-passenger  car  and  95  9/16  in.  for  the 
seven-passenger  car 

Weight. — To  be  about  4200  lb.  for  the  seven-passenger 
touring  car,  fully  equipped  and  ready  for  the  road 

Tires. — The  size  to  be  33  x  5  in.  for  both  front  and 
rear  wheels 

Acceleration. — To  be  from  5  to  50  m.p.h.  in  18  sec. 
under  ideal  road  conditions  for  the  seven-passen- 
ger touring  car  with  two  passengers. 

Maximum.  Speed. — To  be  70  m.p.h.  under  ideal  road 
conditions 

Brakes.- — The  car  to  be  equipped  with  four-wheel 
brakes 

Engine. — To  be  of  unit  construction  with  clutch  and 
transmission;  inherently  balanced  for  inertia 
forces  and  rotating  couples;  free  from  discernible 
forced  vibrations  and  sensible  critical  speeds;  sim- 
ple and  accessible 

After  deciding  on  these  basic  requirements,  the  next 
step  was  the  selection  of  the  type  of  engine. 

Reasons  for  the  Single-Eight  Engine 

Before  presenting  the  reasons  underlying  the  design 
of  the  single-eight  engine,  it  must  be  understood  clearly 
that  one  of  the  milestones  marking  the  advance  in  en- 
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inear  or  rotative,  the  latter  being  caused  by  inertia 

or  centrifugal  couples. 

The  effecl     t"  the  torque  reaction  or.  rather,  the  fluctua- 
"f  the  torque  reaction,  is  a  function  of  the  steadiness 
•  the  turning  moment  of  the  engine, 
which  is  dependent  upon  the  frequency  of  the  impulses 
and  the  flywheel  effect  of   the   moving  parts.     At   slow- 
speeds,  particularly,  the  fluctuations  are  greatest;  but 
the  speed  of  the  engine  increases,  the  steadiness  factor 
becomes  increasingly  higher  and.   at   very   high   speeds, 
the  fluctuations  are  so  small  as  to  produce  practically  no 
.  I  ion. 

■n  due  to  the  elastic  change  of  shape  of  the 
bodies  making  up  the  engine  is  the  result  of  using  parts 
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quately supported  to  make  a  rigid  construction.  Vibra- 
tion of  this  type  usually  occurs  in  periods;  that  is,  there 
are  certain  speeds  of  operation  in  which  the  impressed 
forces  are  timed  with  the  deflection  and  the  recoil  of  the 
-  ich  vibration  is  not  inherent  to  any  particular 
cylinder  arrangement  and  generally  can  be  avoided  by 
careful  design. 
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We  see  that  the  cylinder  arrangement  enters  into 
almost  every  consideration.  The  relative  value  of  the 
cylinder  arrangement,  as  well  as  the  final  layout  of  the 
engine,  depends  first  upon  the  power  requirement,  be- 
cause this  affects  the  total  piston  displacement.  Several 
cylinder  arrangements  are  available  to  approximate  tin- 
desired  results,  but  perhaps  only  one  is  best  adapted  to 
a  given  size  of  engine.  I  wish  to  make  myself  clear 
on  this  point  by  qualifying  what  I  mean  by  the 
arrangement.  The  remainder  of  the  chassis  must,  of 
course,  be  considered  in  order  that  the  coordination  shall 
give  beauty  of  appearance  and  also  the  proper  riding 
balance  to  the  finished  car.  The  best  cylinder  arrange- 
ment is  altogether  dependent  on  the  relative  values  that 
the  designer  arbitrarily  assigns  to  the  major  elements 
of  power,  economy  and  smoothness,  while  still  another 
element,  the  cost  of  manufacture,  would  be  given  con- 
siderable importance  for  many  classes  of  car. 

Preliminary  calculations  showed  that  a  total  displace- 
ment of  about  360  cu.  in.  was  necessary  to  meet  the  power 
requirements.  This,  reduced  to  dimensions  for  different 
numbers  of  cylinders,  gives  approximately  those  stated 
in   Table    1. 

TABLE  1 — APPROXIMATE   BORE  ANO  STROKE 

Number  of                               Bore,  Stroke, 

Cvlinders                                     In.  In. 

3%  5% 
8                                          3% 

L2  4»4 

Since   an    uncompromising   stand  toward   the   require- 
ment  of  inherent  balance   was   taken,   it  first   appeared 
that  the  choice  would  be  either  the  6  or  the  12-cylinder 
engine,  the  latter  obviously  embracing  the  V-type  con- 
struction.   On  analyzing  the  six-cylinder  design,  we  con- 
sidered   that  the   large  size  of  the   individual   cylinder 
a    fundamental   disadvantage,    involving   as   it   does 
vely    poorer   efficiency,    heavier   reciprocating   parts 
and    heavier    individual    impulses,   all   of   which   are   im- 
portant when  the  speed  range  is  to  reach  from  3000  to 
0  r.p.m. 
In   six-cylinder  construction,   the  mass   inertia  of  the 
entire   engine   about   the   point   of  oscillation,   generally 
•    crankshaft,  does  not  increase  at  a 
proportional    rate    to    the    individual    impulses    with    in- 
ing  cylinder  dimensions  and,  therefore,  the  fluctua- 
tion of  the  torque  reaction,  particularly  at  low  speeds  and 
full  power,  is  considerably  more  than  with  smaller  cylin- 
This  detracts  Bomewhat  from  the  smooth  running 
of    large    six-cylinder    engines,    a    result    that    we    were 
striving   to   attain.      In    other   respects,    the   six-cylinder 
;ti  bad  admirable  characteristics. 
Similar    scrutiny    of    the    12-cylinder    design    led    to 
somewhat  different  conclusions.     The  12-cylinder  engine 
is    inherently    balanced    in    inertia    force-    and    rotating 
couple-:    and   the    /rent    overlap   of   the   power   impulses 
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Fig.   l — General  Arrangement  of  the  Pistons  and  Crankshaft 
Throws  in  the  Straight  Eight-Cylinder  Engine 

produces  an  almost  constant  torque,  the  fluctuations  of 
the  torque  reaction  being  practically  zero.  The  cylin- 
der size,  while  comparatively  small,  could  not  be  con- 
sidered as  a  fundamental  objection,  yet  it  was  felt  that, 
after  considering  the  average  operating  conditions,  the 
fullest  advantage  could  not  be  taken  of  such  a  small 
cylinder.  The  greater  complication  and  inaccessibility  of 
the  V-type  construction  appeared  to  be  the  chief  disad- 
vantage. Without  unduly  spreading  the  cylinder  cen- 
ters, it  is  impossible  to  employ  a  main  bearing  adjacent 
to  each  crankpin,  a  construction  that  possesses  great 
merit  in  the  elimination  of  elastic  distortion  under  the 
influence  of  the  dynamic  forces.  This  practically  limits 
the  crankshaft  design  to  the  three-bearing  type,  in  which 
case  the  necessary  rigidity  can  be  obtained  by  employ- 
ing a  shaft  of  relatively  large  diameter  for  the  size  of 
the  cylinder.  The  inaccessibility  of  the  valves  being  an 
objection  that  we  wished  to  eliminate,  together  with  a 
desire  for  a  more  simple  construction,  led  to  an  examina- 
tion of  the  eight-cylinder-in-line  type  of  engine. 

An  analysis  of  existing  automobile  engines  of  the 
eight-cylinder-in-line  type,  which  were  really  nothing 
more  than  two  four-cylinder  engines  with  the  crankshafts 


90  deg.  apart  and  constructed  in  a  tandem  arrangement, 
showed  that  while  the  inertia  forces  balanced  so  far  as 
plane  motion  is  concerned,  a  rather  large  couple  due  to 
the  secondary  inertia  forces  of  each  four-cylinder  engine 
existed.  This  design  was  at  once  rejected  because  it 
did  not  meet  the  original  specifications.  Therefore,  an 
examination  for  balance  was  made  of  other  possible  ar- 
rangements. It  was  found  that  the  crankshaft,  in  which 
the  middle  four  throws  were  arranged  in  a  plane  of  90 
deg.  from  the  outer  four  throws,  gave  a  condition  to  the 
engine  of  practically  perfect  balance  of  plane  forces  and 
inertia  couples.  This  crankshaft  arrangement  is  shown 
in  Fig.  1.  Appendix  1  gives  a  rigorous  mathematical 
analysis  of  the  general  case  of  engine  balance  with  a 
special  treatment  for  eight-cylinder-in-line  engines.3 

We  consider  the  cylinder  size  to  be  well  balanced,  as 
our  experience  indicates  that  these  dimensions  occupied 
a  rather  medium  position  between  small  and  large  cylin- 
ders and  is  well  adapted  to  the  average  conditions  of 
operation,  yet  taking  full  advantage  of  the  economkal 
factors,  such  as  the  compression-ratio.  It  might  appear 
that  the  fluctuation  of  the  torque  reaction  was  comprom- 
ised, but  this  is  not  essentially  true,  for  the  frequency, 
as  well  as  the  magnitude  of  the  impulse  fluctuations,  is  an 
element  affecting  the  amplitude  of  the  vibration  pro- 
duced. 

Fig.  2  shows  the  torque  diagram  for  the  three  different 
engines;  the  6,  the  8  and  the  12-cylinder  designs  that 
were   considered   for   the   new  car.     These  engines   are 
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3  [This    will    be    published    in    the    November.    1923. 
Journal.] 
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Fig.   2 — Torque-Effort  Curves  for  6.   S  and   12-Ctlinder  Engines 
of   Equal  Total    Piston    Displacement 


Fig.   3 — Relative   Amplitude  of   Vibration'  Due  to  Fluctuations 

of  Torque  Reactions  for  C.  S  and  12-Ctlinder  Engines  of  Equal 

Total  Piston  Displacement 


approximately  of  the  same  total  piston  displacement  and, 
for  comparison,  the  same  indicator-card  and  the  same 
weight  of  the  reciprocating  parts  per  square  inch  of 
piston-head  area  are  used  for  each.  This  puts  each 
engine  on  a  comparative  basis,  although  it  should  be 
pointed  out  that  the  six-cylinder  design  is  favored 
slightly  by  these  assumptions.  The  torque  variations 
appear  in  the  ratio  of  4.0  to  2.4  to  1.0  for  the  6,  the  8 
and  the  12-cylinder  designs. 

The  amplitude  of  the  forced  vibration  varies  directly 
as  the  torque  variation  and  the  square  of  the 
time  during  which  the  torque  acts,  and  inversely  as  the 
moment  of  inertia  of  the  engine  and  its  support.  The 
moment  of  inertia  should  be  about  the  same  for  each  en- 
gine. Fig.  3  is  a  series  of  curves  showing  the  relative 
amplitude  of  these  vibrations,  which  are  in  the  ratio  of 
16.0  to  5.5  to  1.0  for  the  6,  the  8  and  the  12-cylinder  de- 
signs respectively.  Thus,  the  amplitude  for  the  6-cylin- 
der  design  is  16  times  that  for  the  12-cylinder  design. 
The  fact  that  the  8-cylinder  amplitude  is  5.5  times  that 
of  the  12-cylinder  design  is  not  necessarily  significant; 
for,  while  the  vibration  from  the  torque  reaction  from  the 
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Fundamentals  were  studied  first;  practical  results 
compared  with  the  results  of  the  theoretical  analysis 
and.  where  both  practice  and  theory  agreed,  that  proved 
the  fundamental  weaknesses  or  advantages  of  each  type. 
Each  engine  had  to  stand  or  fall  on  its  own  merits  and. 
at  the  end  of  nearly  3  years  of  development  work,  the 
single-eight  engine  surpassed  the  other  two  so  far  that 
it  became  the  unanimous  choice  of  our  entire  organiza- 
tion. 

nkshafi  Design 

The  proportioning  of  the  crankshaft  was  carried  out 
with  two  principal  thoughts  in  mind,  vibration  and  the 
Engine   vibration,   as    stated,  de- 
pends on  balance,  torque  reaction  and  elastic  distortion. 
Balance  and   torque    reaction   having   already   been   dis- 
they  can   be  dismissed    from   further  considera- 
.  and  elastic  distortion  is  the  remaining  element. 
Vibration  due  to  ela  rtion  is  most  pronounced 

and  generally  only  discernible  when  a  condition  of  reson- 
irs.     The  action  can  be  described  as  comp 
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form  of  mechanical  friction  or  friction  of  the  particles 
Of  the  material;  therefore,  the  amplitude  never  becomes 
infinite  although,  in  aggravated  cases,  the  stresses  in  the 
parts  may  exceed  the  physical  strength  of  the  material. 
In  less  aggravated  cases,  failures  may  lake  place  ilue  to 
the  fatigue  of  the  material.  All  materials  of  construc- 
tion are  elastic,  and  steels,  particularly  hard  steels, 
among  the  most  elastic.  There  is,  therefore,  somi 
formation  of  the  parts  due  to  the  forces  set-up  by  the 
explosions,  or  those  arising  from  the  motion  of  the  vari- 
ous masses.  The  problem  is  to  prevent  sustained 
vibration,  or  resonance,  and  to  reduce  the  forced  vibra- 
tions to  a  point  where  they  do  not  react  on  the  senses. 

Methods  Employed 

Two  methods  of  accomplishing  this  are  available,  but 
we  shall  Bee  that  the  type  of  vibration  has  much  to  do 
with  the  method  employed.  One  method  is  to  have  the 
natural  frequency  of  the  vibration  far  beyond  the  range  of 
engine  speeds;  the  other,  to  provide  sufficient  damping 
to  nullify  the  vibration. 

Crankshaft  vibration  due  to  elasticity  can  be  divided 
into  transverse  and  torsional  vibrations.  The  most 
effective  way  to  eliminate  perceptible  transverse  vibra- 
tion is  to  design  a  rigid  crankshaft  so  that  the  move- 
ments or  displacements  shall  be  as  small  as  possible.  If 
the  crankshaft  is  supported  by  only  a  few  bearings  in 
the  crankcase.  the  size  of  the  shaft  must  be  very  large. 
If  many  main  bearings  are  used,  the  shafl  can  be  very 
much  smaller  in  diameter  for  a  given  degree  of  stiff- 
ness. Of  course,  the  greatest  number  of  bearings  is  ob- 
tained when  one  is  placed  between  each  crankpin.  For 
an  eight-cylinder-in-line  engine,  the  number  of  bearings 
is  nine.  For  the  equivalent  stillness  of  a  given  size  of 
shaft,  with  such  small  spans  between  supports  as  nine 
bearings  afford,  a  shaft  of  fewer  bearing-;  would  be  in- 
ordinately large,  and  so  the  same  degree  of  stiffness  is 
not  obtained  in  practice. 

A  large  number  of  main  bearings  has  also  another  dis- 
tinct advantage  in  respect  to  transverse  vibrations.  Aside 
from  the  stiffness  of  the  shaft,  the  vibration  frequency 
bears  a  relation  to  the  length  of  the  unsupported  seg- 
ments of  the  shaft,  being  higher  for  the  shorter  spans; 
that  is.  all  vibration  which  does  not  have  nodes  at  the 
bearings  is  thus  damped  quickly,  further  preventing 
resonance.  As  a  result  of  both  the  small  amplitude  and 
the  high  natural  frequency  of  the  nine-bearing  crank- 
shaft, the  transverse  vibration  is  reduced  to  such  in- 
consequential effects  as  to  be  entirely  beyond  human  sen- 
sibilities. 

Torsional  vibration  is  generally  more  complex  than 
transverse  vibration,  because  the  number  of  main  heal- 
ings has  no  direct  influence  on  the  mode  of  vibration 
that  may  take  place.  The  torsional  rigidity  of  the  shaft, 
and  the  distribution  of  the  masses  attached  or  connected 
to  the  shaft,  are  the  determining  factors  for  a  given 
engine  design. 

The  entire  Bystem  of  shafts,  gears  and  rotating  parts 
prising  the  driving  mechanism  from  the  front  of  'I" 
engine  to  the  road   surface,  coi  a  vibrating  sys- 

tem under  the  action  of  the  power  impulses.  This  sys- 
tem i-  I  complex  and,  regardless  of  what  has 
been  said  of  torsional  periods,  they  may  generall; 
found  in  the  most  unsuspe<  ted  d(  signs.  Fig.  I  shows  the 
large  number  of  torsional  periods  a  six-cylinder  shaft  may 
be  subject  to.     These  periods  were  determined   by  the 

i]  -iograph  for  a  six-cylinder  engine  of  foreigi 
sign  and  illustrate  the  fact  that  period    i  '     t  even  though 
they  may  be  undiscernible. 
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For  a  .six-cylinder  engine,  these  periods  occur  when 
the  engine  speeds  are  one-third,  one-sixth,  one-ninth  and 
the  like  times  the  primary  natural  vibrating  frequency 
of  the  shaft;  for  an  eight-cylinder  engine  one-half,  one- 
quarter,  one-sixth  and  the  like  times  the  frequency. 
The  primary  vibration-frequency  of  the  shaft  must  al- 
ways be  very  much  higher  than  the  maximum  speed  at 
which  the  engine  is  to  operate,  as  synchronism  here  would 
be  dangerous.  The  next  higher  order  of  vibration  should 
be  avoided  also,  for  synchronism  usually  results  in  a 
pronounced  disturbance  or  roughness  of  the  engine.  The 
next  higher  orders  of  vibration  generally  can  be  detected 
only  by  highly  trained  experts  or  by  special  instruments; 
but,  even  when  they  are  not  discernible,  they  frequently 
cause  trouble.  For  instance,  chronic  valve-spring  break- 
age frequently  can  be  traced  back  to  very  slight  torsional 
vibration. 


The  selection  of  the  general  dimensions  of  the  crank- 
shaft for  the  single-eight  engine  was  fixed  so  that  the 
fourth-order  vibration-period  occurred  at  a  speed  of 
about  65  m.p.h.  The  dimensions  obtained  were  just  suf- 
ficient to  allow  for  the  removal  of  the  piston  through 
the  cylinder,  and  thereby  no  sacrifice  in  accessibility  was 
made.  At  the  same  time,  an  engine  design  was  provided 
that  is  remarkably  unaffected  by  torsional  periods.  How- 
ever, to  provide  the  full  protection  against  the  insidious 
effects  of  the  undetectable  higher  partials,  the  vibration 
damper  was  fitted.  This  device  damps  out  the  vibration 
in  the  incipient  stage  in  a  manner  similar  to  that  of  a 
pendulum  bob  released  to  swing  through  a  viscous  fluid 
such  as  oil. 

The  bearing  design  worked  in  very  well,  as  a  study  of 
Table  2  will  show.  Figs.  5  and  6  show  graphically  the 
loads  on  the  various  bearings  at  3000  r.p.m.    With  pres- 
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Fig.   5 — Diagrams  of   Various   Pressures    and   Loads 
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iring  has  been  given  special  attention.    An 
iration  that  we  conducted  about  2  years  ago  was 
reported  under  the  title  An  Analysis  of  a  Poinl  in  Crank- 
pin  Lubrication,'  and  led  to  the  discovery  that  the  most 
lubrication  is  obtained  when  the  oil   is   intro- 
duced to  the  bearing  on  the  Bide  of  minimum  pressure 
just  previous  to  explosion.     Fig.  7  shows  the  pressure 
■  on  on  a  crankpin  during  the  cycle  at  600  r.p.m., 
and  als.>  the  position  of  the  oil-feed  hole  in  the  erankpin; 
'.nod  r.p.m.,  the  pressure  distribution   is  shown  by 
Fig.  -       I    the  speed  increases  from  600  i00  r.p.m., 

the  area  of  greatest  pressure  gradually  moves  from  the 
upper  side  around  in  a  counterclockwise  direction  to  the 
r  side  of  the  crankpin.  Normally,  passenger-car 
engines  do  not  operate  at  full  power  below  the  spied  of 
maximum  torque,  which  is  seldom  less  than  from  800  to 
1000  r.p.m. 


vtentnfuga  I  Force 
IS 


$W 


200  o        WO        1600 

J  I  I  ill   I   I  I 
Scale  in  Rounds 

TOTAL  LOADS  OM  MAIH  BEARING  5 


■  I    >    - 

'AMB    TOR    i  I  I  INGH 


Vol.   XIII 


October.  1923 


Xo.  4 


THE  PACKARD  SINGLE-EIGHT 


263 


Fig.     7 — Diagram     of    Crankpin     Pressures 
at  a  Speed  of  600  R.P.M.  and  Full  Load 

Gas  Distribution 

The  original  premise  that  eliminated  the  more  com- 
plicated engine  designs  in  favor  of  the  eight-cylinder-in- 
line  design   naturally   implied   that   a   single   carbureter 


TABLE   2 — SUMMARY    OF    CRANKSHAFT   BEARING   DATA    FOR 
MODEL  NOS.  136  AND  143 


BEARINGS 

< 'rank- 
pin 

Front 

Main 

(1) 

Inter- 
mediate 
Main 
(2.  4. 
(6  and  81 

Inter- 
mediate 
Center 

Main 
(3  and  7) 

Center 
Main 
(5) 

Rear 
Main 

(9) 

Journal  Lengths,  Measured 

V4 

2H 

1ft 

m 

1H 

2H 

Journal     Outside     Dinm- 

2Va 

23s 

m 

m 

2H 

2H 

Bearing  Lengths  Measured 
Overall  on  Box,  in 

Vi 

2ft 

1A 

i« 

IK 

2>.; 

Xet     Effective     Bearing 

1.263 

2  475 

0.905 

1.406 

1.656 

2  183 

Net    Effective    Projected 

2.685 

5  810 

2.150 

3  340 

3  930 

5  180 

Maximum  Bearing     1  Total 
Loads,  lb \Unit 

2,510 

935 

2,400 
413 

sso 

409 

3,205 
958 

4.400 
1,120 

2.400 
403 

Mean  Bearing            [Total 
Loads,  lb \l'nit 

1.5J0 
474 

l.'.niii 
327 

357 
166 

2,645 
792 

3,750 
955 

1,900 
367 

P-V  Values,  at  3000  r.p.m. 

16,000 

10,200 

5,200 

24,600 

29,600 

11,400 

must  be  adequate  and  must  function  properly.  At  first, 
the  problem  of  distribution  appeared  to  be  a  very  diffi- 
cult one  because  of  the  length  of  the  passages  to  some  of 
the  cylinders.  Uniform  distribution  is,  at  high  speeds, 
difficult  in  most  forms  of  multi-cylinder  engines,  and  the 
distance  to  the  remote  cylinders  of  the  eight-cylinder-in- 
line engine  appeared  to  complicate  the  problem  even 
more.  However,  upon  a  thorough  study  of  a  problem, 
what  often  appears  to  be  a  fundamental  disadvantage  is 
found  not  to  be  fundamental  at  all,  but  merely  a  disad- 
vantage under  special  conditions.  When  the  conditions 
are  changed,  the  disadvantage  often  works  out  to  be  a 
decided  advantage.  This  was  the  case  with  the  distribu- 
tion for  the  single-eight  engine. 

After  an  immense  amount  of  research  and  experi- 
mental work,  we  were  able  to  formulate  a  general  rule 
that  may  be  applicable  to  straight-line  eight-cylinder  en- 
gines, but  this  rule,  however,  appears  to  be  fundamental. 
This  rule  is  to  make  the  gas  passages  as  short  and  direct 
as  possible,  and  have  the  engine  timing  arranged  so  that 
the  inertia  of  the  moving  column  of  gas  can  be  utilized 
to  overcome  the  unequal  suction  in  different  parts  of  the 
passages,  particularly  when  directional  differences  of 
flow  exist;  and,  further,  to  utilize  the  maximum  inertia 
of  the  gas  column  to  aid  the  movement  of  gas  to  the 
cylinders  remote  from  the  carbureter,  also  supplying 
enough  heat  to  the  mixture  to  offset  the  radiation  of  the 
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.  ;   the   Akkangement   of   the   Induction 
km 

leading   from   the   carbureter;    this    is    midway    bet-. 
cylii  .'■    -4  and  5.     With  any  timing  whatsoever,  it 

is  evident  that  the  first  cylinder  firing  in  either  half 
which  follows  immediately  a  cylinder  of  the  other  half 
firing  must  cause  a  change  in  the  direction  of  the  gas 
flow,  from  front  to  rear  or  vice  versa.  In  the  firing  order 
1-3-L  ;.   that  we  adopted,  such   a   reversal   takes 

place  in  the  interval  between  the  suction  strokes  of  cylin- 
ders Nos.  2  or  7  and  the  firing  strokes  of  cylinders  Nos. 
5  or  4  taken  respectively.  A  study  of  one  of  these  re- 
versals reveals  much. 

Let  us  say  that  cylinder  No.  3  is  on  the  suction  stroke. 

r  the  piston  has  reached  its  maximum  velocity  near 
mid-stroke,  the  gas  column  is  moving  with  nearly  its 
maximum  velocity  and  hence  possesses  considerable 
inertia.  At  100  deg.  of  crank  travel  of  No.  2  cylinder, 
the  inlet-valve  of  Under  begins  to  open,  but  this 

cylinder  is  very'  near  the  carbureter  and  hence  its  suction 
is  almost  immediately  active  in  diverting  a  quantity  of 
gas  toward  cylinder  No.  5.    As  the  depression  of  cylinder 

">  increases,  a  greater  amount  of  gas  is  diverted  in 
its  direction  while  the  inertia  of  the  gas  column  moving 
Under  No.  2,  plus  the  decreasing  suction,  main- 
tains  a   proportionate   division   of   the-   quantity   coming 
from    the    carbureter.      Slightly    after    cylinder    No.    5 
the  point  of  maximum  piston  velocity,  the  valve 
ir;d.-r  No.  2  closes,  thus  making  the  suction  of  cylin- 
der No.  5  fully  effective  over  the  short  distance  to  the 
r.    The  relative  distances  involved  and  the  com- 

■iting  effect  cf  the  inertia  of  the  gas  thus  produces 
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•iter 
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ndition  in  which  a  practically  equal  distribution  of 
mixture  takes  place  between  these  two  cylinders. 

Next,  we  have  one  of  the  two  most  remote  cylinders 
tiring.  No.  8  cylinder.  At  the  conclusion  of  induction  to 
No,  5  cylinder,  the  complete  change  in  the  direction  of 
the  flow  has  been  effected,  and  Borne  of  the  mixture  has 

already    passed    beyond    this   cylinder,   due   to    its    inertia 
in  making  the  bend  to  cylinder  No.  5.     Therefore,  the 

only  work  of  induction  that  cylinder  No.  8  has  to  per- 
form is  to  draw  the  already  moving  column  of  mixl 
to  its  end  of  the  passage,  through  the  intervening  leugtb 
of  manifold  of  only  two  cylinders.  This  intervening 
length  is  desirable  because,  otherwise,  if  cylinder  No.  8 
iwed  cylinder  No.  7,  the  inertia  of  this  long  column 
of  gas  would  be  so  great  as  to  cause  loading  of  the  -  nd 
cylinder. 

Cylinder  No.  G  follows  next  in  order.  Here  we  have 
only  one  intervening  cylinder.  The  double  compensa- 
tion, due  partly  to  the  overlap  in  valve  opening  and  the 
passage  lengths  involved,  prevents  loading  of  cylinder  No. 
8  and.  at  the  same  time,  allows  cylinder  No.  6  to  get  its 
lull  share  of  mixture. 

Cylinder  No.  7  follows  cylinder  No.  6,  and  it  would 
appear  that  cylinder  No.  7  would  get  more  than  its  share; 
but  the  compensation  involved  in  the  reversal  of  direc- 
tion that  occurs  during  the  latter  part  of  the  valve  open- 
ing, caused  by  the  opening  of  the  valve  of  cylinder  No. 
4,  causes  an  equal  distribution  again.  Of  course,  the 
difficulty  caused  by  condensation  might  prove  serious  if 
it  were  not  handled  properly,  but  this  is  overcome  by  the 
combined  use  of  a  fuelizer  and  exhaust-manifold  heat. 

Fuelizer  Operation 

Fig.  11  shows  the  fuelizer  installation.  In  operation 
the  fuelizer  heats  the  gasoline  and  the  air  from  the  car- 
bureter so  that  the  mixture  enters  the  cylinders  as  a  dry 
gas  rather  than  a  combination  of  air  and  liquid  particles. 
This  is  accomplished  by  shunting  a  small  fraction  of  the 
gasoline  and  air  mixture  passing  to  the  engine  through 
the  throttle-valve  shaft  into  a  passage  in  the  manifold 
that  leads  to  the  burning  chamber  of  the  fuelizer.  This 
mixture  is  ignited  by  the  spark-plug  in  the  side  of  the 
burning  chamber  of  the  fuelizer  and  burns  with  a  steady 
flame,  which  can  be  viewed  through  the  inspection  glass 
on  top  of  the  fuelizer.  The  flame  heats  the  burning- 
chamber  walls  and  then  the  hot  burned  gas  mixed  with 
the  charge  going  to  the  engine  from  the  carbureter.  The 
application  of  heat  to  the  ingoing  mixture  improves  its 
gasification  greatly,  which  is  particularly  important  at 
the  lower  throttle-openings,  at  which  time  the  fuelizer 
supplies  its  maximum  heat.  With  an  increasing  engine 
speed,  the  fuelizer  heat  gradually  diminishes  and,  at  high 
speeds  where  this  heat  is  no  longer  required,  the  fuelizer 
automatically  ceases  to  function. 

The  total  quantity  of  gasoline  for  a  given  setting  of 
the  carbureter  is  little  affected  one  way  or  the  other  by 
the  gasoline  burned  in  the  fuelizer,  but  the  fuelizer  makes 
possible  the  use  of  a  mixture  that  greatly  increases  the 
economy.  In  this  way  when  the  manifold  is  designed 
perly,  when  the  firing  order  is  arranged  to  take  ad- 
vantage of  the  inertia  effects  of  the  gases  and  when  suf- 
ficient heat  i-  supplied  to  maintain  a  dry  mixture,  the 
uniformity  of  distribution  is  as  nearly  effected  ideally 
as  it  is  practically  possible  to  make  it. 

Cylinder  and  Valve-Gear 

of  necessity  the  cylinder  and  valve-gear  layouts  are 

complemental.     The  engine  thermal  and  volumetric  effi- 

are  dependent  very  largely  on  the  design  of  the 
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clearance  or  combustion  space  of  the  cylinder.  The  de- 
sign of  the  combustion  space  is  influenced  greatly  by  the 
location  of  the  valves  referred  to  the  cylinder  proper. 
Fundamentally,  the  radiating  surface  of  the  combustion- 
chamber  should  be  as  small  as  possible  for  the  given 
volume  of  the  clearance  required.  Also,  the  gas  flow 
into  the  cylinder  should  be  direct.  For  the  L-head  cylin- 
der, this  is  accomplished  in  part  by  placing  the  valves 
close  to  the  cylinder  bore.  With  direct-acting  tappets, 
the  camshaft  must  be  placed  in  line  with  the  valve ;  this 
brings  the  camshaft  close  to  the  center  of  the  engine  and. 
to  provide  clearance  for  the  lower  ends  of  the  connecting- 
rods,  the  crankshaft  must  be  placed  far  enough  below 
the  camshaft.  This  requires  long  connecting-rods  and, 
therefore,  makes  for  a  ^gh  and  consequently,  for  a 
heavier  engine. 

Using  rocker  levers  allows  the  axis  of  the  camshaft  to 
be  placed  farther  from  the  center  of  the  engine  and, 
therefore,  permits  a  more  compact  and  lighter  engine 
construction.  For  a  given  diameter  of  camshaft,  better 
shaped  cams  are  obtained  for  a  given  valve-lift  and 
acceleration;  that  is,  the  static  component,  equivalent  to 
the  side-thrust,  of  the  cam-force  acting  on  the  rocker- 
arm,  is  of  a  small  proportion  to  the  total  lifting  force. 
The  reason  is  that  the  base-circle  diameter  is  larger  in 
proportion  to  the  lift  of  the  cam.  This  static  component 
is  reacted  at  the  rocker-pivot,  which  is  an  oscillating  pin 
bearing  and  generally  is  considered  superior  to  bear- 
ings sliding  along  straight  elements.  This  can  be  ex- 
plained by  analyzing  the  relation  of  forces  acting  on  the 
rocker-lever  and  the  ordinary  follower.     In  Fig.  12,  the 


Fig.  12 — Diagram  of  the  Forces  Acting  on  the  Rocker  Arm 

cam  is  shown  turning  clockwise  and  lifting  the  rocker- 
lever  against  a  force  Ft  at  the  tappet.  The  lifting  force 
required  is,  say,  Fi,  acting  in  the  direction  shown. 

The  reaction  at  the  pivot  is  shown  by  the  force  Fr. 
As  the  cams  revolve  farther,  the  direction  of  the  force  Ft 
approaches  the  vertical,  with  a  consequent  approach  to 
the  vertical  of  the  reacting  force  Fr.  At  the  maximum 
lift,  these  forces  are  vertical  and,  with  further  cam  rota- 
tion,   the    forces    incline    in    the    other    direction    again 


Fig.   11 — Sectional  View  of  the  Carbureter  and  Fuelker 


Fig.    13 — Diagram   Showing   the   Forces 
Acting  on  an  Ordinary  Roller  Tappet 
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-ed  position.    Thus,  the  di- 
■cting  force  oscillates  about  a  relatively 
the  pin  bearing.     This  action  is  accom- 
panied by  no  diametral  change  of  the  clearance  and  with- 
out impact.     With  the  ordinary   roller  tappet   shown  in 
13,  there  is  a  take-up  of  the  clearai  -  the 

ry  change  of  the  direction  of  the  B 
At  high  speeds,  with  worn  guides,  the  imi 
produced  cause  considerable  noise.    Thus,  with  the  cylin- 
der and  valve-gear  construction  that  has  been  adopted. 
irdonnance,  a  right  arrangement  of  parts 
to  produce  the  best  effect,  has  been  accomplished. 

ARRANGEMENT  3SORIBS 

To  carry  out  the  original  plan  of  simplicity  and  act  i 
bility,  particular  attention  is  given  the  location  of  the 
various  engine  accessories.  The  ignition  distributor  is 
placed  above  the  cylinder-head  and  is  driven  through 
spiral  gears  from  the  camshaft.  The  same  shaft  that 
operates  the  distributor  also  drives  the  oil-pump,  which 
is  located  in  the  crankcase.  The  electric-lighting  gen- 
located  at  the  front  end  of  the  crankcase  on 
•  the  engine.  The  driving  sprocket  is 
placed  in  a  triangular  relation  to  the  camshaft  and  the 
crar>  -•■-.    the    three    comprising,    with    the 

chain,  the  front-end  drive.     The  starting  motor  is  situ- 
at  the  left  side  of  the  flywheel  housing  and  functions 
igh   the   conventional    Bendix   drive    and    the   alloy- 
steel  ring-gear  on  the  flywheel. 

The  water-pump   is   located    in   the   front  end   of  the 

cylinder-block.     The  water-pump  shaft   also  carries  the 

ating   fan,   both  the   fan  and  the  pump  being 

.red  linked  belt  operating 

from  a  t  the  camshaft.  The  carbureter  is  mo'. 


the    right    side   of   the   engine,   at    the   middle   of    the 

th  oi  the  cylinder.     Fig.  14  shows  the  right  side  of 

DOWerplant    and    Fig.    15    shows    the    cooling    system 

ed  from  the  left   side  of  the  engine.      The  simplicity 

of  the  entire  arrangement    is  evident. 

Transmission  Design 

The  construction   of  the  transmission  and   that   of   the 
clutch  are  shown  in  Fig.  16.     Economy  of  transmission 
I ■!•.  depends  very  largely  upon  the  proper  coordination 
■  e  pear  design  and  upon  the  sizes  o\  the  shafts  and 
bearings.    This  is  dependent  largely  upon  the  center 
ince  of  the  shafts  being  in  a  proper  relation  to  the 
capacity   of   the   transmission.     The  capacity  of  a 
varies  approximately  as  the  square  of  the  diameter  and 
directly  as  the  effective    faci    W  idth  for  a  given  pitch  and 
Mire  angle.     On  the  other   hand,  for  a  given  trans- 
mission capacity,  the  shaft  size  varies  in  a  direct  propor- 
tion of  the  length  between  the  supports  or  bearings  and 
inversely  as  the  fourth  root  of  the  center  distance.    The 


t  Side  or  the  Enoine  Showing 
-km 


Tin;  Transmission  and  the  Clutch 

capacity  of  the  bearing-  musl  increase  in  an  inverse  pro- 
portion to  the  center  distance  between  the  shafts. 

The  length  of  the  transmission  case  increases  in  a 
multiple  of  the  increase  in  the  face-width,  which  multiple 
is  equal  to  twice  the  number  of  sliding  pears  in  the  trans- 
mission. Therefore,  for  a  given  capacity,  it  is  apparent 
that  the  length  of  the  transmission  will  increase  at  a 
more  rapid  rate  than  the  trai  iimension  that  de- 

pends on  the  distance.     Incidentally,  the  stresses 

in  the  transmissi*  ncrease  with  a  decrease  in  the 

lice;  therefore,  the  stiffness  of  the  case, 
which  has  an  appreciable  effect  on  the  running  quality 
of  the  gei  d  with  the  center  distance. 

The  most  economical  coordination  cannot  be  obtain 

by  any   formulated   rules   but  only  after  a  study  of 

Be   conditions. 
Durability  of  the  rear-  is,  within  certain  limits,  very 

tly  affected  by  the  pitch  of  the  teeth.    Consequently, 

pecial  advantage  results  from  designing  the  teeth 
for  bending  strength  alone.  As  long  as  ample  provision 
is  made  against  breakage,  the  use  of  coarse-pitch  teeth 
is  undesirable.  In  the  study  of  the  gear  desipn,  the 
pitch,    the    number    of    teeth    in    simultaneous    contact, 
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the  specific  sliding  factors  and  the  pressure  angle  are 
elements  requiring  consideration.  In  general,  tooth  fail- 
ures rarely  occur  in  present-day  practice.  The  compres- 
sive strength  between  two  teeth  in  contact  under  load 
seems  most  important;  that  is,  the  surface  pressure  of 
the  opposing  curved  tooth-faces  must  not  exceed  the  en- 
durance limit  of  the  material  because,  otherwise,  surface 
fatigue  will  take  place  eventually  and  cause  changes  in 
the  tooth-form  that  greatly  impair  the  running  quality 
or  quietness  of  the  gears. 

The  compressive  strength  also  has  a  direct  influence 
on  the  preservation  of  the  lubricating  film  between  the 
teeth  because,  the  greater  the  surface  pressure  is,  and 
the  smaller  the  relative  velocity  of  sliding  of  the  teeth  is, 
the  more  difficult  it  is  to  maintain  the  oil-film.  The 
relative  sliding  speed  is  zero  at  the  pitch-line  and,  except 
for  the  sliding  produced  by  the  minute  deformation  of 
the  surfaces  in  the  contact,  pure  rolling  of  the  teeth 
occurs.  At  this  point  the  oil  is  squeezed  out  easily  if 
certain  unit  pressures  are  exceeded. 

Wearing  Qualities  of  Gears 

We  can  compare  the  wearing  qualities  of  gears  made 
of  the  same  material  identically  heat-treated  by  the 
modified  Hertz  formula 

K  =  P  [(1/r,)  ±  (1/r.)]  -=-  bsin2tf>  (1) 

where 
<t>  =  the  pressure  angle 

6  =  the  face  width 

K  =  a    factor    proportional    to    the    maximum    compressive 
stress 

P  =z  the  total  tangential  load  on  the  teeth 

rx  =  the  pitch  radius  of  the  pinion 

r.  =  the  pitch  radius  of  the  gear 

This  formula  applies  strictly  only  within  the  compres- 
sive elastic-limit  of  the  material,  but  it  is  comparative 
for  stresses  exceeding  this  limit.  It  has  been  found 
that,  for  a  limited  number  of  applications  of  load,  the 
value  of  K  may  greatly  exceed  the  permissible  value  for 
continuous  operation  of  equal  durability.  For  this  rea- 
son, the  values  of  A"  may  vary  over  a  considerable  range 
for  the  different  speeds,  being  lowest  for  the  constant- 
mesh  gears  and  greatest  for  the  reverse  gears.  The 
tooth  load  P,  computed  from  the  maximum  engine-torque, 
is  used  in  making  comparisons  and  the  permissible  value 
of  K  depends  very  much  on  the  materials  and  the  heat- 
treatments  for  steels,  larger  values  generally  accompany- 
ing greater  hardness. 

Wear  of  the  gear  teeth  is  also  a  function  of  the  rela- 
tive sliding  that  takes  place  between  the  surfaces  of  con- 
tact, while  quiet  operation  depends  to  an  appreciable 
extent  on  the  number  of  pairs  of  teeth  in  simultaneous 
contact;  or,  upon  the  overlap  between  successive  engage- 
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Fig.    17 — Diagram    for    Determining    the    Radius    of   Curvature 
of  the  Involutes  at  the  Point  of  Contact  of  the  Gear  Teeth 

ments.     These  two  elements  conflict  in  tooth-forms  that 
have  the  addendum  equal  to  the  dedendum. 

The  relative  sliding  is  also  a  function  of  the  pressure 
angle  and  may  be  expressed  by  the  formula 

QP  —  1  —  rg/rpR  \ 
Q„  =  1  —  rpR/rg  \ 
where 

Qp  =  the  relative  sliding  for  the  pinion 
Qg  =  the  relative  sliding  for  the  gear 
R  =  the  velocity  ratio 
rg  =  the    radius    of    curvature    at    the    instantaneous 

point  of  contact  for  the  gear 
rp  =  the    radius    of    curvature    at    the    instantaneous 
point  of  contact  for  the  pinion 
Reference  should  now  be  made  to  Fig.  17.  The  number 
of  teeth  in  contact  is 

Nc  =  tan  0  (m,  +  ?i2)  (n,  —  re) /2*  (3) 

where 

Nc  =  the  number  of  teeth  in  contact 
rii  =  the  number  of  teeth  in  the  driving  gear 
?ia  =  the  number  of  teeth  in  the  driven  gear 
<j>  =  the  pressure  angle 

rb  =  the  radius  of  curvature  of  the  tooth  at  the  begin- 
ning of  action 
re  =  the  radius  of  curvature  of  the  tooth  at  the  end 
of  action 
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formolaa  -  the  tooth-form  can  be 

the  tooth  action  di 
Th-  at  the  base  circle  is  equal  to  zero  and. 

a  begins  here,  the  relative  sliding  will  be 
Hence,  it  is  important  for  two  reasons  to  start 
m  on  the  involute  curve  somewhere  above 
.rcle,  where  r    will  be  of  finite  length:    to  main- 
minimum    rate   of   sliding  and   to    maintain    the 
easily  generated.   It  obviously  is  impractica- 
•.erate  with  accuracy  a  curve  that  has  a  radius 
of  curvature  equal  to  zero.    Figs.  18  and  19  show  the  im- 
provement  that  can  be  effected  by  varying  the  specific 
sliding,  the  number  of  teeth  in  contact  and  the  durability 
Tables  3  and  4  give  the  particulars  relating  to 
the  single-eight  transmission-gear  design. 

d  finish  are  also  elements  contributing  to 

durability   and    running    quality.      Generally,    the   more 

accurate  the  profiles  are  and  the  smoother  the  finish  at 

the  beginnir..  ter  the  durability 

will  be.     So  far,  finish-grinding  the  tooth 

most  accurate  method  of  reproduction. 

have  adopted  this  for  regular  production. 

FUNDAMENTAL    REQUIREMENTS   OP   BRAKES    AND   STEERING 

driving   speeds   and    greater   accelerations    re- 
re  rapid  and  more  effective  speed  reduction.     In 
larg-  •    high  power,   the  maximum  degree  of   re- 

gion  for  two-wheel    braki  --en   reached  and, 

ther-  improve  braking  beyond   this   point,   four- 

whe-  must  be  employed.    Good  four-wheel  brakes 

re  careful  study  in  their  design  and  must  be  care- 
fully  mad<-.   for   hazardous   results   follow   if   either   the 
.n  or  the  workmanship  is  subordinated  to  cost  or  if 
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To   explain    the   action    that    braking    fori  •     on 

steering,  the  following  analysis  is  given.  A  correct1 
analysis  cannot  be  made  based  on  the  assumption  that  the 
steering-spindle  and  the  wheel  can  be  treated  as  a  rigid 
body.  The  wheel  and  the  knuckle  must  be  treated  sepa- 
rately; the  forces  and  their  reactions  must  be  determined 
for  each.  Another  element  that  has  been  the  cause  of 
considerable  confusion  is  the  failure  to  distinguish  be- 
tween the  different  kinds  of  resistance  that  can  occur 
between  the  tire  and  the  road.  This  is  absolutely  essen- 
tial to  a  correct  analysis  of  the  problem. 

For  a  car  with  a  high  degree  of  freedom  for  the  rota- 
tion of  the  road  wheels,  one  having  anti-friction  bear- 
ings and  moving  in  a  straight  path  on  a  horizontal  plane 
which,  in  a  practical  sense,  means  moving  straight  ahead 
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Fig.    20 — Diagrams   of  the  Various   Forces   Involved   in   the   Rotation  of  a  Wheel 


on  a  level  road  free  from  deviating  forces  such  as  may 
arise  from  ruts,  the  resistance  to  the  motion  of  the 
wheels  by  the  road  is  due  to  the  rolling-resistance  and 
has  a  definite  value  for  any  combination  of  tire  and  roa'd 
conditions.  With  the  car  again  in  rectilinear  motion  as 
before,  but  with  the  freedom  for  the  rotation  of  the 
wheel  sufficiently  reduced  as  by  locking  the  wheels  with 
the  brakes,  we  have  the  condition  of  the  tire  sliding  on 
the  road.  The  resistance  to  motion  is  then  due  to  sliding 
friction  which,  for  the  same  conditions  of  the  tire  and  the 
road  surface  in  contact,  is  many  times  greater  than  the 
rolling-resistance,  in  some  cases  being  more  than  100 
times  greater. 

A  third  condition  may  occur  in  which  the  resistance 
to  motion  may  be  a  maximum.  Assume,  as  before,  the 
car  in  rectilinear  motion  and  the  front-wheel  brakes 
gradually  applied  until  they  become  locked.  At  any  point 
in  this  motion,  while  the  wheels  are  turning,  the  re- 
sistance to  their  motion  by  the  road  is  due  to  a  combina- 
tion of  rolling-resistance  and  static  friction,  the  amount 
of  resistance  due  to  static  friction  depending  on  the  re- 
sistance to  the  turning  of  the  wheels  by  the  brakes,  be- 
coming a  maximum  on  hard  road  surfaces  just  at  the 
instant  the  wheels  begin  to  slide  on  the  road.  On  cer- 
tain soft  road-surfaces,  the  resistance  may  be  a  maxi- 
mum after  the  wheels  are  locked.  In  general,  the  co- 
efficient of  static  friction  is  greater  than  that  of  sliding 
friction  but,  as  actual  quantitative  values  are  not  essen- 
tial to  this  discussion,  we  may  even  assume  them  to  be 


the  same.  It  is  absolutely  essential  to  recognize  that, 
qualitatively,  they  are  alike  and  different  from  the  roll- 
ing-resistance. 

That  the  total  resistance  to  motion  becomes  markedly 
decreased  when  the  wheels  become  locked  is  a  common 
experience  to  motorists,  especially  on  wet  pavements. 
When  the  wheels  begin  to  slide,  the  car  seems  to  go  right 
on,  the  rate  of  slowing  down  being  reduced  greatly.  This 
is  due,  partly,  to  the  loss  of  the  rolling-resistance  and 
partly  to  the  lower  value  of  the  kinetic  or  sliding  friction. 

Wheel  Forces  and  Rolling-Resistance 

In  regard  to  the  forces  that  act  on  a  wheel  to  over- 
come rolling-resistance,  let  us  consider  a  wheel,  as  in 
the  left  half  of  Fig.  20,  in  uniform  motion  on  a  horizontal 
plane  and  overcoming  rolling-resistance.  The  theory 
of  rolling-resistance  is  based  on  the  assumption  that  the 
surfaces  in  rolling  contact  undergo  a  certain  amount  of 
compression  at  the  place  of  contact;  hence,  the  effect  is 
the  same  as  if  the  roller  were  continually  being  moved 
out  of  a  hollow  or  up  on  the  edge  of  a  flat  on  the  peri- 
phery. If  the  road  is  soft  compared  to  the  roller,  the 
effect  will  be  that  of  moving  out  of  the  hollow ;  if  the  rim 
of  the  roller  is  very  soft,  as  is  true  of  an  automobile 
tire  when  compared  to  the  road,  the  effect  is  that  of 
moving  up  on  the  edge  of  a  flat. 

A  certain  force,  say  Flt  applied  at  the  center  0  of  the 
wheel  is  necessary  to  roll  the  wheel  at  a  uniform  speed. 
The  weight  W  also  acts  through  the  center  of  the  wheel. 
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Fig.    21 — Diagram   of   the    Forces   in   the   Steering-Knuckle 
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Forces  for  Locked  Wheels 

In  rcea'  for  locked  wheels  sliding  on 
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•   of  Fig.  20  as  sliding  without  reta- 
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that,  when  applied  to  the  center  of  the  wheel,  is  neces- 
sary to  slide  the  wheel  at  a  uniform  speed,  we  have  a 
moment  about  the  point  </,  thai  must  be  resisted  by  an 
equal   and   opposite  collide   if   the  s\stem   of    forces    is   to 

be  in  equilibrium.    In  the  case  of  wheels  locked  bj  brakes, 

this  couple  ('  must  be  equal  to  the  resistance  to  the 
turning  of  the  wheel  about  its  center  by  the  friction  of 

the  brakes.  The  force  F  becomes  a  maximum  when 
the  sliding  velocity  is  zero.  This  is  the  static  resistance; 
hence,  the  couple  ('  also  becomes  a  maximum.  When  the 
brakes  are  applied  to  a  rolling  wheel,  the  maximum  value 
off.  is  a  maximum  just  before  the  wheel  becomes  locked 
and  is  equal  to  the  resistance  due  to  the  static  Miction. 
If  we  remove? the  wheel  from  the  spindle  and  replace  the 
forces  W  and  F  and  the  couple  C  acting  on  the  spindle, 
the  system  of  forces  will   not  be  disturbed. 

Analysis  for  Mixed  Resistance 

When  the  wheel  is  rolling  on  a  horizontal  plane  and  a 
tendency  is  exerted  on  it  in  such  a  way  as  to  offer  re- 
sistance to  rotation,  the  resistance  to  uniform  motion  is 
a  mixed  resistance  due  partly  to  the  rolling-resistance 
and  partly  to  the  static  friction.  Experiments  show  that, 
under  this  condition,  the  horizontal  force  which,  when 
applied  at  the  center  of  the  wheel,  is  necessary  to  main- 
tain uniform  motion,  may  be  so  great  as  to  equal  the 
total  weight  on  the  wheel. 

Let  us  consider  the  wheel  shown  in  the  extreme  right 
view  of  Fig.  20.  The  horizontal  force  F  is  equal  to  the 
sum  of  the  rolling-resistance  ami  the  static  resistance  to 
the  wheel.  The  reactions  at  the  tire  will  act  at  the  point 
rf,  off  of  the  vertical  center-line  so  that  the  couple  C, 
which  must  be  applied  by  the  friction  of  the  brakes  to 
resist  the  rotation  of  the  wheel,  is  equal  to  the  moment 
of  static  resistance  F,  about  the  point  rf,.  Here  again, 
the  wheel  may  be  removed  and  the  forces  acting  at  0  be 
replaced  by  equal  forces  and  couples,  and  the  resistance 
will  not  be  disturbed. 

Moment  About  the  Knuckle-Axis' 

Fig.  21  shows  diagrammatically  in  the  left  drawing 
the  arrangement  of  the  front-axle  construction  in  which 
the  center-line  of  the  steering-knuckle  pivot  makes  any 
angle,  /.,  with  the  center  plane  of  the  wheel.  The  right 
portion  shows  the  forces  W,  F  and  C  acting  at  the  center 
of  the  wheel  when  the  brakes  are  applied.  Since  the  line 
of  action  of  the  force  due  to  the  weight  on  the  knuckle 
lies  in  the  plane  containing  the  axis  of  the  spindle,  it 
has  no  effect  on  the  moment  of  the  spindle  axis.  The 
upper  view  of  Fig.  22  shows  a  knuckle  with  the  force  F 
ailing  at  the  center  0  which  causes  a  moment  .1/,,  about 
the  knuckle-axis.  In  the  lower  view  of  Fig.  22,  tie 
pie  C  "tiered  by  the  friction  of  the  brakes  to  turn- 
ing of  the  wheels,  is  represented  by  the  moment  axis 
M.  The  moment  axis  is  a  vector,  the  length  of  which  is 
proportional  to  the  magnitude  of  the  couple  that  acts  in 
a  clockwise  direction  when  looking  in  the  direction  of  the 
arrow.  The  moment  axis  M  ran  he  resolved  into  its 
components  M.,  perpendicular  to  the  axis  of  the  knuckle, 
and  Mi,  parallel  to  the  axis.  The  algebraic  sum  Mi,  and 
Mt  is  the  value  of  the  net  moment  about  the  spindle 
axis.  When  the  axis  of  the  knuckle-pivot  intersects  the 
ter  oJ  the  tire  contact,  the  resultant  moment*,  Mr,  will 
be  minimum  and  due  only  to  the  forces  set  up  by  rolling- 
stance  to  the  wheel. 

Because  of  the  necessity  for  the  tire  to  accommodate 

its   contact    to   the   road   surface,    the    resultant  of   the 

tangent  i.-d  or  braking  forces  on  the  tire  will  not  always 

the    axi      of    the    steering-pivot    with    center- 
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point  design ;  but,  under  certain  conditions,  it  will  act 
with  a  small  moment-arm  about  it.  However,  the  theo- 
retical arrangement  represents  the  normal  condition  and 
the  median  from  which  slight  departures  may  occur  in 
any  direction.  Experience  has  shown  further  that,  with 
this  type  of  steering-layout,  the  action  of  the  brakes  even 
under  abnormal  conditions  does  not  interfere  with  steer- 
ing. 

If,  now,  the  brake-actuating  mechanism  has  a  fixed 
center  of  motion  for  the  entire  front-axle  and  brake  con- 
struction, the  brakes  will  be  unaffected  by  the  steering 
when  the  wheels  are  turned  out  of  the  straight  ahead 
position. 

Brake  Equalization 

Requirement  (2),  embodying  equalization  and  the 
distribution  of  the  braking  effort,  is  met  in  the  proper 
design  of  the  brake-actuating  mechanism.  There  are 
four  combinations  in  which  couples  tending  to  cause 
side-skidding  are  formed,  while  still  another  combination 
tends  to  cause  front-wheel  skidding  that  excises,  or  re- 
duces, the  control  of  steering.  The  formation  of  couples 
can  be  prevented  by  maintaining  the  braking  effort  on 
one  side  of  the  car  always  equal  to  the  braking  effort  on 
the  other  side.  The  greatest  number  of  exigencies  can  be 
taken  care  of  when  the  brakes  are  equalized  universally ; 
that  is.  when  the  front  pair  is  equalized  against  the  rear 
pair  and  the  brakes  of  each  pair  are  equalized  against 
each  other. 

The  cause  of  front-wheel  skidding  lies  in  the  prepon- 
derance of  the  braking  effort  of  the  front  brakes  over 
the  braking  effort  of  the  rear  brakes.  To  eliminate  this 
condition,  it  is  necessary  not  only  to  equalize  the  front 
pair  against  the  rear  pair  of  brakes  but  also  to  adjust 
the  leverages  so  that  the  distribution  of  the  applied 
effort  is  in  proportion  to  the  weight  of  the  front  and  the 
rear  wTheels  during  braking.  The  ratio  of  leverages  is 
determined  best  by  experiment.  No  method  of  hand  ad- 
justment is  precise  enough;  it  is  more  often  dangerous, 
and  no  method  of  equalization  depending  on  elastic  de- 
formation is  adequate  to  accommodate  all  the  variables. 
An  automatic  means  should  be  provided  and  this,  prefer- 
ably, is  some  form  of  differential  mechanism. 

In  the  actuating  mechanism  shown  in  Fig.  23  that  we 
have  adopted,  the  front  and  the  rear  pairs  of  brakes  are 
each  equalized  by  the  differential  action  of  the  continu- 
ous cable  in  the  cross-shaft  and  lever-arms.  The  cam- 
lever  of  one  brake  is  connected  to  each  end  of  the  cable. 
The  cross-shaft  is  operated  by  an  integral  lever.     Obvi- 


ously, the  pull  at  each  end  of  the  cable  must  at  all  times 
be  equal.  The  front  pair  is  equalized  against  the  rear 
pair  through  the  chain.  The  tension  at  each  end  of  the 
chain  is  the  same,  while  the  pull  on  the  rear  cross-shaft 
pulley  over  which  the  chain  passes  has  a  definite  rela- 
tion to  the  pull  on  the  chain.  For  instance,  if  the  rear 
brakes  offered  no  resistance,  the  pulley  would  simply 
move  forward  and  there  would  be  no  tension  in  the 
chain;  consequently,  no  effort  would  be  applied  to  the 
front  brakes. 

Facility  of  Brake  Action 

Considering  the  fact  that  the  brakes  must  act  with  ease 
and  directness,  the  choice  of  a  source  of  power  for  actu- 
ating four-wheel  brakes  is  influenced  by  two  fundamental 
factors;  (a)  the  human  element  and  (b)  the  amount  of 
effort  required. 

Every  normal  person  reacts  physically  in  the  same 
general  way  to  an  external  stimulus.  Repeated  conscious 
effort,  even  when  moderate,  soon  causes  fatigue  or  dis- 
comfort. Therefore,  manual  operation  of  brakes  would 
not  meet  with  general  approval  if  the  required  effort  were 
too  great.  On  the  other  hand,  human  exertion  under 
the  excitation  of  an  emergency  may  be  several  times 
greater  than  even  a  willful  conscious  effort  and,  there- 
fore, a  dynamic  actuating  device  such  as  a  servo-mech- 
anism might  prove  dangerous  except  for  expert  usage. 
With  remote  control,  the  nicety  of  operation  is  not  so 
good,  and  it  is  a  very  desirable  characteristic.  Direct 
manual  actuation  is  safer  because  of  the  more  simple 
and  direct  construction  that  requires  only  the  ordinary 
care  generally  given  to  two-wheel-brake  installations. 
The  fact  that  it  has  always  been  more  or  less  difficult,  in 
the  case  of  heavy  cars,  to  provide  sufficient  leverage 
without  requiring  considerable  pedal  effort,  and  to  main- 
tain sufficient  travel  for  the  brake  pedal  and  still  have 
sufficient  reserve  travel  to  take  care  of  the  wear  of  the 
linings,  gave  the  problem  of  manual  operation  of  four 
brakes  a  questionable  aspect  until  the  shortcomings  of 
ordinary  linkages  were  determined. 

Mechanics  of  Brake  Construction 

The  critical  analysis  of  the  mechanics  of  conventional 
brake  construction  and  operating  linkages  reveals  that 

(1)  All  work  done  by  the  force  exerted  on  the  pedal 

when  it  travels  through  the  distance  available 
is  expended  in  overcoming  friction  or  causing 
elastic  deformation 

(2)  The   overall    mechanical    advantage   is    practically 

constant  throughout  the  pedal  travel 


Fig.  23 — Diagrammatic  Arrangement  of  the  Single-Eight  Braking  System 
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rk  is  the  product  of  forte  and  distance, 

lid  be  done  regardless  of  the  forces  involved. 

lent   that   a  mechanical  advantage 

so  that  tremendous  forces  at  the  shoes 

I    be   created   by   a   very   Blight   applied    force.      The 

problem  would  then  be  simple.     Displacements  that   are 

unavoidable  due  to  extensions,  deflections  and  displace- 

luired  for  clearance,  plus  the  wear  allowances. 

beef  -   to  the  use  of  high  mechanical 

advantages.    In  fact,  the  mechanical  advantage  is  limited 

■  -•   d  -placements. 

This  can  be  illustrated  by  citing  a  concrete  example. 

Let 

a  =  the  clearance  at  the  middle  of  the  brake-shoe 
b  =  the  compression  of  the  shoe-facing  plus  an  amount 
equivalent  to  the  extension  of  the  connecting  link- 
age at  the  middle  of  the  shoe 
c  =  an    allowance    for    wear    before    requiring   adjust- 
ment at  the  middle  of  the  shoe 
r  =  the    mechanical    advantage,    foot    pedal    to    brake 

cam 
n  —  the  number  of  brail 

Then,  for  a  pedal-pad  travel  of  5  in.,  we  would  secure 
a  mechanical  advantage  of 

r  =  5/n(a  +  b  +  c) 
Thus,  for  a  mechanical  advantage  of  18,  which  repre- 
sents an  average  value  for  brakes  on  the  rear  wheels  only, 
the  equivalent  movement  that  must  be  allowed  for  at  the 
center  of  the  brake-shoe  is  equal  to  0.07  in.  per  brake- 
shoe;  that  is,  the  value  of  ;n       I,      c)  =  0.07  in.     If  the 
allowance  were  made  for  four  brakes  the  pressures 
on  the  shoe  would  be  about  one-half  the  pressure  of  two 
nd  the  total  braking  effort   would  be  somewhat 
■nan  that  of  two  brakes  for  a  given  pedal-pressure. 
This,   of  course,   is   due  to  the  greater   friction    in 
four-brake  linkage   and   to   the   increased    resistance   of 
the  larger  number  of  I  ng  springs.     Such  a  con- 
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dition  would  partially  defeat  the  purpose  of  the  four- 
brake  installation  and,  therefore,  a  more  suitable  actu- 
ating mechanism  is  required. 

The  requirements  for  such  a  mechanism  constitute  a 
varying  mechanical  advantage  such  that 

(1)  The  initial  clearance  of  the  brakes  is  taken-up 
quickly  in  a  small  displacement  of  the  brake 
pedal 
(2)  No  sharp  transitions  take  place;  (a)  making  brake 
adjustment  a  critical  requirement  and  (6)  im- 
pairing the  characteristic  "feel"  to  the  driver 

(3)  There  is  sufficient  latitude  so  that  the  operator  is 

warned  adequately  as  to  when  to  adjust  brakes 

(4)  There   is    a    sufficient   ratio,   but   effective   brakinK 

for  a  reasonable  applied  effort 

Various  types  of  varying  leverage  mechanism  are 
available,  but  all  those  considered  were  found  to  be  de- 
ficient in  some  of  the  requirements  that  have  just  been 
sel  forth.  To  meet  these  requirements,  the  epicyclic 
up  gear  was  invented.  This  mechanism  is  shown  in  Fig. 
24.  To  illustrate  the  action  of  this  device,  Fig.  25  shows 
s  displacement  curve  of  the  brake  camshaft-lever  move- 
ment plotted  against  the  movement  of  the  pedal-pad; 
the  mechanical  advantage  for  various  pedal  movements 
ie  plotted  also.  It  will  be  noted  that  both  are  smooth 
curves  without  sudden  changes  in  direction.  With  such 
a  varying  leverage,  the  clearances  and  initial  stretch  and 
defonnationc  are  taken-up  in  the  early  part  of  the  pedal 
travel,  during  which  the  leverage  is  low  and  the  move- 
ment rapid.  This  leaves  sufficient  travel  to  operate  the 
brakes  with  comfortable  effort  and  also  provides  travel 
in  to  allow  for  wear  of  the  linings.  The  decelera- 
tion of  the  car  is  limited  also  to  the  degree  that  on  dry 
road  it  is  impossible,  with  normal  adjustment, 

to   lock   the   wheels    even    if   the   pedal    1      i>u   bed    to 
floor-boat 

1  oMTORi  \i'.i  1.  Steering 

Comfortable  steering  is  largely  a  matter  of  redu< 
friction  losses  in  the  .-leering  mechanism  to  a  mini- 
mum.    Friction  lossec  occur  in  the  steering-pivot,  in  the 
joints  of  the  cross-tube  and  the  connecting-rod,  in  the 
ng-  of  the  steering-gear  and  in  the  reduction  of  the 
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steering-gear.  The  fact  that  these  various  losses  are 
cumulative  makes  it  important  to  give  careful  attention 
to  the  design  at  each  of  the  points  where  losses  occur. 
When  the  mechanism  is  new,  these  losses  are  generally 
lower  than  they  are  at  any  other  time  during  the  use  of 
the  mechanism. 

One  of  the  places  of  greatest  friction  loss  in  front- 
axle  design  is  at  the  steering-knuckle  pin.  Loads  on  the 
steering-knuckle-pin  bearings  are  due  to  a  combination 
of  the  thrust  caused  by  the  weight  on  the  axle  and  the 
radial  forces  due  to  the  beam  action  of  the  knuckle.  Due 
to  the  extremely  low  rubbing  velocities  of  the  surfaces 
of  the  bearings,  when  any  displacement  of  the  knuckle 
occurs  it  is  difficult  to  maintain  efficient  lubrication  of 
the  surfaces  in  contact.  Further,  due  to  space  limita- 
tions, the  loading  is  relatively  high  and,  therefore,  with 
bearings  that  function  through  the  relative  sliding  of 
the  surfaces,  there  is  usually  considerable  friction.  Fric- 
tion of  bearings,   such  as   ball   or   roller  bearings,   that 


ditions,     the    double-row    ball-bearing     is    considerably 
oversize. 

The  ball  joints  for  the  cross-tube  are  constructed  espe- 
cially to  reduce  the  friction  further.  In  ball  joints  of 
conventional  construction,  it  is  necessary  to  make  the 
take-up  spring  very  heavy  to  enable  the  forces  to  be 
transmitted  without  too  much  separation  of  the  spherical 
seats.  The  great  stiffness  of  the  spring  creates  a  con- 
siderable pressure  between  the  surfaces  of  the  ball  and 
its  seats  and,  therefore,  produces  considerable  initial 
friction.  To  eliminate  this  condition,  the  spherical  seats 
are  divided  in  a  plane  containing  the  axis  of  the  cross- 
tube;  hence,  the  steering  forces  have  little  tendency  to 
separate  them.  Therefore,  a  comparatively  light  spring 
can  be  used  to  compensate  for  wear. 

Steering-Gear   Efficiency 

Steering-gear  efficiency  is  largely  a  matter  of  design 
for  the  screw-and-nut  type.     The  efficiency   for  motion 


Fig.  26 — Details  of  the  Front-Axle,  Steering  asd  Brake  Construction 


function  through  the  rolling  contact  of  the  moving  ele- 
ments, is  almost  wholly  independent  of  the  velocity  of 
the  parts.  This  is  particularly  true  at  very  low  speeds 
approaching  the  static  condition. 

Axle  Construction 

Fig.  26  shows  the  construction  of  the  single-eight  axle. 
The  lower  bearing  is  a  combination  radial  and  thrust 
bearing  while  the  upper  bearing,  which  is  a  two-row  ball- 
bearing, takes  radial  loads  only.  Very  heavy  radial 
loads  can  be  imposed  on  the  lower  bearing  under  con- 
ditions such  as  driving  on  badly  rutted  country  roads 
and  through  side-skidding  and  steering  forces,  but  these 
happen  with  a  frequency  that  is  so  small  in  comparison 
with  the  frequency  of  impact  in  thrust  loads  that,  in  de- 
termining the  load-line  of  the  ball  contact,  the  thrust 
condition  was  considered  to  be  most  important.  Thus, 
the  load-line  of  the  ball  contact  was  made  having  an 
obliquity  of  30  deg.  with  the  axis  of  the  steering-knuckle 
pin,  and  the  design  of  the  bearing  was  worked  out  so 
that,  under  normal  static  conditions,  the  maximum 
stresses  produced  would  not  exceed  one-fifth  of  the 
elastic-limit  of  the  material.     On  account  of  space  con- 


opposed  to  the  direction  of  the  force  acting  on  the  nut 
is  given  by  the  formula 

e  =  tan  7/tan  (7  +  8) 
and,  for  motion  in  the  same  direction,  by  the  formula 

e  —  tan  (7  — ■  8)  /tan  8 

where  y  is  the  lead  angle  and  3  is  the  angle  of  friction. 

Thus,  the  efficiency  approaches  the  maximum  when  the 
lead  angle  is  45  deg.  Typical  helix  angles  used  for  worm- 
and-nut  steering-gears  range  down  as  low  at  6  deg.  In 
our  design,  we  have  chosen  a  helix  angle  of  8  deg.  30 
min.  which  has  a  steering  efficiency  of  58  per  cent  as 
against  25  per  cent  for  an  angle  of  6%  deg.  The  amount 
of  irreversibility,  however,  is  also  greater;  for  the  6J2- 
deg.  angle,  the  efficieny  is  7.6  per  cent  and  for  the  S^-deg. 
angle  it  is  29  per  cent.  This  computed  efficiency,  how- 
ever, is  based  on  ideal  conditions  of  the  surfaces  in  con- 
tact; that  is,  upon  efficient  lubrication. 

The  conditions  under  which  the  steering-gear  operates 
are  particularly  unfavorable  to  lubrication.  A  greasy 
layer  formed  by  oil  or  other  viscous  lubricant  has  a  very- 
low  resistance  to  penetration  when  the  rubbing  velocity 
is  very  low  and,  if  the  pressure  between  the  surfaces  is 
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e  developed  structural  weakness  of  the  axle. 
These,   Of   course,    are    not    the   only    causes    for    noise   in 
and   do    not    include   those    met    in    the   design   and 
manufacturing  processes;  they  are  only  the  fundamental 
-   where  the   noise   is  due   inherently   to  a 
change    from    previously    satisfactory    conditions.      Fre- 
quently, axle   noise   is   produced   by   the   use   of  certain 
tire,  by  the  use  of  tire  chains  or  by  other  in- 
auses,  but,  in  such  cases,  the  axle  is  not  to  blame, 
If  the  car  is  driven  with  I  in  any  abnormal  i 

dition,  the  noise  will  become  worse,  to  say  the  least,  and 
it  is  necessary  eventually  to  visit  the  service-station; 
but  generally  something  more  serious  happens,  a  break  is 
almost  inevitable  and  breaks  happen  frequentlj  at  the 
most  inopportune  times  and  are  expensive.  However, 
having  re  I  the  causes  of  the  development  of  axle 

• .  it  is  the  engineer's  work  to  eliminate  them  it 
sible;  or,  if  not  possible,  to  reduce  their  effect. 

Of  the  various  causes  for  the  development  of  noise  or 
the  subsequent  more  serious  troubles,  the  change  in  gear 
adjustment  due  to  the  wear  or  the  failure  of  the  bear- 
ings is  perhaps  the  most  frequent.  In  spiral-bevel-gear 
.  a  spiral  angle  of  about  30  deg.  is  used  generally. 
The  pinion  axial  thrust  for  angles  in  this  neighborhood 
approximates  50  per  cent  of  the  tangential  tooth-load. 
Hence,  the  load  on  the  bearing  that  is  reacting  against 
the  pinion  thrust  comprises  a  radial  component  and  a 
thrust  component  of  nearly  50  per  cent  of  the  radial 
component;  the  direction  of  the  resultant  load-line  is 
inclined  about  60  deg.  to  the  axis  of  the  bearing. 

With  taper-roller  bearings  having  the  small  cone  angles 
common  to  usual  designs,  the  complementary  thrust 
component  for  a  given  radial  component  is  much  smaller 
and,  therefore,  a  secondary  radial  load  that  acts  in  addi- 
to  the  imposed  radial  load  is  created.  By  the  use 
of  larger  cone  angles,  the  complementary  thrust  capacity 
can  be  made  higher  in  proportion  to  the  radial  load 
capacity  to  any  reasonable  degree,  the  maximum  effi- 
ciency of  design  being  reached  when  these  component 
capacities  are  proportional  to  the  imposed  thrust  and 
radial  loads. 

With  the  usual  cone  angles,  the  amount  of  axial  play 
developed  during  wear  is  several  times  greater  than  the 
amount  of  radial  wear  and, therefore,  the  gear  adjust- 
ment is  affected  quickly.  The  proportion  of  end-play  that 
iped  with  a  similar  amount  of  wear  of  the  bear- 
ings in   which  the  cone  angles  are  larger,  is  great  I  ■ 
duced  and  thereby  maintains  the  gear  adjustment    for  B 
much  longer  period  for  a  given  amount  of  wear.     These 
two  advantages  of  steep  cone-angles   are   especially   im- 
portant  in  large  high-powered  car-   in  which  the  axle  de- 
sarily  more  compact  than  in  lighter  cars  ot 
power.    Fig,  27  shows  the  layout  of  the  single-eight 
axle  in  which  these   bearings  have  been  adopted. 

In  the  case  of  the  differential  bearings,  an  increase  in 
the  diameter  of  the  outer  race  results  in  a  lowei    n 

to  distortion   from  the  true  circular   form.     It   ll 

important  that  the  circular  elements  be  maintained;  as 

econdarj  will  be  set-up  during  the 

operation    of    the    bearings.      For    this    reason,    wherever 

ible,  it   i  I  advantage  if  the  strength  of  the 

•    aule.i  by  tin-  i   mountings  in  resi 

the  deformatii  eri  by  the  imposed  loads. 

Where  the  differential  bearings  become  large,  as  in 
the  case  of  axle-  for  can  oi  the  single-eight  weight  and 
power,  the  usual  -  I  ion  of  split  differential  mount- 

ings in  which  the  outer  race  of  the  bearings  is  clar 
under  a  cap  pc     i     es  the  fundamental  disadvantage  of 
a  lack  of  rigidity.     In  the  first  place,  very  great  care 
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must  be  exercised  in  the  machining  operations  to  insure 
an  almost  perfect  fit  between  the  race  diameter  and  the 
bore  into  which  it  is  to  fit.  This  is  initially  difficult, 
as  the  cap  is  bolted  in  place  in  the  differential  carrier 
and  the  bore  is  ground  while  the  cap  is  under  an  entirely 
different  system  of  stresses  than  those  for  the  condition 
in  which  the  bearing  is  clamped  in  place.  After  the 
grinding  operation  is  finished  and  the  bearing  mounted  in 
place  and  clamped,  the  circular  form  of  the  bore  is  no 
longer  maintained.  The  result  of  this  is  that  the  bearing 
is  subjected  in  operation  to  localized  stresses  wherever 
the  diameter  is  the  smallest,  although  there  is  a  tendency 
for  an  elastic  adjustment  to  take  place  in  the  bearing. 

Generally  these  localized  stresses  are  very  much  higher 
than  the  normal  stresses  for  which  a  better  distribution 
of  the  loading  of  the  rollers  and  the  races  is  found. 
Bearings  operating  under .  these  abnormal  conditions 
show  two  characteristic  types  of  failure;  the  races  be- 
come badly  pitted  in  the  areas  of  stress  localization,  or 
the  race  cracks  completely.  Frequently,  however,  rollers 
show  failure;  but,  in  this  case,  it  is  difficult  to  determine 
whether  the  failure  is  caused  by  race  distortion  or  be- 
cause of  improper  adjustment,  unless  the  races  them- 
selves show  distress.  To  add  to  the  distortion  caused 
in  the  original  clamping  of  the  bearings,  the  cap  itself  is 
subjected  to  a  stress  distribution  that  is  not  favorable 
to  the  maintenance  of  a  circular  form  under  the  applied 
bearing  loads. 

To  eliminate  these  fundamental  disadvantages  in  the 
mounting  of  large  bearings,  we  have  adopted  the  con- 
struction as  shown  in  Fig.  27,  which  is  a  mounting  and 
type  just  the  reverse  of  the  clamp  mounting.  In  this 
construction,  the  outer  race  of  the  bearing  is  pressed 
into  the  solid  circular  annulus  of  the  differential  case. 
With  this  construction,  the  circular  form  of  the  outer 
race  is  maintained  accuratelv.     The  form  of  the  inner 


race  is  also  maintained  in  this  mounting.  The  inner  race 
is  pressed-on  to  the  end  of  a  carefully  ground  cylindrical 
sleeve.  This  sleeve  is  stepped  in  two  diameters,  the 
larger  of  w:hich  is  relatively  long  and  fits  a  closely  reamed 
seat  in  the  differential  carrier.  The  outer  end  of  the 
sleeves  is  threaded  for  adjustment.  Such  a  mounting 
eliminates  the  formation  of  any  secondary  stresses  and 
thus  allows  the  bearing  to  do  its  work  most  efficiently 
and  have  the  longest  life. 

Conclusion 

I  have  pointed  out  that  the  basis  of  motor-car  trans- 
portation comprises  the  elements  of  performance,  safety, 
economy,  comfort  and  taste.  To  these  every  thought  and 
effort  devoted  to  the  engineering  and  production  of  the 
modern  automobile  will  find  a  definite  causal  relation. 
We  strived  for  a  certain  degree  of  performance  in  co- 
ordination with  the  other  elements  and  achieved  that 
which  we  set  out  to  do.  We  determined  on  a  degree  of 
safety  for  large  cars  that  we  felt,  in  addition  to  the 
standard  of  inbuilt  safety  that  we  have  always  tried  to 
maintain  and  the  improvement  in  steering  control  which 
we  accomplished,  required  a  brake  on  each  road  wheel. 
The  simplicity  and  accessibility  of  the  engine,  along  with 
the  improvements  that  are  constantly  being  effected  in 
the  advance  of  craftsmanship  in  engine  building;  the  im- 
provement in  the  transmission  and  rear-axle  design ;  and 
the  improvement  in  many  minor  details  have,  we  feel, 
established  a  new  standard  in  economy  above  that  reached 
by  our  previous  efforts  on  cars  of  this  class.  Comfort 
and  taste  have,  we  feel,  been  satisfied  in  a  larger  measure. 
Approval  of  the  inherent  smoothness  of  the  single-eight, 
to  say  nothing  of  that  relating  to  the  appearance,  the 
quality  and  the  texture  of  the  upholstery  and  the  many 
other  appeals  that  have  been  a  constant  object  of  our 
efforts  for  years,  we  leave  to  the  user's  own  judgment. 


THE  PRODUCTION  AND  USE  OF  SILVER 


SILVER  is  produced  largely  as  a  by-product,  since  the  ores 
of  which  silver  is  a  derivative  are  mined  primarily  for 
other  metal  content,  gold,  copper,  lead  and  zinc.  Reputable 
estimates  state  that  silver  production  comes  70  per  cent 
from  base  metal  ores ;  30  per  cent  from  precious  metal  ores. 
The  amount  of  silver  found  is  of  secondary  consideration. 
Therefore,  the  world's  supply  of  the  white  metal  is  involved 
with  many  cross  currents  of  the  supply  and  demand  for 
other  things. 

According  to  figures  prepared  by  the  Director  of  the  Mint, 
the  annual  silver  production  of  the  world  was  running  about 
225,000,000  oz.  in  1913,  just  before  the  war  began.  Since 
then  it  has  not  reached  as  much  as  200,000,000;  the  low  point 
was  touched  with  a  production  of  only  161,000,000  oz.  How- 
ever, a  production  of  198,000,000  was  reached  in  1918  when 
the  war  demanded  large  supplies  of  metals  generally.  The 
figures  show  that  as  a  rule  the  North  American  Continent 
contributes  about  three-quarters  of  the  annual  world  produc- 
tion; the  United  States  usually  rather  more  than  one-third. 
Mexico,  before  the  revolution,  ranked  first  as  a  silver  mining 
country.  But  for  a  long  time  thereafter  production  was  but 
a  fraction  of  that  of  former  years.  Indeed,  the  curtailment 
of  world  supply  from  1914  thi-ough  1921  can  be  largely 
traced  to  the  Mexican  revolution.  Given  a  continued  stable 
political  condition  in  Mexico,  it  is  thought  that  production 
there  may  hold  the  pre-revolution  stride  which  it  picked  up 
again  in  1922.  Last  year  the  81,000,000  oz.  produced  broke 
production  records  for  recent  years.  Some  of  the  Mexican 
mines  have  been  operated  for  hundreds  of  years,  but  experts 
think  that  silver  deposits  show  no  signs  as  yet  of  exhaustion. 

After  Mexico  in  silver  production  comes  the  United  States; 
indeed,  during  many  of  the  revolutionary  years  the   United 


States  was  ahead  of  Mexico.  The  third  place  belongs  to 
Canada;  the  remaining  quarter  of  the  world's  annual  pro- 
duction is  divided  among  the  other  continents. 

North  America  produces  the  surplus  of  silver;  India  and 
China  absorb  it.  This  generalization  appears  to  be  fairly 
well  substantiated  in  experience.  When  the  affairs  of  the 
world  were  flowing  along  relatively  evenly  in  the  years  just 
before  the  war,  there  was  a  rough  equation  between  the  ex- 
ports of  silver  from  the  United  States  and  the  imports  of 
silver  into  India  and  China.  During  the  years  1910  to  1914, 
the  United  States  annually  exported  about  100,000,000  oz. ; 
the  annual  net  import  of  China  and  India  was  about  90,000,- 
000  oz.  It  is  perhaps  fair  to  consider  the  exports  of  the 
United  States  as  representing  the  surplus  product  of  North 
America,  as  most  of  the  exports  of  silver  of  Mexico  and 
Canada  leave  North  America  through  the  ports  of  New 
York  and  San  Francisco.  With  North  America  balanced 
against  the  Orient,  the  silver  produced  by  the  rest  of  the 
world  supplies  the  demand  for  silver  in  the  rest  of  the 
world,  roughly  speaking. 

The  war  created  a  tremendous  demand  for  the  products 
of  India,  cotton,  jute,  rice,  wheat.  And  at  the  same  time 
it  cut  down  the  return  flow  of  imports  from  the  rest  of  the 
world,  piece  goods,  iron  and  steel.  To  strike  a  balance  of 
trade  with  India,  the  precious  metals  were  much  in  demand. 
The  gold  of  the  world  found  a  particular  magnet  in  the 
United  States;  India  was  the  magnet  for  silver.  Hand-to- 
hand  coins,  note  reserves,  personal  ornaments,  individual 
hoardings  in  India  have  always  been  chiefly  silver.  In  the 
war  years  the  silver  that  the  rest  of  the  world  paid  for 
Indian  exports  was  largely  buried  in  that  land  where  every 
man  is  his  own  banker. — Commerce  Monthly. 
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Tthe  business   of  the    American 
•   that  careful  consid- 
ren  to  the  details  necessary  f  ideal 

opera:. ■.■r.       The  equipment  compris. 

;.   one-third  are  motor  driven  and 
have   a    carrying-capacity   of   more   than    one-half   the 
Jjly  l,  1918,  when  all  the  express  compa 
-     .  into  one  organization,  it   was   found  that 
hide    equipment     included     59     different 
makes  and  131  different  models.    Among  the  :!77  trucks 
built  by  one  company  were  21  different  models.     l>iver- 
of   equipment,    of   course,    com:  the    main- 

tenance problem  and  adds  to  the  cost.  Additional  ex- 
pense is  incurred  frequently  by  purchasing  and  experi- 
menting with  parts  offered  by  makers  of  a 
such  as  carbureters,  spark-plugs,  wheels  and  the  like. 
Careful  inspection,  adequate  lubrication  and  the  adop- 
tion of  "stitch-in-time"  methods  will  save  needless  ex- 
pen 

Ex  :'    drivers'    wages,   depreciation,    interest 

and  insurance,  the  operatirj;  costs  are  shown  to  be  dis- 
tributed according  to  the  following  percentages:  Gaso- 
;.!inder  oil,  2.25;  tire  costs,  2.50;  painting, 
body  repairs,  4.75;  chassis  repairs,  35.20;  and 
garage  expenses,  24.00  per  cent.  In  the  eight  largest 
cities  of  the  Country.  tJ2">4  calls  for  assistance  were 
received  at  the  garages  during  the  year;  of  these,  spark- 
plug troubles  comprised  5.9  per  cent;  ignition  system, 
•  arbureter,  8.6;  gasoline  lines  clogged,  7.6;  broken 
fans  or  fan-belts,  9.3;  and  steering-gears,  clutches,, 
transmissions,  drive  chains  and  tires  about  3  per  cent 
each.  In  the  same  cities,  the  calls  for  garage  service 
by  722  electric  trucks  were  less  than  two  per  truck 
per  year.  Exhausted  batteries  caused  19.1  per  cent 
of  the  trouble;  controllers,  12.1;  steering-gear,  6.2; 
brakes,  5.0;  drive  chains,  11.6;  field  or  armature  burned 
out,  4.8;  and  springs,  1.3  per  cent. 

THE  -  of  the  American  Railway  Express  Co. 

is  transportation.  In  fact,  transportation  is  its 
sole  function.  Sight  is  sometimes  lost  of  the  fact 
that  high  efficiency  in  the  business  of  transportation  can 
be  attained  only  through  a  most  careful  analysis  and  a 
careful  consideration  of  the  fundamental  problems  that 
necessarily  must  be  solved  to  assure  perfect  and  econom- 
ical operation  for  the  longest  period  of  time.  Ti 
portation  in  the  case  of  an  express  company  must  be 
reduced  I  ••.     No  sentimental  selection  of  equip- 

ment, guesswork  method  of  operation  or  slipshod  method 
of  rr  ce  can  be  tolerated     During  the  year  1922, 

more  than  lc  I  -hipments  were  handled,  and  I 

id  to  be  handled  at  least  once  at  the   i 
:  at   least  once  at  the  point  of  destination, 
in  a>  handlings  on  the  way.    The  average  weight 

approximately  82  lb.,  producing  a  gross 
noe  of  approximately  $294,000,000.     From  the  mag- 
nitude of  th-  -i  it  can  be  seen  readily  that  it  is 
most  careful  selection  of  vehicle 
pment. 
In  we  require  655  motor  and  approxi- 
mate                        drawn  vehicles.     In  Chicago,  we  have 
in  daily  648  drawn  and  306  power 
25  tractors  with  abJbt  60  trailers. 


nuperiirteri'l'-nt    of    motor-vehicle    equipment. 
New  York   I 


Our  total  vehicle  equipment  throughout  the  United  states 
and  Canada  consists  of  2686  gasoline-driven  vehicles, 
1195  electric  street-trucks,  324  electric  industrial  plat- 
form-trucks and  100  semi-trailers  and  about  8500  ha 
drawn  vehicles.  This  is  a  total  of  12,755  units  of  which 
approximately  33  1.3  per  cent  are  motor  vehicles;  bul 
the  33  1  ">  per  cent  of  motor  vehicles,  to  the  best  <>(  mv 
knowledge,  has  a  carrying  capacity  of  more  than  50  per 
cent  of  the  total.  Statistics  show  that,  in  our  service, 
the  horse-drawn  vehicle  averages  approximately  12  miles 
per  day.  the  electric  vehicle  20  miles  per  day  ami  the 
gasoline  vehicle  30  miles  per  day,  which  surely  is  sufficient 
to  prove  that,  if  we  could  get  a  record  of  ton-miles,  the 
motor  vehicles  are  doing  by  far  the  greatest  amount  of 
actual   work. 

In  the  beginning,  from  1912  to  about  1917,  the  experi- 
ment was  in  the  making  and  there  was  need  of  engineer- 
ing brains  in  the  maintenance  end,  because  the  changes 
were  so  rapid  that  only  alert  quick-thinking  maintenance 
men  could  hold  the  pace  set  by  the  engineers.  It  is  a 
lamentable  fact  that  on  July  1,  1918,  when  all  the  express 
companies  were  merged  into  one,  the  new  organization 
found  itself  in  control  of  59  different  makes  of  motor 
vehicle  and  131  different  models.  There  was  a  large 
number  of  old-line,  or  so-called  manufactured,  trucks. 
One  would  think  that  if  we  had  purchased  only  one  make 
we  should  have  had  a  standardized  maintenance  proposi- 
tion but,  out  of  377  trucks  built  by  one  old-line  company, 
we  had  21  different  models  in  which  the  parts  were  inter- 
changeable only  in  a  small  degree,  and  one  can  see  how- 
far  from  standardization  we  were  kept  by  the  engineers. 
In  the  trucks  recently  bought  from  an  old-line  company, 
changes  were  made  without  notice  to  us,  after  we  had 
received  the  first  lot  and  before  we  received  the  second 
lot,  even  though  the  second  lot  was  purchased  within  a 
few  months  after  the  first,  so  that  it  was  necessary  for 
us  to  carry  two  types  of  radiator  in  the  stockroom  when 
one  should  have  been  enough.  In  one  particular  case, 
in  a  fleet  of  eight  trucks  received  from  an  old-line  com- 
pany, all  delivered  at  the  same  time,  there  were  three 
different  makes  of  magneto.  This  great  difference  in 
models  and  in  constructional  units  complicates  our  main- 
tenance problem  and  adds  much  to  its  cost.  We  realized, 
though,  in  the  beginning,  that  we  were  starting  with 
an  industry  in  which  there  would  be  rapid  development 
and,  while  wi  uldened  by  the  cost  of  maintenance, 

we  are  gladdened  by  the  fact  that  the  developing  of 
motor  trucks  and  the  standardizing  of  parts  has,  we 
believe,  reached  a  stage  of  common  practice.  In  select- 
ing  equipment,  our  engineering  knowledge  teaches  us 
that  the  words  "manufactured"  and  "assembled"  are  dis- 
d  into  one  word  and  that  a  so-called  manufactured 
truck  and  a  iO-called  assembled  truck  in  which  the  im- 
portant constructional  units  have  been  designed  properly 
and  properly  assembled  will  be  found  to  be  identical,  and 
that  with  either  truck  maintenance  should  be  performed 
economically  and  the  satisfactory  performance  of  the 
truck  be  assured. 

The  selecting  Of  motor-vehicle  equipment  certainly  has 
much  to  do  with  the  maintenance  problem,  and  here  again 
engineering  knowledge  is  necessary  to  keep  away  from 
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complicated  apparatus  or  apparatus  that  is  vastly  differ- 
ent from  standard  or  common  practice.  The  fleet-owner 
or  the  buyer  of  motor  trucks  should  not  complain  or 
criticize  engineers  for  what  has  gone  before.  It  was 
necessary  to  study,  work  out  and  improve  the  designs, 
but  though  engineers  are  able  to  produce  a  motor  vehicle 
that  will  perform  satisfactorily  and  economically,  there 
is  still  need  of  engineering  brains  to  avoid  the  expense 
of  hundreds  of  accessories  offered  by  others  than  the 
truck  builders.  We  receive  trucks  equipped  with  car- 
bureters that  were  worked-out  by  engineers,  yet  hundreds 
of  carbureters  are  changed  daily  because  the  owners  or 
the  buyers  have  been  influenced  by  sales  talk.  I  do  not 
know  how  many  spark-plugs  there  are  to  be  had,  but  I 
do  know  that  there  is  only  a  slight  difference,  if  any,  in 
their  intrinsic  value,  and  that  the  owner  or  the  operator 
who  is  continually  trying  different  spark-plugs  is  creat- 
ing an  unwarranted  expense. 

Necessity  for  Engineering  Knowledge 

I  believe  it  is  unnecessary  to  have  an  engineering  staff 
to  supervise  the  actual  maintenance  and  repairs,  but  I 
believe  it  is  necessary  to  have  engineering  knowledge 
to  keep  the  mechanical  forces  or  inexperienced  executives 
from  substituting  or  changing  from  one  thing  to  another 
that  will  prove  no  better.  Take,  for  instance,  the  subject 
of  wheels.  The  old  wood  artillery-type  wheel  has  given 
comparatively  little  trouble ;  the  solid  steel  wheel  may  be 
just  as  good;  in  fact,  I  think  it  is,  and  I  believe  there  is 
a  real  benefit  to  be  derived  from  the  use  of  the  so-called 
resilient  wheel  under  certain  conditions,  but  truck  owners 
should  not  be  influenced  to  the  extent  of  incurring  an 
expense  for  any  accessory  unless  they  have  sufficient  in- 
disputable knowledge  that  the  expense  will  be  returned 
by  economical  performance  or  extended  life.  Therefore, 
before  changing  from  the  conventional  type  of  wheel 
or  the  conventional  type  of  tire  and  adopting  some  of 
the  so-called  resilient  wheels  or  semi-pneumatic  tires, 
a  careful  analysis  should  be  made  by  a  competent  en- 
gineer whose  unbiased  mind  should  enable  him  to  advise 
what  is  best. 

In  the  old  days,  the  frames  were  a  continual  source 
of  trouble  but,  under  the  practice  of  today,  it  takes  some- 
thing out  of  the  ordinary  to  break  them.  We  do  not 
have  broken  frames  to  contend  with  in  regular  service, 
but  we  should  have  them  if  we  did  not  exercise  proper 
supervision  over  operation  and,  by  inspection  and  stitch- 
in-time  methods,  keep  the  rivets  tight,  the  wearing  parts 
properly  lubricated  and  the  natural  wear  corrected.  The 
same  thing  applies  generally  to  most  of  the  other  princi- 
pal units  of  the  truck;  that  is,  to  the  steering,  transmis- 
sion and  axle  units,  which  should  be  lubricated  and  ad- 
justed to  compensate  for  the  natural  wear.  There  is  hard- 
ly any  reason  for  neglect,  other  than  gross  carelessness, 
when  matters  need  attention  on  units  that  afford  easy 
access  for  inspection  and  repair.  Occasionally,  faults 
develop  in  the  hidden  mechanism  of  the  engine  and,  due 
to  poor  judgment,  they  are  not  given  attention  in  time 
to  prevent  expensive  repairs.  The  engine  is  deserving  of 
and  should  have  careful  inspection  by  competent  repair- 
men so  that  it  may  have  a  fair  opportunity  to  operate 
satisfactorily  with  the  other  units  of  a  well-designed 
and  well-built  motor  truck  for  a  reasonable  period,  until 
general  repair  or  rebuilding  becomes  necessary.  We 
know  that  much  has  been  accomplished  by  engineers  in 
the  way  of  simplification  and  standardization  and  we 
should  like  to  see  them  continue,  were  it  not  for  the  fact 
that  carrying  standardization  too  far  in  motor  vehicles 
would    deprive    them    of    individuality.      To    my    mind, 


TABLE  1— 
Item 
Gasoline 
Cvlinder  Oil 
Tire  Costs 
Painting 
Body  Repairs 
Chassis  Repairs 
Garage  Expenses 

Total 


OPERATING-COST  DISTRIBUTION 


Per  Cent 

30.00 

2.25 

2.50 

1.30 

4.75 

35.20 

24.00 


100.00 


building  motor  vehicles  has  reached  the  stage  of  common 
practice,  but  the  engineers  must  engineer  some  in- 
dividuality into  the  cars. 

I  have  asked  engineers  to  develop  a  mileage-counter, 
but  there  seems  to  be  great  indifference  on  the  part  of 
truck  engineers,  who  have  let  the  old  hub-odometers 
remain.  This  instrument  probably  would  record  regular- 
ly and  accurately  were  it  not  for  the  fact  that  it  is  placed 
in  the  most  hazardous  position  possible.  The  difficulty 
with  it  is  that  it  will  not  withstand  the  abuse  of  colli- 
sions with  curbstones  and  elevated  railroad  pillars  and 
with  other  hubs.  It  is  impossible  for  the  truck  owner 
to  keep  records  based  on  actual  miles  traveled,  because 
no  hub-odometer  will  withstand  such  usage.  Also,  I  have 
asked  engineers  to  provide  a  standardized  radiator-guard 
or  at  least  to  complete  the  work  when  they  turn  it  out  by 
applying  a  radiator-guard.  In  many  cases,  they  leave 
this  to  the  owner.  I  have  tried  repeatedly  to  find  out 
why  it  is  necessary  to  remove  the  seat  cushion  in  a  motor 
truck,  almost  without  exception,  to  fill  the  gasoline  tank. 
Why  can  we  not  have  a  filler-pipe  extending  through  the 
seat  panel  so  that  the  tank  can  be  filled  without  disturb- 
ing the  seat  cushions  and  the  cab  curtains? 

Distribution  of  Maintenance  Costs 

The  figures  in  Table  1  will  be  interesting  to  those  who 
have  not  gone  into  operating-cost  distribution  in  detail ; 
the  figures  do  not  include  drivers'  wages,  depreciation, 
interest  and  insurance. 

Gasoline  is  one  of  the  most  important  items  of  ex- 
pense, and  a  live  garage  superintendent  will  always 
watch  that  item.  For  some  reason,  gasoline  seems  to  be 
the  common  prey  of  everybody.  It  is  more  likely  to  be 
used  indiscriminately  than  any  other  item.  Employees 
use  it  for  washing  parts,  and  employees  and  officials  of 
the  firm  using  their  own  cars  for  the  company's  business 
feel  that  they  should  have  their  gasoline  tanks  filled; 
but  all  these  things  can  be  and  no  doubt  are  controlled. 
Gasoline  should  be  saved,  first,  by  knowing  that  the 
carbureter  is  right  for  a  particular  truck,  and  that  if 
any  adjustments  are  to  be  made  they  should  be  made  by 
a  capable  carbureter  man.  Better  still,  a  non-adjustable 
carbureter  should  be  used,  if  possible.  The  drivers 
should  be  taught  that  a  rich  mixture,  which  may  get 
them  over  the  grades  without  shifting  the  gears,  is  bound 
to  waste  35  per  cent;  this  wTaste  will  accumulate  carbon 
which,  within  a  short  time,  will  cause  the  engine  to  work 
badly.  As  a  matter  of  fact,  if  a  driver  would  shift  the 
gears,  he  could  go  over  the  grade  with  the  machine  in 
better  condition  than  a  person  can  who  believes  and 
relies  upon  the  wonderful  flexibility  or  pulling  power  of 
his  particular  truck  or  passenger  car.  Numerous  gasoline 
savers  or  adulterants  are  offered  for  sale.  The  vendors 
claim  to  eliminate  carbon  and  to  crack  or  break-up  the 
gasoline  in  such  a  manner  that  much  greater  mileage 
will  result.  I  have  tried  a  number  of  these  gasoline 
adulterants  without  any  benefit,  and  I  believe  that  the 
Society  will  bear  me  out   in   the   statement  that,   from 
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r  or  the  buyer  generally  knows  little  about 
■;iake  a  selection  from  hundreds  of  samples. 
The  next  item  of  expense  is  tire  cost,  which  we  must 
••  ery  low.     As  a  matter  of  fact,  tire  cost  today 
proximately  25  per  cent  of  what  it  was  in  1913  and 
1914.     Solid  and  pneumatic  tires  are  Bhowing  at    least 
••  mileage  they  did  in  the  period  mentioned. 
and   they   are    giving   from    two   and   one-half   to   three 
times    as   much    service   as    the   old   mileage   guarantee, 
which  was  from  3500  to  5000  miles  on  pneumatic  tires 
and  from  7000  to  8000  miles  on  solid  tires.     The  per- 
centage -ments   for  defective  workmanship  or 
material  i>  BO  low  that  it  is  of  practically  no  importance. 
The    prices    of    painting,    of   course,    will    differ,    but. 
keep   trucks   well   painted   the   cost    should 
■  ed  that  which  I  have  mentioned. 
Bodies  with  durability  built  into  them  in  the  beginning 
should  not  cost  more  than  the  amount  given  for  repairs, 
and  I  believe  they  should  last  fully  as  long  as  any  chi 
upon  which  they  have  been  installed. 

The   greatest    item   of   expense    is    mechanical    repairs 
to  th(  That  surely  should  not  exceed  the  amount 

I  have  mentioned,  and  here  again  I  fully  believe  the 

down  only  by  taking  a  stitch   in  time;  by 
lubrication,    which   it    is   criminal   to    neglect;    and    last, 
but   by  no  means  least,  by   instructions   worked   out    to 
iriver  a  more  extended  conception  of  his  duties 
and   of    I  bility    for    the    valuable    equipment 

plao-  hands.     The  distribution  of  chassis-over- 
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This  was  a  little  less  than  seven  times  per  truck  per 
year.  An  analysis  of  the  causes  of  these  calls,  stated 
in  percentages  of  the  total  number,  is  made  in  Table  3. 
There  were  only  50  cases  of  bearing-trouble,  and 
rarely  a  case  in  which  a  full  set  of  connecting-rod  bear- 
ings burned  out.  The  spark-plug  trouble  in  Table  3  was 
due,  almost  without  exception,  to  the  fact  that  the  driver 
had  been  using  a  choker  and  had  fouled  the  plugs  by 
too  rich  a  mixture:  this  gave  us  an  opportunity  to  teach 
him  that  the  trouble  could  have  been  avoided  if  he  had 
used  the  gearset.  During  the  same  period  and  for  the 
same  number  of  trucks  the  spark-plug  replacements  on 
four-cylinder  engines  have  been  a  little  less  than  six 
per  truck  per  year,  or  a  little  less  than  one-half  of  one 
-park-plug  per  truck  per  month.  The  ignition  system 
parts  other  than  the  spark-plugs,  such  as  the  magneto, 
the  distributor,  the  wiring  and  the  switches,  that  caused 
the  trouble  stated  in  Table  3,  required  only  slight  ad- 
justment or  repair  as  a  rule,  because  the  trouble  was 
of  minor  importance.  This  work  was  done  at  once  and 
the  truck  was  able  to  resume  its  work  immediately.  The 
miscellaneous  troubles  in   Table  3  were  minor,  such  as 


TABLE   ii — ANALYSIS   OF   CAUSES   OF 

TROUBLE  CALLS 
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Per  Cent 
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the  inability  of  the  driver  to  start  the  engine,  or  on 
account  of  the  stalling  of  a  truck  in  a  ditch  or  in  the 
mud  or  snow. 

During  1922  and  in  the  same  cities,  we  had  722  electric 
trucks;  from  these  we  obtained  226,716  working  days. 
We  were  called  out  less  than  twice  per  truck  per  year 
on  account  of  these  trucks,  for  a  total  of  4,987,752  miles. 
During  the  year  we  had  approximately  91  electric  motors 
burned  out;  that  is,  either  the  field  or  the  armature 
burned  out.  This  was  4.8  per  cent  of  the  trouble,  but 
it  is  small  when  the  total  mileage  is  considered.  In 
many  cases  it  was  due  directly  to  the  fact  that  the 
trucks  encountered  deep  snow,  mud,  ice,  cold,  rain,  heat 
and,  in  all  probability,  considerable  overloading.  We 
had  366  cases  of  exhausted  batteries,  which  caused  19.1 
per  cent  of  the  trouble,  or  an  equivalent  of  one  case  of 
trouble  per  truck  in  2  years.  The  other  items  of  im- 
portance were  controllers,  which  caused  12.1  per  cent; 
steering-gear,  6.2  per  cent;  axles,  1.5  per  cent;  brakes, 
5  per  cent;  springs,  1.3  per  cent;  and  drive  chains,  11.6 
per  cent.  On  the  modern  electric  truck  drive-chain 
troubles  have  been  eliminated.  The  remainder  is  made 
up  of  miscellaneous  items  too  numerous  to  mention,  but 
those  who  are  doubtful  of  the  ability  of  the  electric 
truck  to  perform  should  take  note  of  the  fact  that  722 
electric  trucks  performed  better  than  314  truck-days  per 
year,  with  less  than  two  trouble  calls  per  truck  per  year. 
Surely,  all  of  the  above  is  an  indication  of  the  reliability 
of  the  motor  vehicle  and  its  component  parts  and  an 
indication  of  the  service  that  can  be  accomplished  under 
proper  management. 

The  business  spotlight  is  being  turned  on  the  motor 
truck  and  the  organization  back  of  it.  The  light  should 
be  focused  first  on  the  organization  of  maintenance; 
second,  on  the  organization  of  operation.  Each  organiza- 
tion should  be  required  to  analyze  costs  and  to  study 
legislation  referring  to  truck  operation.  Each  organiza- 
tion should  be  required  to  analyze  costs  in  order  that 
nothing  shall  be  left  undone  that  will  bring  about  greater 
efficiency  and  satisfaction  to  the  owner. 

THE  DISCUSSION 

J.  F.  Winchester: — Engineering  brains  have  con- 
ceived the  motor  truck,  have  placed  it  in  its  present 
position  of  reliability  and  are  about  to  create  for  it  a 
more  varied  and  a  wider  field.  Some  standardized  form 
of  cost  analysis  is  needed,  so  that  one  operator  can 
compare  the  results  he  is  obtaining  with  those  obtained 
by  another.  Although,  in  the  past,  we  have  had  certain 
standardized  forms  of  bookkeeping  to  accomplish  this, 
my  observation  is  that  they  are  complicated  and  tend 
to  result  in  confusion  when  direct  comparisons  are  made. 
Therefore,  I  suggest  that  careful  consideration  be  given 
to  the  basis  on  which  a  cost  analysis  should  be  made. 

The  unit  of  cost  will  vary  in  different  industries  but, 
when  a  direct  comparison  of  the  costs  of  mechanical 
operation  is  to  be  made,  should  this  be  by  the  individual 
truck  from  the  date  of  installation,  by  fleet  operation, 
that  is,  an  average  by  make  and  model,  or  by  year;  and 
to  what  degree  or  extent  of  detail  should  these  figures 
be  carried  out?  Simplicity  should  be  the  guide  in  de- 
ciding this  question,  for  there  is  no  doubt  that  there  is 
a  great  tendency  to  analyze  the  various  operating  costs 
in  too  great  detail,  which  results  finally  in  confusion  to 
a   prospective    user. 

My  reason  for  suggesting  a  standardized  form  of 
bookkeeping  is  that,  in  some  particulars,  the  results  of 
my  experience  do  not  conform  to  those  of  Mr.  La  Schum 
and  of  other  authors.     Mr.  La   Schum   states  that  the 
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light  should  be  focused  first  on  maintenance  and  second 
on  operation.  My  experience  has  been,  even  though  I 
am  a  mechanical  man  first,  that  this  order  should  be 
reversed.  The  reason  is  that  the  organization  of  opera- 
tion controls  the  items  of  expense  that  develop  fixed 
charges,  which  constitute  approximately  65.2  per  cent 
of  the  total  operating  charge,  while  the  organization  of 
maintenance  controls  the  group  of  charges  that  make  up 
the  variable  costs,  which  are  largely  mechanical  expenses, 
and  which  my  analysis  shows  constitute  approximately 
34.8  per  cent  of  the  total.  My  division  of  fixed  and 
variable  charges  is  approximately  as  stated  in  Table  4. 
In  considering  unit  costs,  whether  they  be  costs  per 
ton-mile,  per  package  or  per  some  other  unit  of  value, 
it  is  a  fact  that  careful  planning,  routing  and  proper 
equipment  in  connection  with  the  installation  will  be 
the  greatest  factors  in  keeping  costs  down.  The  variable 
charges,  although  constituting  34.8  per  cent  of  the  total, 
include  such  items  as  gasoline,  lubricating  oil  and  grease, 
which,  provided  the  equipment  is  operated  efficiently,  are 
difficult  to  offset.  We  know  that  the  efficiency  of  a  truck 
depends  to  a  large  extent  on  individual  mechanical  de- 
sign and  on  materials  and  that  no  great  economies  can 
be  obtained  in  similar  models,  provided  the  truck  is 
watched  carefully  from  an  inspection  standpoint.  I 
submit,  therefore,  that  the  responsibility  of  the  organiza- 
tion of  maintenance  is  secondary  to  the  organization  of 
operation,  and  that  it  should  render  to  the  organization 
of  operation  efficient  service  from  an  engineering  and  a 
general  operating  standpoint  so  that  unit  costs  can  be 
kept  down  to  the  minimum  figure.  Friction  between  the 
two  organizations  should  be  avoided  and  harmony  should 
be  maintained.  Either  should  be  able  to  pass  on  the 
figures  of  operation,  so  that  constructive  criticism  can 
be  obtained  from  both  units  of  the  organization. 

Combined  Engineering  and  Business  Ability 

The  question  as  to  whether  engineering  brains  should 
direct  the  operating  of  a  truck  fleet  will  always  be  de- 
batable. In  supervising  either  kind  of  expenditure 
shown  in  Table  4,  I  believe  that  a  business  man,  no 
matter  how  keen  he  may  be,  works  under  a  handicap 
unless  he  has  had  some  engineering  training.  The  wider 
his  engineering  training  is,  the  better  position  he  will 
be  in  to  discuss  and  to  pass  on  the  many  problems  that 
arise. 

The  points  brought  out  in  Mr.  La  Schum's  paper  that 
illustrate  problems  in  connection  with  carbureters,  spark- 
plugs, tires,  wheels,  frames,  gasoline  savers,  auxiliary 
air-devices  and  the  like  indicate  that  engineering  know- 
ledge is  necessary  if  these  types  of  accessory  are  to  be 
passed  upon  individually,  without  expensive  experimental 
work.      Repair    and    maintenance    work    ai-e    primarily 
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the  vehicle  is  in  operation.     No  difficulty  "^  any 
importai.  countered  with  the  builders  in  getting 

them  to  use  standard 

I  have  found  no  difficulty  in   recording  mileage.     All 
mileage  reports  in  the  records  to  which   I   have  access 
and  from  the  vehicles   under  my   supervision  a 
on  speedometer  readii  lieve  that  at  least  98  per 

of  the  mileage  turned  in  is  based  on  the  accurate 
results  obtained  from  these  instruments.  A  few  years 
ago  satisfactory  speedometers  and  driving  mechanism 
difficult  to  obtain,  but  the  difficulty  was  caused  by 
driving  the  speedometer  from  the  front  wheel ;  that  is 
a  bad  location,  as  the  instrument  ed  to  the  ele- 

ments, and  results  in  the  rapid  wearing  out  of  the 
universal-joints  and  the  gears.  By  developing  a  drive 
taken  from  the  rear  of  the  gearbox,  this  trouble  practic- 
ally has  been  eliminated.    It  is  also  my  belief  that,  within 

front-wheel  speedometer-drives 
the  point  where  little  difficulty 
comparatively  speaking.  By 
fastening  the  parts  in  such  a  way  that  the  effects  of 
vibration  are  overcome,  the  upkeep  of  this  type  of  drive 
has  been  reduced  to  a  minimum. 

Attention  has  been  called  to  the  mechanical  changes 
in  various  models  of  truck  bought  from  an  old-line  com- 
pany. A  suggestion  that  I  offer  to  the  Society  con- 
templates the  working-up  of  a  mechanical-installation 
sheet  along  standardized  lines  that  would  give  complete 
mechanical  specifications  to  the  truck  operator  concern- 
ing the  type  of  installation  he  is  to  make.  The  sheets, 
•  pared  carefully  by  the  builder  of  the  truck,  would 
rd  the  changes  made  in  its  construction  and  would 
assist  the  fle.  or  materially  in  ordering  material 

en  truck,    T).  should  be  designed  bo  that 

will   allow   the   fleet   operator   to    record    standard 
such  as  boring  l  cylinders,  gear 

changes   and   the   like,    which    sometimes    are   nece 
n  installed  and  which,  to  gi 
the  field,  are  necessary  for  the  main- 
tion  to  ha  at  all  times. 

as  supplied   with  cars  in  the   | 
of  this  problem  satisfactorily.    If  fleets 
•    handled  n  omically  in  the  futun 

tailed    information    rather   than 
ral  information  contained  in  "parts"  ratal-.. 

of  greater  speed  on 

truck  industry  in  supplying  fleet  opera- 

g   data    regarding  a   , 

iting  a   particular  tjtpe 

ommenda- 

■  :     'ailing 

learings  and  the  like, 

the:  r.auling  work  is   being  done,   there   will 


the    i. 

have  been  developed  to 

is     being    encountered, 


definite  assurance  that  the  unit  will  operate  satis- 
factorily when  put  together.  This,  together  with  a  basis 
for  fleet-repair  rates,  is  to  my  mind  a  great  need  in  the 
truck  industry  if  fleets  are  to  be  operated  economically, 
Many  of  the  larger  operators  are  able  to  solve  these 
problems  themselves  because  they  produce  economical 
.I  ion;  but,  in  the  case  of  the  smaller  fleet-operator, 
this  work  constitutes  an  expense  that  is  difficult  for  him 
rb  and  hardly  justifies  his  going   into, 

!'i  lir  Operation  Costs 

I  have  never  been  able  to  pass-up  the  subject  of  tire 
cost  from  the  standpoint  of  tire  cost  only.  My  experii 
proves  that  the  type  of  tire  employed  has  a  definite 
relation  to  the  efficient  operation  of  the  truck  itself, 
We  in  the  automotive  industry  have  beard  certain  claims 
made  by  tire  manufacturers  for  different  types  of  solid, 
pneumatic  and  cushion  tire,  and  also  by  wheel  manufac- 
turers on  the  subject  of  reducing  operating  cost.  We 
must  feel  sorry  for  the  operator  who  paid  great  atten- 
tion to  the  various  claims  made  for  pneumatic  tires  in 
the  last  few  years  for  trucks  of  3' ..-ton  capacity  and 
over,  although  I  believe  that  certain  types  of  pneumatic 
tire  can  be  employed  to  advantage  for  lighter  equip- 
ment. Why  should  we  consider  tire  cost  only,  in  view 
of  the  differences  in  repair  and  mechanical-upkeep 
cost  on  various  types  of  tire  which  indicate  that  a  large 
saving  can  be  made.  Table  5  is  illustrative  of  this  point. 
Based  on  the  difference  in  cost  stated  in  Table  5  and 
assuming  that  100  trucks  ran  25  days  per  month,  12 
months  per  year  and  35  miles  per  day,  we  have  a  total 
of  1,050,000  miles  per  year.  The  difference  in  the 
mechanical-repair  cost  in  this  case  represents  a  saving 
of  $32,970  per  year,  while  the  difference  in  the  total 
mechanical  cost  represents  a  saving  of  $46,200  per  year. 
These  figures  indicate  why  we  should  keep  tire  records 
and  the  reason  for  my  contention  that  we  should  not 
arbitrarily  consider  one  type  of  tire  as  good  as  another 
and  figure  tires  on  cost  alone. 

In  connection  with  standardized  fleet-operation  Cost, 
I  suggest  the  necessity  for  a  standard  form  of  distribu- 
tion of  chassis-overhaul  cost.  The  figures  presented 
by  Mr.  La  Schum  are  interesting,  but  it  is  difficult  to 
make  comparisons  from  the  information  submitted  be- 
cause the  factors  on  which  the  costs  are  based  are  not 
stated  clearly.  Do  his  cost  figures  represent  the  cost 
of  overhauling  a  2,  3  or  5-ton  vehicle,  or  do  they  repre- 
sent an  average  of  a  number  of  vehicles'.'  What  mileage 
had  the  vehicle  traveled  before  the  overhauling  was  done! 
How  old  are  the  vehicles?  How  long  did  the  vehicle 
operate  after  overhauling  as  compared  with  when  it  was 
new?  These  are  questions  that  come  to  my  mind  in 
connection  with  the  cost.  My  experience  on  one  item 
in   this  classification    leads   me  to  believe   that    a 

oj  truck,  after  traveling  from  18,000  to  24,000  miles, 
should  be  overhauled  on  a  labor-hour  classification  on  an 
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average  of  not  over  90  hr.,  while  the  total  repair-cost, 
including  all  charges,  should  not  exceed  an  average  of 
$900. 

Maintenance  Difficulties 

The  analysis  of  troubles  shown  by  Mr.  La  Schum  is 
very  interesting.  I  believe  the  results  of  analyzing  any 
particular  fleet  of  trucks  would  depend  largely  on  the 
types  of  vehicle  employed.  The  type  of  vehicle,  the  road 
conditions  and  the  average  age  of  the  fleet  will  make  a 
great  difference  in  the  percentages.  Disregarding  these 
particular  points,  however,  I  seldom  see  or  hear  of 
trouble  on  the  following  items :  Spark-plugs,  carbureters, 
gasoline  lines  clogged  or  leak}-,  governors,  propeller- 
shafts,  universal-joints,  radius-rods,  drive  chains,  wheels, 
brakes  out  of  order,  gasoline  and  oil  shortage  or  tires. 
Systematic  inspection,  strict  attention  to  the  education  of 
the  operator  and  methodical  operation  have  eliminated 
the  majority  of  the  above  complaints.  Using  a  strainer 
funnel  of  the  proper  design,  or  a  proper  filter  in  the 
pump  or  in  the  nozzle  of  the  hose  from  the  pump,  usually 
will  prevent  gasoline  lines  from  becoming  clogged  or 
leaky.  Instructing  the  driver  in  the  use  of  spare  chain 
links  will  take  care  of  broken  chains.  Governors  usually 
give  trouble  by  failing  to  govern,  but  we  never  hear  of 
an  operator  who  is  dissatisfied  from  this  standpoint. 
Operators  should  be  trained  to  detect  spark-plug  trouble ; 
I  seldom  have  trouble  of  this  nature.  My  spark-plug  con- 
sumption has  been  approximately  one  spark-plug  per 
cylinder  per  year  and  the  individual  design  of  the  oiling- 
system,  and  the  skill  of  the  operator  play  an  important 
part  in  this.  One  type  of  car  that  we  operate  continuously 
has  trouble  with  the  forward  cylinder.  It  is  difficult 
to  detect  when  this  trouble  is  about  to  appear  and,  because 
of  this  difficulty,  the  spark-plug  consumption  on  this 
particular  design  of  car  tends  to  make  the  fuel  consump- 
tion higher  than  it  would  be  ordinarily. 

One  of  the  greatest  items  of  expense  to  the  average 
operator  is  due  to  having  vehicles  out  of  service.  Partic- 
ular stress  should  be  laid  on  this  point  and  accurate 
records  kept  of  the  average  time  a  vehicle  is  in  operation. 
I  believe  that  any  cost  system  that  fails  to  recognize  this 
important  fundamental  will  not  give  accurate  results. 
Based  on  my  experience,  I  believe  that  a  fleet  operating 
over  an  extended  area  and  not  coming  into  a  central 
garage  each  night,  a  fleet  that  is  left  largely  in  the  hands 
of  an  individual  operator,  except  for  a  bi-weekly  in- 
spection, can  be  operated  efficiently  with  a  reserve  equip- 
ment of  approximately  one  truck  for  each  sixteen  trucks 
in  service.  If  an  operator  has  his  vehicles  under  efficient 
central  control  and  has  a  systematic  method  of  upkeep, 
this  reserve  equipment  could  be  reduced  still  further. 

Future  Practice 

Although  the  vehicles  in  the  industry  are  becoming 
more  standardized  from  a  standpoint  of  general  con- 
struction, there  are  still  many  details  and  many  practices 
that  can  be  worked  out  to  clear  up  some  misconceptions 
that  still  exist.  Continued  tests  of  various  grades  of  fuel 
should  be  made  such  as  were  made  recently  by  the 
Society  in  cooperation  with  other  organizations.  Closer 
study  should  be  made  of  the  lubrication  system  by  en- 
gineers, as  there  is  a  very  wide  variation  in  the  lubri- 
cating-oil  consumption  per  mile  in  different  types  of  de- 
sign. Magazine  articles  and  instructions  come  to  me  hav- 
ing to  do  with  the  changing  of  lubricating  oil  at  definite 
periods.  The  general  figure  mentioned  by  various  com- 
panies is  approximately  from  500  to  600  miles.  In 
checking-up  these  recommendations,   it   has   been  found 


that  the  amount  of  oil  in  the  base  of  the  crankcase  ex- 
ceeded, in  some  instances,  that  in  others  by  at  least  200 
per  cent.  Provided  that  all  other  conditions  are  equal, 
the  design  having  the  200  per  cent  excess  of  oil  should 
not  have  the  oil  changed  as  often  as  is  desirable  for  the 
model  carrying  the  smaller  amount.  I  hesitate  to  say 
so,  but,  based  on  my  experience,  I  believe  a  certain 
magneto  that  was  manufactured  in  1914  was  more  ef- 
ficient than  the  majority  of  the  magnetos  we  have  today. 

Because  of  the  type  of  work  the  vehicles  that  I  super- 
vise do,  electric  lights  are  employed  for  lighting  purposes 
almost  exclusively.  There  is  need  of  paying  more  atten- 
tion to  the  details  of  the  wiring  system,  to  the  design  of 
a  generator  suitable  for  charging  a  battery  of  the  nickel- 
iron  type;  to  a  suitable  mounting  and  a  mechanical  clutch 
that  will  permit  the  disconnecting  of  the  generator  when 
it  is  not  operating.  The  electric  generator  should  be 
built  so  that  it  will  withstand  the  vibration  of  motor- 
truck operation. 

There  is  need  for  an  extensive  study  of  semi-pneu- 
matic or  cushion-type  tires,  from  the  standpoint  of  carry- 
ing capacity.  A  suitable  definition  should  be  given  as 
to  what  a  semi-cushion  type  of  tire  is;  and  a  definite 
and  logical  table  as  to  the  relative  amount  of  damage 
done  to  the  highways  should  be  worked-out,  so  that  State 
officials  would  differentiate,  from  a  licensing  standpoint, 
between  the  solid,  the  pneumatic  and  the  semi-pneumatic 
tires.  Then  operators  would  pay  in  direct  proportion 
to  the  damage  caused  by  various  types  of  equipment  on 
varying  models  of  tire. 

The  influence  of  the  Society  should  be  put  behind  the 
elimination  of  engine  or  unit  numbers  of  any  character, 
so  that  the  fleet  operator  who  desires  to  make  repairs  by 
the  unit  system  can  do  so  without  running  foul  of  the 
present  laws.  Invariably,  business  or  passenger  ears 
are  licensed  according  to  the  engine  number  and  trucks 
according  to  the  chassis  number  but,  in  registering  either 
type,  the  engine  is  always  considered.  Why  will  not  the 
chassis  number  alone  satisfy  both  the  builder  and  the 
State  authorities?  The  present  system  of  making  it  a 
felony  to  change  an  engine  number  certainly  complicates 
the  prompt  overhaul  of  trucks  or  vehicles  on  a  unit- 
system  basis. 

F.  C.  Horner: — Several  points  in  Mr.  La  Schum's 
paper  are  of  great  importance  to  successful  motor-truck 
operation  and  should  be  considered  thoroughly  at  every 
opportunity.  First,  what  is  the  best  way  in  which  to 
decide  what  vehicles  to  standardize  on?  Mr.  La  Schum's 
experience  is  a  splendid  example  of  the  problem  of 
changing  over  a  large  number  of  miscellaneous  motor- 
trucks, more  or  less  nondescript  in  character,  make, 
model  and  size,  into  a  scientifically  coordinated  fleet  in 
which  standardization  has  been  the  main  objective.  The 
explanation  of  the  conditions  he  describes  was  the 
merger  of  all  the  express  companies  into  one,  but  little 
thought  apparently  had  been  given  previously  to  stand- 
ardization by  the  individual  companies.  It  appears  that, 
either  through  ignorance  or  from  the  unsatisfactory  re- 
sults with  equipment  already  in  use,  it  had  been  the 
policy  of  their  transportation  managers  to  experiment 
with  every  new  make  and  size  of  vehicle  brought  out  that 
seemed  to  be  better  than  the  older  ones.  The  advantage 
Mr.  La  Schum  had  over  his  predecessors  was  that. 
through  records  of  performance,  he  could  eliminate  the 
''duds"  and  gradually  boil  down  his  fleet  to  standards  of 
make,  model  and  size  that  would  furnish  the  best  service 
for  the  longest  time  and  with  the  least  interruption.  But 
what  plan  should  the  beginner  in  fleet  operation  follow 
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BFUL   Inspection   Necessary 

■ther  point  in  Mr.  La  Schum's  paper  is  the  vital 
ful  inspection  methods  in  motor-truck 
operation.  The  most  thorough  system  of  inspection  in 
large  fleet  operation  that  I  know  of  is  to  be  found  in 
the  London  General  Omnibus  Co.  Naturally,  when  human 
life  is  at  stake,  too  much  care  cannot  be  taken  to  avoid 
accidents  but,  coupled  with  the  necessity  for  economical 

ition,  maintenance  and  repair,  inspection  becomes 
doubly  n-  BSe.     The  "Driver's  Report  ami 

Dock  Overhaul   Sheet"   is  the  basis  of  their   inspection 

m.  It  covers  a  30-day  period  and  all  involuntary 
red  on  the  report.  In  another  column 
and  Remarks  on  Running"  are  registered,  and 
in  the  column.  "Repaired  By"  the  mechanic  making  the 
repairs  signs  his  initials.  The  month's  record  then  is 
on  one  sheet,  which  is  attached  to  the  vehicle  when  it 
into  "Dock"  at  the  end  of  every  30  days.  The 
foreman  and  his  staff,  by  consulting  the  dock  sheet,  are 
able  to  determine  the  weak  spots  at  once,  if  there  are 
any,  and  to  remedy  them.  Of  course,  even  if  the  dock 
sheet  showed  a  clean  performance  for  the  vehicle,  the 
dock  overhaul  would  be  no  less  thorough.  In  addition, 
the  inspectors  go  over  every  vehicle  at  night  and  make 
any  repairs  or  adjustments  that  are  necessary.  One 
thing  will  show  the  thought  given  to  inspection  by  this 
eompany.  The  steering-arms  and  the  connections  are  kept 
highly  polished  and  are  wiped  off  each  night  with  a  rag 

vith  kerosene  so  that  the  inspector  shall  not  fail  to 

detect  a  flaw  or  failure  in  the  metal,  if  one  be  present. 

•.ch-in-time"  methods  that   "save   nine,"  as 

Mr.  La  Schum  so  aptly  puts  it.     Unfortunately,  too  few 

motor-truck  operators  realize  this  important  truth. 

It  is  of  interest  to  note  that  almost  every  motor-truck 
operator  I  met  abroad  referred  to  the  unsatisfactory 
mileage  recorders  of  today,  and  most  of  the  recorders 

v  in  England  were  of  American  design.  Why  we 
cannot  turn  out  an  accurate,  durable  recorder  is  a  mys- 
tery' to  me  for.  without  accurate  mileage  records,  the 
operator  cannot  keep  dependable  costs. 

INEEBING  Am 

Another  important  point  is  the  courteous  manner  in 
which  Mr.  La  Schum  deals  with  the  engineers  who  dl 

r  trucks.     It  has  always  teen  my  opinion  that  auto- 
'.gineers  could   do  more  toward   helping   them- 
the  truck  operators  if  they  knew  more 
about  the  problems  with  which  the  operator  is  confroi 

of  the  truck  companies   would  consult 
the  •  of   motor  vehicles   and    would 

prof.  knowledge  gained,  it  would  be  unnece- 

for  Mr.  La  Schum  to  remind  the  Society  of  the  things 
that  ft  undone  by  the  engineers,  for  many 
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.r  and  to  maintain  and  as  nearly  fool-proof  as  it  is 
humanly  possible  to  make  them.  Take  oil"  the  frills;  in 
tiala  are  the  only  things  that  count.  On 
the  other  hand,  what  the  operators  must  learn  is  that 
the  "stitch-in-time"  plan  pays,  that  an  ounce  of  thorough 
inspection  is  always  worth  a  full-weight  pound  of  repairs. 
A  motor  truck  is  a  piece  of  tine  machinery  requiring 
proper  care  and  attention  on  account  of  the  varied  nature 
»{  the  conditions  under  which  it  functions  as  a  means 
of  transportation.  Knowledge  is  power  Neither  the 
engineer  nor  the  operator  can  expect  to  reach  a  state  of 
perfection  without  a  thorough  knowledge  of  the  other's 
problems  and  close  cooperation  is  the  most  effective  way 
to  obtain  that  knowledge. 

Regarding  the  question  of  fuel  consumption,  a  careful 
check  of  miles  per  gallon,  by  vehicle,  by  garage  and  by 
district,  posted  in  such  a  way  as  to  create  a  desire  on 
the  part  of  the  garage  superintendents  and  the  drivers 
to  lead  the  field,  is  one  of  the  best  ways  to  obtain  high 
gasoline-mileage.  Analyze  your  fuel  from  time  to  time 
to  see  that  it  is  up  to  the  mark.  Chart  your  fuel-con- 
sumption records,  study  them  and  see  where  the  leaks 
are,  and,  without  adding  frills  to  your  organization,  you 
will  get  good  results. 

On  the  subject  of  lubrication,  it  seems  to  me  that  it 
would  be  an  easy  matter  for  the  truck  builder  to  de- 
termine exactly  what  oil  is  best  for  the  engine  on  his 
truck  and  to  send  out  a  formula  of  this  oil  with  each 
vehicle.  This  formula  would  simply  be  a  chemical  an- 
alysis, so  to  speak,  of  what  had  been  found  to  be  the 
best  oil  for  a  particular  engine.  No  mention  of  any  brand! 
or  make  of  oil  is  necessary ;  the  operator  can  check-up  on 
his  oil  by  chemical  analysis  from  time  to  time,  and 
the  oil-supply  company  must  toe  the  mark  or  lose  the 
business.    I  tried  this  some  years  ago  with  good  results. 

E.  E.  LA  SCHUM: — Mr.  Winchester  said  that  he  could 
not  reconcile  the  gasoline  costs.  I  think  that  this  may 
have  come  about  by  the  fact  that  I  left  out  interest,  de- 
preciation, drivers'  and  helpers'  wages  and  the  like.  I 
think  the  reason  that  gasoline  cost  runs  high  in  operating 
express  trucks  is  that  these  vehicles  operate  almost  en- 
tirely in  congested  traffic,  running  on  change  gears,  back- 
ing-up  to  and  pulling  away  from  shippers'  platforms  and 
doing  a  large  amount  of  engine-running  while  accomplish- 
ing no  mileage.  One  of  the  most  difficult  things  to  de- 
termine and  to  prove  is  whether  a  cushion  wheel,  a  pneu- 
matic tire  or  a  semi-pneumatic  tire  is  better  than  a  solid 
tire,  because  express  trucks  run  exclusively  in  cities.  I 
can  say  without  hesitancy  that  road  conditions  generally 
are  smooth.  We  do  not  get  vibration,  but  the  fellow  who 
runs  between  New  York  City  and  Philadelphia  at  a  high 
rate  of  speed  cannot  get  speed  and  not  get  vibration. 

W.  1'.  Kennedy:  — In  Table  1,  why  are  the  body  and 

the  chassis-repair  costs  40  per  cent  when  the   gasoline 

'  is  30  per  cent? 

Mr.  La  Si  HUM:  The  truck  is  doing  a  great  amount 
of  running  that  brings  about  wear  and  tear.  The  body- 
repairs  are  more  apt  to  be  necessary  in  congested  terri- 
tories, on  account  of  collisions  with  wagon  poles  and  with 
each  other,  when  backing-up  in  close  quarters  at  rail- 
road depots.  If  it  were  not  for  this  item  of  colli- 1 
ody  repairs  would  not  amount  to  nearly  so  much. 

Mr.  Kennedy:  What  is  the  2-ton  electric  truck  mile- 
age without  boosting? 

Mr.  La  Schum: — A  2-ton  electric  truck  in  proper  con- 
dition, with  the  loads  varying  as  they  do  in  the  express 
!;y  will  make  about  30  to  35  miles  per  day  on 
a  single  battery-charge. 
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Mr.  Kennedy: — Have  you  made  any  observation  as  to 
variation  in  the  tire-maintenance  cost  due  to  the  effects 
of  different  road  impacts? 

Mr.  La  Schum: — No. 

R.  E.  Plimpton: — Will  Mr.  La  Schum  tell  us  how  he 
determines  the  period  of  overhaul  on  which  the  costs 
are  based?  Does  it  depend  on  mileage,  or  time,  or  on 
the  judgment  of  the  shop  superintendent? 

Mr.  La  Schum  : — It  depends  on  general  judgment, 
but  mileage  has  more  to  do  with  overhaul  than  anything 
else;  approximately,  it  is  done  after  each  18,000 
miles  of  travel.  The  trucks  to  which  the  costs  given 
apply  were  two  3M:-ton  trucks. 

Chairman  W.  E.  Kemp  : — Mr.  Horner  asked  you  to  de- 
fine assembled  and  manufactured  trucks  more  clearly. 

Mr.  La  Schum  : — I  have  said  that  the  terms  "manu- 
factured" and  "assembled"  resolved  themselves  into  one 
word.  I  cannot  understand  what  the  difference  is,  be- 
cause all  trucks  are  manufactured.  Some  builders  manu- 
facture one  unit  and  some  another.  The  point  that  strikes 
me  forcefully  is  that,  if  you  dismantle  a  so-called  manu- 
factured or  a  so-called  assembled  truck,  and  put  it  on  one 
table,  then  dismantle  another  truck  and  put  it  on  another 
table,  a  layman  can  pick  out  parts  that  are  identical  such 
as  the  wheels,  radiators,  frames  and  the  like.  After  the 
layman  has  picked  out  the  parts  that  are  identical,  if  you 
call  in  a  well  posted  man  he  will  pick  out  more  parts.  An 
engineer  will  pick  out  parts,  not  identical  in  shape,  but 
identical  in  function.  After  you  have  finished,  it  seems 
to  me  you  will  have  a  manufactured  truck. 

One  thing  that  engineers  could  do,  if  it  were  consistent 
with  good  salesmanship,  would  be  to  indicate  to  the  truck 
user  that  if  a  part  is  broken  he  does  not  need  to  throw  up 
his  hands  just  because  there  is  not  a  service-station  next 
door.  There  are  many  sources  of  supply  that  will  en- 
able him  to  obtain  that  broken  part.  Service-stations  are 
necessary  and  truck  builders  and  truck  assemblers  have 
done  much  at  great  expense  to  bring  about  the  establish- 
ment of  proper  service-stations  but,  if  I  have  a  broken 
spring,  I  do  not  necessarily  think  of  the  truck  builder, 
because  I  know  of  many  places  where  I  can  procure  the 
same  kind  of  spring;  if  I  have  a  broken  magneto  part, 
there  are  plenty  of  places  in  which  to  get  the  magneto 
repaired.  Ball  and  roller  bearings  are  interchangeable 
in  a  dozen  different  kinds  of  trucks.  That  is  true  to  a  con- 
siderable extent  of  engine  and  connecting-rod  bearings, 
though  not  so  universally.  It  is  more  true  with  assembled 
trucks  than  with  so-called  manufactured  trucks.  Still  I 
do  not  see  the  difference  between  so-called  manufactured 
and  assembled  trucks. 

W.  R.  Graham  : — Has  Mr.  La  Schum  tried  pneumatic 
tires  on  electric  trucks? 


Mr.  La  Schum  :— We  never  use  pneumatic  tires  on 
electric  trucks  because  they  are  slow  and,  because  of  the 
continuous  torque,  it  has  never  been  considered  necessary 
to  try  them. 

Mr.  Graham  : — What  plan  should  a  beginner  in  fleet 
operation  follow  in  the  matter  of  selection  and  standardi- 
zation ? 

Mr.  La  Schum: — It  is  a  fact  that  all  the  old  express 
companies,  before  they  were  merged  into  one,  did  con- 
siderable experimenting.  No  industry  has  done  more  to 
help  the  motor-truck  industry,  because  the  express  com- 
panies spent  their  money  freely  and  tried  many  types  of 
truck,  not  through  ignorance,  but  to  assist  in  promoting 
the  motor-truck  industry.  After  the  motor-truck  build- 
ers had  reached  a  position  where  they  could  stand  on  their 
own  feet  and  fight  for  business,  the  reason  the  American 
Railway  Express  Co.  inherited  fifty-nine  different  makes 
of  trucks  and  131  different  models  was  reciprocity.  All 
the  builders  took  advantage  of  the  express  company  be- 
cause they  shipped  everything  by  express.  They  con- 
tinued to  use  the  big  stick  of  reciprocity  until  1918,  when 
the  Government  told  the  express  company  that  it  must 
get  down  to  a  standardized  basis  and  give  more  economi- 
cal performance. 

The  so-called  assembled  truck  simplifies  the  mainte- 
nance problem.  So  many  units  are  identical  that,  although 
the  trucks  are  built  by  different  companies,  I  can  main- 
tain them  economically. 

A  Member: — What  does  Mr.  Winchester  consider  to  be 
the  relative  value  of  grease  versus  oil  for  a  gearbox  or 
differential  lubricant? 

Mr.  Winchester: — I  can  make  no  relative  comparison 
because  I  only  use  and  recommend  oil  for  this  purpose. 

In  connection  with  my  comparison  of  gasoline  con- 
sumption with  that  of  Mr.  La  Schum,  I  stated  that  the 
gasoline  cost  was  SSy3  per  cent  of  the  total  maintenance 
cost.  I  say  that  because,  when  an  average  man 
thinks  of  33T<$  per  cent  of  his  costs  being  gasoline, 
he  is  apt  to  be  critical  of  the  oil  company.  In  my  con- 
sideration of  this  problem,  as  is  shown  in  Table  4,  I 
have  included  under  fixed  charges:  Chauffeur  and  help, 
storage,  insurance,  license  and  depreciation,  which  con- 
stitute the  65.2  per  cent  of  the  total.  Under  variable 
charges,  I  have  included  gasoline,  lubricating  oil  and 
grease,  tires  and  road  and  miscellaneous  expenses.  When 
I  get  on  the  same  basis  that  Mr.  La  Schum  has 
considered  and  take  into  consideration  gasoline,  oil  and 
grease,  body  and  chassis  repairs  and  garage  expenditures, 
I  find  that  my  figures  practically  agree  with  those  of  Mr. 
La  Schum;  if  anything,  they  are  a  little  higher  on  the 
gasoline  consumption. 
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r///  ,;„/,,■  this  heading  each  month  a  topic  that  is  pertinent  to  tin 

;.,r  of  special  interest  to  some  group  of  the  Socittii  member- 
urgent  problem  <</'  the  industry.     Sinct    tin    object  of  the  department  is  to  act 
•<   shall  I;  pleased  to  receive  the  comments  of  members  regarding 
■  what  might  to   Of  interest  in  this  connection. 

INFORMATION  SERVICE 


TH1  f  having  readily   available 

a  fund  of  technical  information   pertinent  to  the  solution 
.in  hardh  tated.     Such  infor- 

mation forms  a  basis  for  the  development  of  new  ideas  and 
mak.  tided  application  of  principles  already 

established.  Its  usefulness  is  largely  governed  by  its  degree 
of  availab 

There  are  those  who  prefer  to  launch   a  pro;  nter 

a   new    field    of   in-  :•'    uninfluenced   by   that 

which  has  already  been  accomplished  in  identical  or  closely 
related  fields  of  endeavor.  But  it  is  certain  that  a  great 
major  ..rkers  believe  that  thorough  enlightenment  is 

the  first  requirement;  they  desire  at  the  outset  to  be  fully 
informed  as  to  past  activities  and  through  this  information 
to  be  warned  against  the  pitfalls  that  have  retarded  the 
progress  of  others. 

•he  generally  accepted  validity  of  the  above 
statements,  however,  each  individual  organization  in  the  in- 
ry  does  not  maintain  and  probably  cannot  reasonably 
be  expected  to  maintain  a  complete  or  even  very  comprehen- 
sive repository  for  information.  Although  some  have  gone 
far  in  this  direction  by  establishing  extensive  libraries  and 
reference  files,  yet  the  vast  majority  still  depend  largely 
upon  the  efforts  of  the  individual  to  glean  his  facts  wherever 
he  may,  from  sources  that  are  often  uncertain  and  scattered 
and,  in  some  cases,  inaccessible. 

It  was  with  a  realization  of  these  conditions  and  in  conse- 
quence of  a  lively  and  increasing  demand  for  technical  in- 
formation that  the  Society  of  Automotive  Engineers'  infor- 
mat:  iblished  some  years  ago.    It  has  since 

become  an   important  part  of  the  activities  of  the  Research 
Department.      From    its    inception,    this   branch    has    under- 
•  tied    enlargement    of    its    sphere    of    activities, 
rand-  made  upon  it  have  increased.     It  has  always 
render  an  important  service  to  the  men 
by  making  available,  and  readily  so,  any  obtainable  material 
tive  and  allied  subjects  that  may  be  of  particular 

Many   I  r  such   information   an  I   on   the 

day  -ceipt;  they  may  involve  questions  with  which 

mem  <•  research  staff  are  familiar  and  that  can  be 

-    thej     rnay    require    r 
or   other    pub  hat    are    cataloged    in    the    refi  n 

files.     In  ,  it  should  bi  that,   in   addi- 

all    important 

•  ived   each   month   are   carefully 

'  ient  value  are  either  mentioned 

•    the    Notes   and   Reviews  column   of 
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are  sent  to  members  who  have  expressed  a  desire  for  them. 

Certain  inquiries  demand  more  extensive  investigation 
than  the  type  mentioned  above,  before  they  can  be  properlj 
and  adequately  answered.  For  such  work  there  is  accessible 
the  Society's  library  that  contains  a  large  number  of  books 
on  automotive  and  related  subjects  ami  also  a  file  of  over 
60  periodicals,  both  domestic  and  foreign.  The  use  of  this 
library  is  directly  available  to  members.  In  addition,  access 
may  be  had  to  other  libraries,  notably  that  of  the  Engineer- 
ing Societies  with  its  very  extensive  collection  of  publica- 
tions. Furthermore,  the  Department  has  a  file  containing 
a  great  amount  of  technical  information  obtained  by  the 
research  staff  through  personal  consultation  with  various 
investigators  who  have  seen  fit  to  release  the  material  for 
distribution.  This  file  includes,  besides  printed  documents 
from  governmental  and  educational  organizations,  a  large 
number  of  informal  reports  on  various  subjects. 

Inquiries  are  frequently  received  that  relate  to  subjects 
not  covered  by  publications  or  documents  at  hand  but  that 
are  of  sufficient  general  importance  to  the  membership  to 
warrant  making  a  special  investigation.  This  involves  cor- 
respondence as  well  as  interviews  by  a  member  of  the  re- 
search staff.  To  illustrate:  a  firm  recently  addressed  the 
Department,  stating  that  trouble  was  being  experienced  in 
finishing  the  surfaces  of  piston-ring  grooves  to  a  high  de- 
gree of  smoothness  and  accuracy.  It  was  explained  that  the 
ordinary  forming  tool  leaves  in  the  metal  small  ridges, 
whose  initial  wear  in  service  being  very  rapid,  can 
ness  of  the  rings  and  corresponding  leakage  past  them. 

\  number  of  letters,  stating  the  above  case,  were  sent  to 
leading  manufacturers  with  a  request  that  any  person  who 
had  available  for  distribution  material  of  interest  on  this 
subject  send  it  to  the  Department  at  his  convenience.  The 
returns  from  this  inquiry  and  reports  nf  personal  interviews 
on  the  subject  have  been  forwarded  immediately  to  the  in- 
quirer. Furthermore,  it  is  expected  that  sufficient  material 
of  general  interest  will  be  received  to  warrant  its  presenta- 
tion in  these  columns  at  an  early  date.  Obviously  the  suc- 
cess of  an  investigation  of  this  type  is  very  largely  dependent 
upon  a  spirit  of  cooperation  and  helpfulness  among  engi- 
neers.    This  has  been  found  to  exist  in  a  marked  degree. 

It   i-  the  policy  of  the  Department  to  maintain,  so  far  as 
ble,  a  direct   contact    with   persons  engaged   in   research. 
with   a   view   '  Qg   them    by    furnishing   needed    infor- 

mation.    This    i-    often    accomplished   by    , 
members  of  the  stair. 

It  is  hoped  that  increasing  numbei    of  the  membership  will 
■  ,•    ,,f    the  of    the    information    s.  I 

:m,l  thai  of  all  will  be  conl  inued. 
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A  TRACT  comprising  several  acres  of  "tamarack" 
swamp,  drained  with  tile  the  previous  fall  and 
cleared  of  stumpage  the  following  spring,  was  util- 
ized to  obtain  accurate  information  regarding  the 
tractor  and  the  plowing  equipment  required  for  the 
heavy  operations  of  first  breaking  of  the  peat  soil, 
which  was  from  5  to  7  ft.  deep.  The  paper  describes 
the  equipment  used,  gives  details  of  the  procedure  and 
presents  the  data  that  were  obtained. 

Three  different  types  of  tractor  and  two  types  of 
plow,  the  latter  having  either  a  marsh  or  a  breaker 
bottom  and  equipped  both  with  and  without  a  furrow 
pusher  were  used.  Specifications  of  the  tractors  and 
the  plows  are  given  and  commented  upon,  graphs  and 
tabulations  of  the  results  being  presented  also.  Power 
requirements  on  timbered  peat  and  on  grass  marsh  are 
compared  and  the  efficiency  of  the  plowing  equipment 
is  discussed. 

INFORMATION  regarding  the  equipment  necessary 
for  peat-land  farming  is  both  meager  and  conflicting. 
This  is  true  more  particularly  with  respect  to  the 
preliminary  operation  of  breaking  and  preparing  the 
first  seed  bed.  A  tract  of  peat  land  under  the  control 
of  the  Minnesota  Agricultural  Experiment  Station  was 
being  put  under  cultivation  for  drainage  experimental 
purposes,  in  the  spring  of  1922,  and  the  opportunity  was 
therefore  utilized  to  obtain  accurate  information  regard- 
ing the  equipment  required  for  the  heavier  operations 
and  the  best  methods  for  applying  that  equipment. 


Pig.   1 — The  Character  of  the   Original  Timber  and  the 
Quantity   of   Stumps   Removed 

The  tract  selected  comprised  several  acres  of  "tama- 
rack swamp"  drained  with  tile  the  previous  fall.  The 
peat  on  the  tract  was  from  5  to  7  ft.  deep  and  had  car- 
ried a  very  heavy  growth  of  trees,  principally  tamaracks, 
birch,  elm  and  maple.  The  clearing  was  done  between 
April  15  and  June  15  and  it  was  estimated  that  50  cords 
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of  stumps  per  acre  were  removed.  Fig.  1  shows  the 
character  of  the  original  timber  and  the  stumps.  The 
holes  left  by  the  removal  of  the  stumps  and  the  soft 
spots  left  by  the  back  filling  of  the  drains  were  very  con- 
siderable factors  in  all  the  cultural  operations,  more  par- 
ticularly in  the  first  plowing.  It  was  considered  that  the 
job  was  a  fairly  difficult  one,  but  one  that  was  thoroughly 
representative  of  the  actual  conditions  which  would  have 


Fig.      2 — How  a   Tractor   Became  Bogged   at   the   Beginning   of 
the  Plowing  Because  of  Insufficient  Support 

to  be  met  by  the  farmer  in  breaking-up  timbered  peat 
land.  Fig.  2  shows  a  tractor  bogged  at  the  beginning  of 
the  work  and  Fig.  3  a  horse-drawn  implement  and  team 
standing  on  this  identical  spot  after  it  had  been  plowed 
and  rolled.  During  the  progress  of  the  experiment,  the 
water  level  below  the  surface  of  the  peat  was  maintained 
at  about  3  ft.  at  the  lower  end  and  4  ft.  at  the  upper  end. 
The  soil  was  fairly  firm  at  the  upper  end  of  the  tract, 
and  had  a  considerable  amount  of  sod;  at  the  lower  end, 
the  peat  was  very  soft  and  much  torn  and  pitted  by  the 
removal  of  the  stumps. 

G.  R.  B.  Elliott,  who  designed  and  was  in  charge  of 
the  general  project,  utilized  a  ditch  that  already  was  on 
the  property  and  controlled  the  water  at  six  different 
levels,  with  a  1-ft.  difference  between  levels,  the  idea 
being  to  get  accurate  knowledge  of  the  effect  that  the 
water  level  has  on  the  crop.  He  obtained  variations  of 
from  400  to  1000  per  cent  due  to  water  level.  Weir  boxes 
were  installed  in  the  ditch  at  various  places;  flash-board 
boxes  were  used  inside  the  weir  boxes  to  hold  the  water 
up  to  the  desired  levels. 

Plowing  Depth 

A  very  important  consideration  in  the  first  breaking 
of  any  land  is  the  getting  rid  of  trash  and  soft  litter. 
On  peat  land  it  is  also  especially  important  to  plow  suffi- 
ciently deep  to  get  under  the  deep  underground  root- 
stalks  of  marsh  vegetation.  A  very  large  proportion  of 
swamp  plants  are  perennials  that  store  food  for  the 
next  spring's  growth  in  thickened  roots.     For  example, 
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: — A  Horsb-Drawn-  Implement  Standing  on  the  Same  Spot 
Where  the  Tractor  Is  Shown  Bogged  in  Fig.   2 

..ge  conditions   on    peat    swamps    other   than    grass 
-h.     Hence,  plows  were  chosen  that  would  cut  effect- 
to   that   depth;    namely,    plows   with    16   to   20-in. 
These    required    comparatively    heavy    tractor 
equipment.    A  total  of  five  types  of  plow  and  three  types 
of  tractor  were  used. 

One  of  the  facts  that  caused  the  decision  in  favor  of 
deep  plowing  was  that  of  the  second-year-crop  condition 
il.  Clover  planted  in  the  fall  on  an  8-in.  plowing 
after  a  flax  crop  had  attained  a  much  ranker  growth  by 
the  latter  part  of  the  following  May  on  the  soil  that  had 
been  broken  12  in.  deep  the  first  year  than  on  soil  broken 
only  6  in.  deep. 

Type  of  Tractor 

Three    different    types    of    round-wheel    tractor    were 
able.     These  varied  in  design,  weight,  width,  oper- 
ating speed  and  special  equipment. 

Fig.  4  shows  a  tractor  properly  equipped  for  marsh 

ing.     It   has   deep   skid-rings   on   the   front   wheels, 

wide    extensions,    widely    spaced    angle-lugs    and    spade 

teeth  on  the  driving  wheels.     This  does  not  mean  that 
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any  particular  tractor  is  better  for  this  work;  it  means 
only  that  it  has  the  proper  equipment.  Some  of  the 
tractors  failed  solely  because  they  lacked  the  proper 
equipment  for  such  work. 

As  the  type  and  equipment  of  the  tractors  had  as  much 
to  do  with  the  quality  of  work  done  as  did  the  character 
of  plow  drawn,  the  specifications  of  the  tractors  and  their 
equipment  are  given  in  Table  1.  For  convenience,  the 
tractors  are  designated  A,  B  and  C.  The  plows  are  desig- 
nated X  and  Y,  followed  by  M  or  B  to  indicate  whether 
a  marsh  or  a  breaker  bottom  was  being  used;  plow  de- 
tails are  given  in  Table  2. 

Tractor  A  was  available  from  the  beginning,  but  it  was 
felt  beforehand  that  it  would  not  pull  the  plows;  so,  no 
attempt  was  made  to  use  it  on  this  part  of  the  work. 
The  horsepower  indicated  by  the  dynamometer  readings 
made  with  the  heavier  tractors  shows  this  opinion  to 
have  been  correct.  Tractor  A,  however,  was  used  to  help 
Tractor  B  by  hitching  it  on  in  trout  as  described  later. 
The  mode  of  attaching  the  dynamometer  is  shown  in 
Fig.  5. 

Tractor  B  did  not  come  on  the  ground  properly 
•  quipped  in  all  respects,  and  its  use  cannot  be  considered 
a  success.  It  was  as  powerful  as  Tractor  C  and,  with 
similar  wheel  equipment,  undoubtedly  should  have  done 
the  work  just  as  well.  Its  rear  wheels  carry  a  much 
heavier  load  per  square  inch  of  bearing  surface  than  do 
Tractore    I  or  C  and,  while  carrying  the  same  load 
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Fig.  5 — Method  of  Attaching  the  Dynamometer  To  the  Tractor 

per  width  of  face,  its  front  wheels  were  much  smaller  in 
diameter.  The  depth  of  skid  rings  on  the  front  wheels 
was  practically  negligible.  The  material  traveled  over 
was  very  soft  and  slippery ;  consequently,  the  driver  had 
little  control  over  the  direction  of  his  machine  and,  when 
the  front  end  plunged  into  the  soft  back-fill  of  a  ditch  or 
into  the  hole  left  by  the  removal  of  a  stump,  the  tractor 
almost  invariably  mired  and  had  to  be  pulled  out  with 
the  help  of  Tractor  A.  Finally,  Tractor  A  was  kept 
hitched  on  ahead  by  a  chain  about  15  ft.  long. 

Tractor  B  was  first  hitched  to  a  20-in.  XB  plow  and,  at 
the  instance  of  the  factory  operator,  it  was  tried  by  run- 
ning with  the  two  right-hand  wheels  in  the  furrow.  One 
length  of  the  field  was  completed  after  much  difficulty 
and  miring,  but  the  plow  was  not  actually  plowing  at 
any  time.  After  this,  the  drawbar  of  the  tractor  was 
pushed  as  far  as  possible  to  the  right,  while  the  hitch  of 
the  plow  was  thrown  to  the  left.  This  permitted  the 
tractor  to  travel  on  the  sod  or  unplowed  ground,  but  the 
best  furrow  that  could  be  cut  was  about  6  in.  in  depth 
and  there  was  a  heavy  sidedraft  that  tended  to  pull  the 
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Plan 
Lateral  Adjustment  2ft.-6$in. 


Fig.   6 — Drawbar  Adjustment  of  the  XB  Plow 


tractor  into  the  furrow.  As  there  was  nothing  to  pre- 
vent the  front  wheels  from  skidding,  this  slewing  of  the 
tractor  was  serious.  It  is  probable  that  by  using  a 
chain  hitch,  as  was  done  later,  the  side-draft  could  have 
been  eliminated  partially.  Figs.  6  and  7  show,  respect- 
ively, the  drawbar  adjustments  of  the  XB  and  the  YM 
plows. 

The  greatest  trouble  was  experienced  in  turning  at 
the  ends  of  the  field.  The  front  end  of  the  tractor  had 
no  grip  on  the  soft  ground  and,  when  a  wheel  fell  into 
a  hole,  the  force  of  the  tractor  would  drive  it  still  deeper 
into  the  far  side.  In  trying  to  back  the  tractor,  much 
the  same  thing  happened  and  the  rear  wheels  frequently 
mired  by  first  cutting-up  the  sod  with  the  closely  set 
angle-lugs.  Tractor  A  was  then  hitched  on  ahead  to 
help  in  the  steering  and  to  prevent  Tractor  B  from  get- 
ting mired.  This  arrangement  worked  satisfactorily  and 
the  plow  cut  to  a  depth  of  8  to  12  in.  As  these  were  not 
standard  operating  methods  and  as  the  proper  wheel 
equipment  could  not  be  obtained  readily  to  hold-up  Trac- 
tor B,  it  was  decided  to   discontinue   the  work   in   the 
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Fig.  7 — Drawbar  Adjustment  of  the  YM  Plow 

hope  that  a  tractor  could  be  found  with  approxi- 
mately as  much  power  but  with  less  weight  per  inch  of 
width  of  the  wheels,  one  having  the  equipment  necessary 
to  make  it  operate  successfully  and  with  its  drawbar 
designed  so  that  it  would  permit  the  tractor  to  run  on 
the  sod  and  without  undue  side-draft.  We  were  able  to 
get  a  tractor  that  seemed  to  answer  the  requirements, 
the  makers  of  which  were  willing  to  cooperate  in  the 
work  under  way.  This  is  Tractor  C.  Fig.  8  shows  the 
offset  of  the  XB  plow;  that  of  the  YM  plow,  equipped 
with  a  sod  pusher,  is  shown  in  Fig.  9. 

Profiting  by  previous  experience,  we  asked  for  12-in. 
extensions  on  the  rear  wheels,  4-in.  extensions  on  the 
front  wheels,  skid  rings  on  the  front  wheels  3-in.  high, 
angle-iron  lugs  that  would  run  clear  across  the  face  of 
the  rear-wheel  rims,  placed  with  wide  spacing;  and  4-in. 
spade-lugs  in  pairs  between  the  angle  lugs.  With  the 
tractor  used  and  owing  to  the  comparatively  light  weight 
on  the  front  wheels,  it  was  found  that  it  was  not  neces- 
sary to  use  the  4-in.  extensions.  Instead  of  hitching  the 
plow  directly  to  the  drawbar  of  the  tractor,  as  was  the 
case  with  Tractor  B,  the  drawbar  was  moved  to  the  right 
almost  as  far  as  it  would  go  and  the  hitch  of  the  plow 
only  slightly  to  the  left.  Then  a  3-ft.  length  of  chain 
was  used  to  couple  the  plow  to  the  tractor.  This  practi- 
cally eliminated  the  side-draft  on  the  plow.  The  hitch 
was  made  so  that  it  could  be  dropped  quickly  and  the 
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15  ft.    In  ease  of  miring,  the  tractor 
could  run  ahead  to  a  better  footing,  pull  the  plow  through 
-pot  and  then  back  up  to  the  short  hitch.     This 
metr  ry  and  the  work  was  tin 

in  thi-  way. 

Fiv  1  11  are  reproductions  of  the  comparative 

dynamometer  graphs  showing  the  e  pulls  of  the 

20-ir..  XB  plow  and  the  20-in.  YM  plow  equipped  with  a 

sod  push-  12  to  20  are  dynamometer  graphs  also. 

Hows:   Fig.   12,  the  20-in.   YM  plow  without  a  sod 

pus!.-  13,  the   16-in.  XB  plow;   Fig.   14.  the    II 

YB  plow;  Fig.  IS,  the  20-in.  YM  plow  with  sod  pusher; 

Fig.  16,  the  16-in.  YB  plow  without  a  sod  pusher;   Fig. 

By-disc  implement  equipped  with  eight  discs 

•-in.  diameter  each,  cutting  to  a  depth  of  7  in.  in  soft 

•  '0-lb.  concrete  roller;   Fig.   19,  the 

Martin  ditcher;  and  Fig.  20,  the  20-in.  YM  plow  with  a 

rolling  coulter  cutting  a  9   x  22-in.   furrow    at    variable 

speeds  in  uniform  sodded  peat. 

the  plow  when  cutting  a  full  size  12  x  20-in. 

•  ;  a  drawbar  pull  in  excess  of  2000  lb., 
it  was  thought  that  running  in  low  gear  might  prevent 
miring.  Several  attempts  were  made  to  do  this,  but 
interesting  fact  developed  that  the  tractor  mired  far 
se  when  running  in  low  gear  than  in  high.  It  would 
that  the  momentum  of  the  higher  speed  or  the  short 
time  the  machinery  rested  on  the  soft  footing  perm 

the   -oft   spots.     The  widely   spaced 

angle-lugs  and  loi  lugs  gave  a  much  better  grip 

on  the  sod  without  cutting  it  up.  than  did  the  angle-lugs 

that  i  did   nearly  all 

II     It  was  found  that  after  the  ground  was 

harrowed  and   rolled.  Tractor  A    would   handle  the  drag 

harrow,  the  log  drag,  the  Martin  ditcher  or  any  of  the 

lighter  machinery;  but  it  would  not  pull  the  heavy  roller 

implement  loaded  to  cut  to  a  ^ufti- 

.!h. 

Plowing  Detah 

In  n  with  the  plow  details  presented  in  Table 

2.  the  first  trial   was  made  with  a  20-in.   XB   standard 
m  plow  equipped  with  a  standing  coulter. 
>•  plow  that  was  used  with  Tractol    /•' 
in  tr  ■  plowing,  using  a  rigid  hitch.     In  the  u 

how  -,airi  hitch  was   used   and  only  one  tra 

•   all  variables  such  as  the  speed  and  the 
differ-  the  hitch. 

I,  which  show-  the  power  consump- 
tion of  the  plows  while  working  in  timbered  peat,  when 
cutting  an  8  x  20-in.  furrow,  the  20-in.  XB  plow  developed 
a  drawbar  pull  of  1860  lb.  in  the  tests.  At  a  10-in.  depth, 
the  drawbar  pull  increased  to  1600  lb.  for  a  20-in.  fur- 
ifl  lb.  for  a  22-in.  furrow.     At  a  12-in.  depth, 


the  drawbar  pull  was   1S00  lb.  for  a  22-in.  furrow. 

The    16-in.    XB    plow    had    a    standard    brush-breaker 

m.     It   was  tested  at   8  in.  of  depth  in  firm  peat  and 

developed  a  1060-lb.  drawbar  pull;  at   10  in.  of  depth  it 

developed  a  1350-lb.  drawbar  pull.     In  soft  peat,  with  a 

cut   10  in.  deep,  the  drawbar  pull  required  was  1200  lb. 

The   furrow    was    16   ill.   wide  throughout. 

The  next  plow  used  was  a  20-in.  YM  marsh  plow  equip- 
ped with  a  furrow  or  sod  pusher  and  a  24-in.  rolling  coul- 
ter. The  center  of  the  coulter  was  set  :'.  in.  back  from  the 
point  of  the  plowshare,  and  the  cutting  edge  lacked  -I  in. 
net  rating  as  deeply.  There  was  no  adjustment  that 
permitted  a  deeper  or  more  forward  setting.  In  use,  soft 
loots  were  passed  under  the  coulter  in  great  quantity 
and  clogged  the  throat  after  only  a  few  feet  of  advance, 
as  shown  in  Fig.  21.  The  rolling  coulter  was  then  re- 
placed by  a  standing  coulter.  All  later  work  on  the 
timbered  peat  was  done  witli  this  type  of  coulter.  It  is 
doubtful  if  the  rolling  coulter  would  have  been  success- 
ful in  this  type  of  ground,  even  had  adjustments  been 
possible.  The  plowing  efficiency  and  power  consumption 
of  the  20-in.  marsh  plow  at  various  speeds  are  shown 
in  Fig.  22. 

The  sod  or  furrow  pusher  shown  on  the  plowshare  of 
the  Type  M  plow  in  Fig.  23  is  not,  as  may  be  supposed  at 
first,  merely  a  moldboard  extension.  It  is  a  curved  steel 
piece  attached  inside  of  the  moldboard  near  the  point 
of  the  plow  and  extending  backward  below  and  behind 
the  moldboard  on  a  level  with  the  bottom  of  the  furrow. 
It  is  cross-braced  at  the  back  against  an  enlarged  and 
--1  lengthened  landside.  It  was  developed  largely  in  co- 
operation with  the  Agricultural  Engineering  Department 
'•  University  of  Wisconsin,  solely  as  an  aid  in  marsh 
plowing.  Its  purpose  is  to  push  the  freshly  turned  fur- 
row still  farther  to  the  right,  so  that  the  next  succeeding 
furrow  will  fall  absolutely  Hat  and  then  be  pushed  tight 
up  against  its  fellow,  completely  covering  the  grass  and 
other  litter  as  illustrated  by  the  finished  plowing  shown 
in   Fig.  24. 

The  first  trial  with  the  plow  was  made  with  a  rigid 
hitch,  but  this  method  had  to  be  abandoned;  when  the 
driving  wheels  of  the  tractor  dropped  into  a  depression, 
the  beam  of  the  plow  was  carried  down  with  them,  thus 
burying  the  plow  bottom  and  increasing  the  draft  so  that 
the  tractor  destroyed  its  footing  and  the  whole  outfit  be- 
came mired.  In  the  trial  with  this  equipment,  the  sod 
i  ut  was  very  uniform  in  size  and  the  lay  of  the  furrow 
very  perfect.  Cutting  a  12  x  24-in.  furrow  required 
a  pull  in  soft  peat  of  about  IGoO  lb.,  and  in  the  dense 
■  d   peat    an  average  of   I960  lb. 
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The  same  plow  was  then  tried  without  the  furrow 
pusher.  The  pull  was  an  average  of  1650  lb.  both  on  the 
soft  and  on  the  firm  peat.  Comparing  the  pull  of  the 
plow  with  and  without  the  furrow  pusher  shows  no  in- 
crease in  the  soft  peat,  and  a  300-lb.  increase  where  a 
solid  furrow-slice  has  to  be  pushed  to  one  side.  The 
increase  in  the  power  required  was  more  than  compen- 
sated for  by  the  very  greatly  improved  quality  of  the 
work  done.  During  this  trial,  the  drawbar  of  the  plow 
was  also  shifted  to  give  a  direct  draft.  The  pull  required 
dropped  150  lb.,  but  the  tractor  could  only  be  held  on 
the  sod  with   difficulty. 

In  all  the  trials  with  the  20-in.  YM  plow,  it  was  noted 
that  soil  packed  in  the  center  of  the  curve  of  the  mold- 
board,  particularly  toward  the  front.  Apparently  this 
packing  of  the  soil  was  due  to  a  sharper  curvature  of  the 
moldboard  of  this  plow  than  of  the  others,  for  the  other 
plows  did  not  clog  in  the  same  way  and  no  change  in  the 
hitch  or  the  adjustment  of  this  plow  made  it  scour 
through  the  center  except  where  the  sod  was  more  than 
usually  firm  and  dense.  Again  referring  to  Table  3, 
the  16-in.  YB  plow  was  a  standard  brush-breaker  bottom 
applied  to  the  same  frame  and  wheels  as  those  of  the 
20-in.  YM  plow.  At  18  in.  of  furrow  width  and  12  in.  of 
depth,  the  drawbar  pull  was  an  average  of  1250  lb.,  at 
20  in.  of  width  and  a  similar  depth,  the  pull  averaged 
1350  lb. 

Other  Machinery 

A  very  valuable  implement  for  peat  cultivation  is  the 
heavy  roller  for  packing  the  seed  bed.  The  one  used 
was  home  made  and  is  illustrated  in  Fig.  25;  the  roller 
was  of  steel  filled  with  concrete  and  had  a  steel  frame 
with  a  diameter  of  3  ft.,  a  length  of  4  ft.  and  a  total 
weight  of  3500  lb.  When  moving  the  pull  developed  was 
an  average  of  950  lb. ;  however,  when  the  roller  stopped, 
it  settled  into  the  peat  and,  in  each  case,  a  pull  of  2300 
lb.  was  required  to  start  it. 

The  cutaway-disc  implement  proved  itself  very  valu- 
able in  breaking-up  the  seed  bed.  It  was  of  the  standard 
5-ft.  width  and  had  eight  20-in.  discs.  It  had  to  be 
loaded  with  about  200  lb.  to  make  it  cut  7  in.  into  the 
ground.  The  pull  developed  was  1050  lb.,  and  a  1500-lb. 
pull  was  required  to  start  the  load.  This  machine,  even 
when  loaded  to  make  it  cut  deeply,  would  not  do  good 
work  with   one  passage   over  sod   land.     Wherever  the 


TABLE    3 — POWER    CONSUMPTION    OF    PLOWS    IN    TIMBERED 
PEAT 


Tvpe  of 
Plow 

Tvpe  of 
Soil 

Size 

of 
Fur- 
row, 

In. 

Cross- 
Sec- 
tion, 

Sq.  In. 

Draw- 
bar 
Pull. 
Lb. 

Draw- 
bar 
PuU, 
Lb. per 
Sq.  In. 

Speed. 
Ft. 
per 
Min. 

Draw- 
bar 
Hp. 

XB, 
20-in. 

< 

20x8 

20x10 

22x10 

160 
200 
220 

1,350 
1,500 
1,800 

8.4 
7.5 
8.2 

242 
242 
242 

9.92 
11.03 

1 

13.23 

YM,  20-in. 

with  Sod 

Pusher 

In  Soft  Peat 
In  Sod 

24x12 
24x12 

28S 
288 

1,650 
1,950 

5.7 
6.8 

242 
242 

12.13 
14.34 

YM,  20-in., 

Without 
Sod  Pusher 

In    Sod    and 

Soft  Peat.  . 

On  Direct  Pull 

24x12 
24x12 

288 

2ns 

1,650 
1.500 

5.7 
5.2 

242 
242 

12.13 
11.03 

YB, 
16-in. 

f 

18x12 
20x12 

216 
240 

1,250 
1.350 

5.8 
5.6 

242 
242 

9.19 

\ 

9.92 

XB, 

16-in. 

In  Firm  Peat  I 

16xS 
16x10 

128 
160 

1.050 
1.350 

8.2 
8.4 

242 
242 

7.72 
9  92 

In  Soft  Peat. 

16x10 

160 

1.200 

7.  5 

242 

8.82 

Cutaway  Di 

60x7 

420 

1.050 

2.5 

242 

7.72 

Roller 

950 

242 

6  98 

Maximum  P 

2,400 

242 

17.64 
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g,  tlu-  soil  was  not  cut  off  in 
r  with  the  roots  still  hang- 
re  required  to  do  only  fairly  decent 
•  m  the  turned  sod  or  where  there  was 
ellent  results.    All  of 
-  machinery  used   in  cultivation   was  compara- 
light  and  could  be  drawn  readily  with  horses  or 
a  light  trai- 

t^>ts  on  Tut  Open  Habsb 

obtain  a  comparison  between  the  power  required  on 
timbered  peat  and  that  required  on  grass  marsh,  a  level 
trac-  bosen    on   which    the   vegetation    was   small 


TABLE    4 — POWER  CONSUMPTION    OF    A    20-1N., 
AT  VARYING  SPEEDS 

YM  i'i."\N 

■  <<1  in  GrasB- 

■ 

Drawl  >:ir 
Pull 

POWIT 

Consumed, 

:*r 
Mm. 

M  PH. 

Total, 

Lb.  per 

-       In. 

11,, 

192 

2.19 
J  78 

950 

'.Ml 

1,000 
1  ,050 

4.79 

5.66 
6  68 

16  61 

sedg-  and  grass.     It  was  typical  of  the  thinnest  sodded 

peats   in   their  natural  condition.     The  plow   used   was 

the  -  '•/  plow  with  a  rolling  coulter  and  without 

a  furrow  j.u.-her;  it  is  shown  in  Fig.  26.    In  Fig.  27,  the 

:  a  furrow  of  9  x  22  in.  cross-section, 

•  irrow  pusher.    A  direct  pull  was  used.     On  the 

.    peat,   this   plow-   had  given   a   drawbar  pull   of 

iq.  in.  of  cross-section  of  the  furrow 

me  speed  and  cutting  a  9  x  22-in. 

furr  the  drawbar  pull  in  the  thin-sodded  open- 

.  per  sq.  in.  of  the  cross-section  of  the 

furr  and  the  power  expended  was  6.68  hp.    This 

_'  To  pet  cent  in  favor  of  the  thin- 

Bodr:  the  rolling  coulter.     The  rolling  coulter 

ct  success   on   this  ground   be 

:<  or  heavy  roots. 


The  tractor  was  then  operated  at    varying  speeds  to 
OUt    its   plowing  efficiency.      In   all,    four  speeds   were 

used  of  approximately  2.20,  12. To.  3.75  ami  6.00  m.p.h. 
It  was  found  that  the  efficiency  of  the  plow  decreased 
with  the  slower  Bpeed  and  also  with  the  higher,  although, 
hi  the  latter  case,  the  greater  drawbar  pull  must  be  off- 
set  against  the  greater  acreage  plowed  per  day.  Table  4 
shows  the  power  consumption  of  the  20-in.  YM  plow 
at  ranging  speeds  when  cutting  a  9  \  22-in.  cross-section 
in  grass-covered  peat.  Fig.  28  illustrates  the  completed 
work. 

In  conclusion,  several  important  factors  were  brought 
out  by  the  trials.  What  can  be  called  the  fundamental 
consideration  upon  which  all  the  others  are  built-up  is 
the  better  quality  of  work  done  by  the  heavier  plows, 
This  was  confirmed  later  by  the  lessened  weed  growth 
on  the  deep  plowing.  During  the  summer,  nettles  were 
plentiful  on  the  shallow  plowing  but  not  on  the  rest  of 
the  field.  The  manner  in  which  the  land  was  cultivated 
later  did  not  permit  tests  for  crop  yield  on  the  various 
depths.  It  is  not  assumed  that  deep  plowing  on  new 
peat  will  help  the  crop  yield  the  first  year;  the  reverse 
is  probably  true.  There  is  no  question,  however,  that 
it  gets  rid  of  the  old  growth  and  puts  the  land  in  better 
condition  forever  after.  Throughout  the  whole  test,  the 
larger  plows  did  better  work  than  the  small  ones  and 
gave  a  more  complete  turning  of  the  furrow. 

The  rolling  coulter  as  it  was  equipped  was  certainly 
not  a  success  on  the  timbered  peat,  and  it  does  not  ap- 
pear how  it  can  be  made  a  success  on  peat  containing 
roots  too  heavy  to  cut  or  so  soft  that  they  will  bend 
easily.  To  be  got  rid  of,  these  roots  must  actually  be 
torn  out  of  the  ground.  On  open  marsh  sodded  with 
shallow  rooting,  small  sedges  and  blue-joint  grass,  the 
24-in.  rolling  coulter  was  a  success,  and  possibly  a  smaller 
plow  would  also  be  satisfactory.  In  marsh  containing 
reeds  and  the  larger  sedges,  it  probably  would  be  neces- 
to  have  the  coulter  sufficiently  large  to  penetrate 
below  and  forward  of  the  point  of  the  plow,  in  this 
manner  either  cutting  off  fibrous  roots  or  carrying  them 
into  the  bottom  of  the  furrow. 

The  furrow  pusher  was  a  distinct  success.  It  did  nol 
add  as  much  to  the  draft  of  the  plow  as  was  expected; 
it  pusherl  the  newly  turned  furrow  out  of  the  way  and 
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permitted  the  more  complete  turning  of  the  sod  and  the 
elimination  of  top  litter.  , 

Power  Required 

An  analysis  of  the  power  consumption  developed 
several  interesting  facts.  On  the  larger  plows,  the  draw- 
bar pull  was  almost  constantly  near  or  above  10  hp., 
with  a  reserve  up  to  17  hp.  that  was  drawn  upon  at 
times.  For  the  smaller  plows,  the  power  consumption 
was  above  8  hp.,  with  a  reserve  up  to  15  hp.  that  was 
called  upon  at  times.  From  this  it  would  appear  that, 
for  marsh  breaking,  a  tractor  is  necessary  that  is  cap- 
able of  developing  not  less  than  12  hp.  as  a  working 
drawbar  power,  with  a  reserve  above  that.  This  power 
and  a  power-reserve  is  not  necessary  for  later  plowing. 

Special  Wheel  Equipment 

Ample  support  to  the  tractor  proved  to  be  just  as  im- 
portant as  power.     Tractor  B  failed  rather  signally,  not 
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Fig.   15 — Another  Record   of  the  Pull  of  the   20-In\   YM  Plow 
Equipped  with  a  Sod  Pusher 

from  any  inherent  defect  in  the  design  of  the  tractor 
itself  or  from  a  lack  of  power,  but  because  the  special 
wheel  equipment  that  would  enable  it  to  do  its  work  was 
not  available.  It  was  like  a  strong  swimmer  thrown  into 
the  water  and  told  to  swim  with  stones  tied  to  his  head 
and  to  his  feet.  It  was  capable  of  developing  only  about 
a  1600-lb.  drawbar  pull  without  miring,  though  it  was 
able  to  do  much  more  on  hard  ground.  It  not  only  mired 
its  front  wheels  but,  when  the  plow  stuck,  the  closely 
spaced  angle-irons  on  the  driving  wheels  cut  the  sod, 
which  was  then  thrown  backward,  leaving  the  tractor 
mired.  Tractor  C  had  a  much  larger  supporting  area, 
carrying  less  weight.  The  angle-lugs  were  spaced  twice 
as  far  apart  as  on  Tractor  B.  It  tore  out  its  footing 
and  mired  uniformly  when  exerting  a  pull  of  2400  lb. 
This  gave  it  50  per  cent  more  power  in  an  emergency 
than  Tractor  B,  though  Tractor  C  was  of  lower  rating. 
The  spade  teeth  served  a  very  useful  purpose  in  catching 
and  holding  on  submerged  roots  or  timber  in  pulling  out 
of  a  hole.  The  heavy  skid-rings  gave  the  driver  control 
of  his  machine  on  soft  ground. 

This  special  equipment  is  not  in  any  degree  complicated 
or  expensive.  It  easily  can  be  made  standard,  to  be 
attached  to  the  tractor  by  the  operator  for  soft-ground 
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Fig.      16 — Dynamometer   Record  of  the   Pull  of  the   16-In.    YB 
Plow  without  a  Sod  Pusher 

conditions.  There  are  many  tractors  now  owned  through- 
out the  country  that  cannot  be  operated  profitably  in 
the  early  spring  or  in  wet  weather.  This  is  especially 
true  in  the  working  of  peat  land.  Yet  peat  land  can  be 
cultivated,  even  at  its  wettest,  without  injury  to  the 
seed  bed.  It  can  be  plowed  in  the  spring  and  seeded, 
while  the  clay  upland  is  still  too  soft.  This  is  an  ex- 
tremely important  factor  in  financing  farming  operations 
as  well  as  in  general  farm  efficiency.  It  seems  logical 
that  the  wider  wheel  equipment  be  made  standard  for 
the  wetter  and  softer  districts  and  furnished  upon  the 
advice  of  the  tractor  dealer.  It  is  also  probable  that, 
in  many  cases  where  tractors  are  now  unprofitable  on 
soft  lands,  an  expenditure  of  $100  would  change  an 
unprofitable   into   a   profitable   investment. 

Total  Power  Consumed 

In  calculating  the  power  consumed  per  unit  of  cross- 
sectional  area,  the  16-in.  plows  give  almost  the  same 
results  as  the  20-in.  plows  of  the  same  make.  This  is 
not  what  was  expected,  as  it  was  thought  that  the  vertical 
cut  would  offer  a  higher  proportional  resistance  than 
the  bottom  cut.     Apparently,  this  was  not  the  case,  for 


Z70  o     \ 


Fig.   1" — The  Record  Made  bt  the  Dynamometer 

of   the  Pull   of   the   Cutaway    Disc    Implement 

Equipped  with  Eight  Discs  When  Cutting  to  a 

Depth  of  7  In.  in  Soft  Peat 

the  20-in.  plow  gave  no  greater  efficiency  than  the  16-in. 
plow  of  the  same  make. 

There  was  an  apparent  advantage  in  efficiency  in  one 
make  over  the  other.  This  is  not  thought  to  be  due 
to  any  difference  in  the  design  of  the  plow  bottoms 
themselves.  In  the  case  of  the  XB  plow,  however,  the 
angle  between   the   drawbar  and  the   plow   itself  when 


FlG      14 — The  Pull  of  the  16-In.  YB  Plow  Is  Shown  in  This  Reproduction  of  a  Dynamometer  Record 
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in.,  while  that  of  the  YM  ami 
in  deg.  38  min.     Of  the 
plows,    the    horizontal 
lei    to    the    line   of    draft    wire,    res 

sq.  in.  of  cro  □  of 

figures  <   impare  favorably  with 
loped  on  the   YM   pi  ating  on   this 

sodded  peat  with  I    pull,  but   bring  out  the  $ 

!hr"uvh  friction  and  otherwise  due  to  tin' 
ft  of  the  offset  hitch. 
Tb  .1    proposition    wa  ilished    that     for 

ordinary    pea-  ng.    the    horsepower    required    can 

be  figured  readily  and  with  fair  accuracy  on  the  basis 
of  a  5-lb.  pull  i>er  so,,  in.  of  the  furrow  slice.     Multiply 
•;>eed  it  is  proposed  to  travel  and  then  cal- 
culate the  horsepower  in  the  ordinary  way. 

From  the  standpoint  of  mere  efficiency  in  turning  soil. 
the  implement  loaded  to  cut  7  in.  was  far 

of  the  plows.     In  fact,  its  power  consump- 
tion per  unit  of  cross-sectional  area  turned  was  less  than 
one-half   of   that   of   the   plows.      Its    use.   therefore,    is 
r>e    recommended    under    conditions    where 
acticable.     It   cannot   be   recommended   for 
.kintf  instead  of  using  plows,   since   it   required 
about  fi\-  -implement  to  give  results 
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equi  plowing.    The  results 

to    indicate   that    the   disc-implement   may  mely 

dl  later  cultivation. 
Tb<  •    remark-  Not  only  did 

ad  so  form  a  better  root  bed  but,  after 
the  uround  has  been  plowed,  harrowed  and   rolled, 
part  which  was  original!]  •   and  full  of  I 


that  it  was  difficult  to  gel  the  tractors  through  became 
sufficiently  firm  to  support  horses  for  all  later  cultivation. 

THE  lwsri  ssihn 
a    F.  Motor:     On  what  basis  is  the  calculation  made 

for    power   consumed    per    unit    of    cross-sectional    area'.' 
Is  it  calculated  on  the  width  of  the  drive  wheels  and  the 
amount  of  weight  distributed  on  the  drive  wheels? 
J.   L.   LARSON  : — If  we   were   to   calculate    the   area   ami 

Dumber  of  pounds  per  square  inch  on  the  drive  wheels 
according  to  the  depth  they  sank,  the  result  would  be 
about  21..  lli.  per  sq.  in.  for  Tractor  ('  in  sinking  2  in. 
into  the  ground.     A   1400-lb.  horse  will  exert  a  ground 
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Soi  i-    Roots    That    passed   under   tub 
Rollini  '  i    am'   Piled  it  in  Front  <>f  the  Plow 


pressure  of  about  15  lb.  per  sq.  in.,  that  of  a  man  being 
about  6  lb.  per  sq.  in.  Tractor  (',  weighing  5000  lb.  at 
a  rough  estimate,  would  exert  a  ground  pressure  of  about 
75  lb.  per  sq.  in.  The  sinking  into  the  ground  would 
amount  to  2'^   lb.  per  sq.  in. 

G.  R.  B.  Elliott: — An  interesting  point  brought  out 
is  in  regard  to  the  drawbar  pull  per  square  inch  of  cross- 
on  of  the  furrow  slice.  When  the  furrow  slice  is  too 
large  or  too  small,  the  drawbar  pull  per  square  inch  in- 
creases even  though  a  decrease  in  the  size  of  furrow  slice 
may  cause  a  decrease  in  the  total  draw-bar  horsepower. 

'.korge  Sykes: — Would  it  not  be  better  to  increase 
the  size  of  the  roller? 

Mr.  Larson: — The  concrete  roller  weighs  about  :?500 
lb.  and  is  very  necessary  on  peat  land.  It  is  a  question 
whether  it  would  be  practicable  to  increase  that  weight 
to  any  extent!  We  want  to  carry  all  the  weight  we  can 
and  yet  have  no  slippage. 

Mb.  MOTOR : — Would  that  not  depend  on  how  the 
weight   is  distributed  over  tin-  tractor? 

Mr.  LARSON:-  We  found  that  to  be  a  very  important 
m]i  ration.  Many  things  must  be  taken  into  consider- 
ation when  designing  a  tractor  for  soft  land,  and  it  is 
a  proposition  as  it  would  seem  to  be. 
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2.  i  4  5  6" 

Speed, m. ph. 

Fig.   22 — Chart  of  the  Plowing  Efficiency  and  the  Power  Con- 
sumed BY  the    20-In.    Marsh    Plow    When    Working    in    Peat  at 
Various  Speeds 

Mr.  Moyer: — Have  you  in  your  observations,  not 
necessarily  in  your  measurements,  observed  the  effect  of 
the  wheel  diameter? 

Mr.  Larson  : — We  found  the  larger  wheel-diameter 
much  better  than  the  narrow  or  small  wheel. 

Mr.  Sykes: — Why  is  the  roller  made  so  small  in  diam- 
eter? 

Mr.  Larson  : — The  main  reason  is  that  we  used  the 
only  available  steel  casing  we  had. 

Mr.  Elliott  : — We  wanted  to  get  as  near  as  possible 
to  a  weight  of  1000  lb.  per  linear  ft.  of  width  of  the 
roller. 

Mr.  Moyer: — Is  that  at  only  one  speed? 

Mr.  Larson: — That  was  taken  at  2'U  m.p.h. 

Mr.  Sykes: — Would  it  not  be  of  advantage  to  have  a 
larger  diameter  for  the  roller? 

Mr.  Larson  : — Not  necessarily.  We  want  to  keep  the 
weight  down  and  still  pack  the  ground  sufficiently  hard. 
We  think  the  roller  we  used  does  this. 

Mr.  Moyer: — How  do  you  express  plowing  efficiency? 

Mr.  Larson  : — By  the  number  of  pounds  required  per 
square  inch  of  furrow  slice. 

W.  G.  Clark: — Was  this  work  purely  experimental? 

Mr.  Larson  : — Yes. 

Mr.  Clark  : — Have  you  any  basis  for  stating  the  cost 
of  doing  this  work? 

Mr.  Larson  : — Not  yet,  but  we  did  much  more  work  on 
this  plot  of  ground  than  we  think  would  be  necessary  for 


the  farmer.  I  doubt  if  the  farmer  can  afford  the  ex- 
pense. Most  of  it  would  be  done  by  the  farmer  at  the 
time  of  the  first  breaking.  However,  it  is  absolutely 
necessary  that  he  does  some  of  the  things  we  did. 

Mr.  Clark  : — It  would  need  to  be  cheap  land. 

Mr.  Larson: — The  land  needs  to  be  cheap  and  it  is 
cheap.  Within  the  next  5  years  it  will  be  surprising 
how  much  of  this  land  is  plowed  up.  It  raises  a  very 
good  crop ;  in  fact,  our  best  seed  potatoes  come  from  peat 
land. 

Mr.  Clark  : — What  other  crops  are  particularly 
adapted  to  peat  land?    Will  the  crop  pay  the  expense? 

Mr.  Elliott: — About  two-thirds  to  three-quarters  of 
the  ordinary  farm  produce  will  do  better  on  peat  land 
properly  cultivated  than  on  up-land ;  the  remainder  will 
not  do  so  well.  Corn,  potatoes  and  rye  do  especially 
well,  but  wheat  will  not  do  anything.  Oats  in  this  part 
of  the  Country  will  produce  nearly  twice  as  much.  Nearly 
all  grasses  and  clover  for  hay  do  excellently  well.  Most 
truck  and  garden  crops  do  especially  well.  Onions 
should  range  from  500  to  600  bu.  per  acre  and  I  know 
of  one  crop  of  more  than  1100  bu.  to  the  acre.  Carrots 
returned  us  600  bu.  to  the  acre.  Both  of  these  were 
grown  where  the  water  was  held  6  ft.  below  the  surface. 
Sugar  beets  gave  20  tons  to  the  acre,  yielding  17.8  per 


Fig.  23 — The  Marsh  or  M  Type  of  Plowshare  Equipped  with  a 
Furrow  Pusher 


Fig.  24 — How  the  Furrow  Pusher  Operates  To  Push  the  Freshly 

Turned  Furrow   to  the  Right   So  that  the  Succeeding   Furrow 

Will    Fall    Flat    and    Be    Pushed    Tightly    Against    It,    Thus 

Covering  the  Grass  and  Other  Litter  Completely 

cent  of  sugar.  Where  the  water  is  held  near  the  sur- 
face, root  vegetables  are  apt  to  "finger"  badly. 

A.  H.  Bates: — You  mentioned  an  18-deg.  angle  of 
hitch. 

Mr.  Larson  : — One  is  18  deg.  and  the  other  is  10  deg. 
The  18-deg.-angle  hitch  is  on  the  XB  plow  and  the  10- 
deg. -angle  hitch  is  on  the  YM  plow.  With  this  angle  of 
side-draft,  it  gave  approximately  150  lb.  more  pull  than 
on  a  straight  draft. 

Mr.  Moyer: — What  effect  is  caused  by  the  plow  hav- 
ing side-draft? 

Mr.  Larson  : — We  did  not  have  the  opportunity  to 
measure  it  on  the  tractor,  but  it  had  its  effect. 

Mr.  Moyer: — Was  it  less  marked  on  the  tractor? 

Mr.  Larson: — I  think  it  would  be.  Of  course,  the 
tractors  had  sufficient  excess  power.  Side-draft  did  cause 
hard  steering  at  all  times,  but  it  was  less  serious  with 
Tractor  C  than  with  the  others,  due  to  its  extreme  nar- 
rowness. 

Mr.  Sykes  : — At  what  speed  do  you  obtain  the  most 
efficient  work? 

Mr.  Larson: — At  a  plowing  speed  of  about  2:;4  m.p.h. 
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Mr.  Mover: — Do  you  disregard  the  number  of  acres 
;  er  day? 

Mr.  LABSON:— Yes,  so  far  as  present  calculations  have 
gone. 

Ml  —At  a  plowing  speed  of  1%  m.p.h.  would 

juipment  sink  in  the  bog? 

Mr.  LABSON  : — Yes.  the  possibility  of  miring  is  doubled 
by  running  at  slow  speed;  we  can  plow  better  and  plow 
more  ground  at  the  23| -m.p.h.  speed. 

Mr.  Mover: — Have  others  had  a  similar  experience 
on  other  types  of  land?  In  field  experiments,  1  observed 
that  the  resistance  will  usually  increase  a~  the  speed  in- 

Mr.  LABSON : — The  surface  of  a  bog  is  like  rubber  or 
tar,  the  faster  the  equipment  moves  over  it,  the  less  im- 
:on  it  ma 
Mr.  Mover: — Time  ment  in  depression  and  I 


Mk.  Sykes:     1>o  you  think  the  equipment  Buitable  for 
rice  fields  will  be  suitable  for  peat  land? 

Mb,  Larson:— No,  but  Borne  of  the  same  principles 

that  apply  to  rice  land  apply  to  peat  tillage.  We  want 
to  avoid  turning-up  the  ground  very  much,  but  still  get 
well  into  the  soil,  for  the  purpose  of  obtaining  traction. 
Mk.  Moyeb:— Information  of  this  kind  obtained  under 
actual  operating  conditions  is  always  valuable,  enabling 
engineers  to  analyze  their  problems  to  much  better  ad- 
vantage, but  in  considering  certain  data  that  Mr.  Larson 
has  presented  graphically,  a  question  arises  as  to  the 
proper  expressions  and  definitions  for  the  quantities  In- 
volved. Although  1  am  not  familiar  with  the  usage  of 
agricultural  engineers,  the  expression  "plowing  effi- 
y"  seems  to  be  open  to  at  least  an  academic  criti- 
cism as  to  the  meaning  that  lias  been  given  to  it.  "Effi- 
ciency" in  engineering  mechanics  is  always  defined  as 


1  f  H  L         Of 

Flo.  27 — Rear  View  of  the  YM  Plow  Equipped  with  .Son  Pusher 
That  Was  Illustrated  in  Fio.  9  Turning  a  9  x  22-In.  Furrow 
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the  output  divided  by  the  input  and  usually  involves 
quantities  of  energy  expended  and  work  accomplished. 
Its  denomination  is  usually  in  percentage,  but  it  is  ex- 
pressed in  square  inches  per  pound  in  the  relation  be- 
tween the  furrow  section  and  the  drawbar  pull  that  Mr. 
Larson  has  plotted  as  "plowing  efficiency. "  Would  it  not 
be  better  to  invert  this  quantity  and  call  it  "specific 
draft,"  "unit  draft"  or  some  such  more  accurate  name 
expressed  in  pounds  of  draft  per  square  inch  of  furrow 
section?  It  is  certainly  an  important  quantity  to  con- 
sider in  studying  the  draft  of  plows  and  should  be  given 
a  name  that  i    accurately  descriptive. 
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Mr.  Larson  has  used  the  qualifying  words  that  this 
quantity  denotes  plowing  efficiency  "without  considering 
the  number  of  acres  plowed  per  day."  which  raises  the 
question:  What  would  be  the  plowing  efficiency  if  one 
does  consider  the  number  of  acres  plowed  per  day?  And 
not  only  should  we  consider  the  number  of  acres  per  day. 
but  the  depth  of  plowing  as  well.  Returning  to  the 
definition  of  efficiency,  it  seems  that  we  might  include  all 
of  these  considerations  by  calculating  some  such  quantity 
as  cubic  feet  of  furrow  turned  per  drawbar  horsepower 
per  hour.  This  would  be  a  true  measure  of  plowing  effi- 
ciency and  is  very  nearly  in  proportion  to  plowing  cost 
when  depth  is  considered  and  human  labor  per  horse- 
power is  fixed. 

If  the  data  shown  in  Mr.  Larson's  curve  of  "plowing 


efficiency"  or,  preferably,  "specific  draft"  were  recalcu- 
lated according  to  the  above  proposed  definition  of  plow- 
ing efficiency,  there  would  no  longer  be  a  "peak"  in  the 
revised  graph  at  2 ':t  m.p.h.,  but  only  a  slight  flattening 
of  the  curve  as  the  speed  is  increased,  showing  that  the 
gain  in  efficiency  is  less  rapid  beyond  that  speed;  but  a 
gain  is  nevertheless  available  up  to  speeds  much  higher 
than  those  commonly  used.  Since  it  is  evident  that  this 
difference  in  viewpoint  will  show  a  rising  efficiency  with 
an  increased  speed  in  certain  ranges  where  a  falling  effi- 
ciency has  been  shown,  it  is  important  to  be  specific  in 
our  definitions.  It  would  be  extremely  interesting  if 
Mr.  Larson  would  reply  to  this  discussion  and,  if  he  sees 
fit.  prepare  a  curve  of  plowing  efficiency  as  above  de- 
fined, referred  to  speed. 


EXPORTS  AND  IMPORTS 


VT  has  been  known  to  students  of  the  subjects  for  a  good 
1  many  months  past  that  far-reaching  changes  of  propor- 
tions and  relations  were  in  progress  in  the  commercial  (and 
financial)  interchanges  of  the  United  States  with  the  rest  of 
the  world.  It  had  become  clear  before  the  fiscal  year  1922- 
1923  had  far  advanced  that  important  shifts  of  emphasis 
were  occurring  on  both  the  import  and  the  export  side  of 
the  account.  The  most  impressive  of  these,  of  course,  was 
the  remarkable  growth  of  the  value  of  the  imports  in  pro- 
portion to  the  value  of  the  exports,  particularly  when  the 
large  net  balance  of  imports  over  exports  of  gold  and  silver 
was  taken  into  the  reckoning.  Indeed,  the  fiscal  year  had 
run  scarcely  half  its  course  before  it  began  to  appear  pos- 
sible that  for  the  first  time  in  nearly  three-quarters  of  a 
century  we  should  in  1922-1923  as  a  whole  have  an  excess  of 
imports  rather  than  exports  in  our  total  visible  interchanges 
with  other  nations.  Particularly  striking  though  this  great 
change  was,  however,  it  was  by  no  means  the  only  shift  of 
economic  significance  that  began  to  reveal  itself  in  our  im- 
port and  export  figures  soon  after  the  last  fiscal  year  began. 
It  was  early  observable  that  the  values  of  our  imports  of 
crude  materials  for  use  in  manufacturing  and  of  manufac- 
tures for  further  use  in  manufacturing  were  swelling  very 
rapidly,  while  the  value  of  our  imports  of  manufactures  ready 
ior  consumption  was  not  increasing  at  anything  like  the 
rate  that  had  been  predicted  by  many  protectionists  or  that 
might  naturally  have  been  expected  in  view  of  the  extensive 
rise  of  the  price  level  in  the  United  States.  On  the  other 
hand,  the  export  figures,  when  analyzed  showed  a  progres- 
sive increase  in  the  proportion  borne  by  the  value  of  the 
exports  of  products  of  manufacture  to  the  total  value  of 
the  exports,  accompanied  by  a  progressive  proportional  de- 
crease of  the  value  of  the  exports  of  foodstuffs  and  raw  mate- 
rials. In  other  words,  as  the  past  fiscal  year  progressed  the 
foreign  trade  of  the  United  States  came  more  and  more  to 
present  a  general  appearance  similar  to  that  normally  pre- 
sented before  the  war  by  the  trade  of  the  leading  industrial 
nations  of  Europe — above  all  Great  Britain.  Like  those  na- 
tions in  the  pre-war  years  we  had  what  is  commonly,  though 
unscientifically,  described  as  an  "unfavorable"  or  "adverse" 
balance  of  trade  in  our  total  visible  interchanges  with  the 
rest  of  the  world,  and  at  the  same  time  our  manufacturing 
industries  were  playing  an  ever  larger  part  in  determining 
the  inflow  and  outflow  of  commodities  and  goods. 

On  our  total  exchanges  of  merchandise   with  other  coun- 
tries during  the  first  11  months  of  1922-1923  there  was   a 


"favorable"  balance;  that  is,  an  excess  of  the  value  of  the 
exports  over  that  of  the  imports,  in  the  amount  of  $175,- 
315,362,  whereas  in  the  first  11  months  of  1921-1922  the 
"favorable"  balance  on  merchandise  account  was  the  very 
much  larger  amount  of  $1,088,421,629.  The  latter  of  these 
figures  fairly  corresponds,  if  due  allowance  is  made  for 
changes  in  the  level  of  prices,  with  the  normal  "favorable" 
balance  shown  by  the  trade  of  the  United  States  in  the  pre- 
war years;  but  evidently  the  figure  for  1922-1923  represents 
but  a  mere  fraction  of  the  "favorable"  balance  to  which  we 
were  formerly  accustomed.  Moreover,  we  by  no  means  get 
the  whole  story  of  the  change  that  has  occurred  from  the 
figures  of  our  imports  and  exports  of  merchandise.  Besides 
these  the  values  of  our  imports  and  exports  of  gold  and 
silver  must  be  reckoned  with.  The  total  inward  and  out- 
ward movement  of  the  precious  metals  during  the  period 
of  this  year  yielded  an  excess  of  imports  in  the  amount  of 
§221,936,550,  against  an  excess  of  imports  of  the  precious 
metals  totaling  $437,245,407  for  the  period  a  year  ago.  Here 
the  important  thing  to  note  is  that  when  we  set  the  1922- 
1923  net  import  balance  on  account  of  gold  and  silver  over 
against  the  year's  net  export  balance  on  merchandise  account 
we  are  left  with  a  final  net  import  balance  in  the  amount 
of  $46,621,188  on  the  Country's  total  "visible"  interchanges 
with  the  rest  of  the  world  during  the  11  months'  period, 
whereas  a  year  ago,  notwithstanding  the  considerably  larger 
net  importation  of  the  precious  metals,  our  total  "visible" 
interchanges  with  other  countries  still  showed  an  excess  of 
exports  over  imports  in  the  amount  of  $651,176,222,  a  "favor- 
able" balance  far  smaller,  of  course,  than  those  which  were 
usual  from  year  to  year  during  and  immediately  after  the 
war,  but  nevertheless  on  its  face  normal  enough  by  the  pre- 
war standard. 

The  two  groups  or  classes  of  imports  which  made  really 
large  gains  in  value  in  1922-1923,  as  compared  with  1921- 
1922,  were  crude  materials  for  use  in  manufacturing  and 
manufactures  for  further  use  in  manufacturing,  while  the 
group  designated  as  manufactures  ready  for  consumption  in- 
creased only  insignificantly.  The  figures  undeniably  indicate 
a  remarkable  state  of  activity  and  prosperity  among  our  in- 
dustries, necessitating  the  importation  of  raw  material  and 
semi-finished  products  upon  a  quite  unprecedented  scale. 
The  change  in  the  conditions  of  the  Country's  foreign  trade 
during  the  past  fiscal  year  was  not  attended  by  a  diminution 
of  the  ability  of  our  industries  to  compete  with  those  of 
other  countries. — A.  R.  Marsh  in  Economic  World. 
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The    former    method   of   testing    a    test -piece    to    de- 
has  been  superseded  by  that  of  testing  every 
-d   part  without   injury   being  done  to   the   part, 
and  working  are  commonly  as 

high  as  five  times  those  of  a  generation  ago.     Machin- 
ery is  correspondingly  lighter,  the  range  of  operation 
-   and  the  cost   of  operation   lower.      Light  alloys 
of  aluminum   or  magnesium  base,  unknown   a  genera- 
igo,  have  come  into  use,  and  a  new  cast-iron  with 
three    times    the    strength   of   ordinary   gray   cast-iron 
and  having  some  ductility  and  very  appreciable  shock 
ance    has    been    produced.      Elastic-limit,    in    its 
former  sense,  soon  will  be  relegated  to  an  unimportant 
place  an>:  trill  be  substituted  the  broader  term 

_-ue    failure";    an    "endurance    curve,"    plotted    as 
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in  a  perfect  piece  by  a  nearly  straight  line.     In- 
ternal   uncleanliness   and   external    roughness    will    in- 
crease the  downward  slope  of  the  curve.     No  definite 
in   seems  to  ex  en  the  fatigue  elastic- 

limit   and   the   proportional    elastic-limit   or   the   yield- 
point. 
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strength  and  shock-resistance.  In  truck  work,  strength 
comes  higher.  The  particular  requirements  of  each 
part  should  be  investigated.  In  many  parts  in  which 
stiffness  is  essential,  such  as  the  crankshaft,  case- 
hardened  low-carbon  steel  would  give  adequate  strength 
and  hardness  and  would  be  cheaper,  easier  to  forge, 
machine      and      heat-treat      than      would      alloy-steel. 

igth  should  not  be  the  only  factor  of  safety  con- 
sidered in  design ;  there  should  be  as  many  factors  of 

y  as  there  are  bases  of  design;  strength,  fatigue, 
stiffness,  shock. 

ENGINEERS  who  are  interested  in  the  progress  of 
their  profession  will  find  the  story  of  the  auto- 
mobile during  the  last  20  years  fascinating.  The 
automobile  has  brought  with  it  and  has  put  into  commer- 
cial practice  new  materials,  new  methods  of  control  of 
material,  especially  in  alloy-steel  and  the  light  metals, 
and  the  heat-treatment  of  metals  for  high  strength;  has 
altered  machine  design  by  emphasizing  the  importance  of 
allowing  for  fatigue  and  for  stiffness  or  shock-resistance, 
as  being  coordinate  with  the  design  for  strength;  ami 
has  made  obvious  the  necessity  for  considering  inertia- 
stresses  in  the  design  of  moving  machinery.  The  scien- 
tific design  of  bearings  and  lubrication  will  perhaps  be 
the  next  boon  to  general  engineering  knowledge  to  come 
through  the  automobile;  it  has  not  yet  arrived,  but  is 
pending. 

There  have  been  three  parallel  lines  of  development  in 
the  progress  of  automotive  engineering;  (a)  the  theory 
and  practice  of  the  construction  and  operation  of  the 
prime-mover,  or  engine,  used;  (6)  the  improvement  of 
the  manufacturing  methods  for  producing  and  shaping 
the  materials  of  construction,  and  for  assuring  the  de- 
1  shape,  size  and  proportion  of  different  parts;  and 
the  radical  and  important  improvement  of  the  prop- 
erties of  the  materials  of  construction  that  makes  pi 

the  most   astounding  reductions  in  the  sizes  and  the 
weights   of  parts. 

The  improvement  of  production  machinery,  such  as 
forges,  presses,  lathes  and  milling,  drilling  and  grinding 
machines,  that  makes  possible  the  modern  system  of  "in- 
terchangeable" quantity-production,  is  in  itself  a  won- 
ful  piece  of  engineering  work.  Inseparable  from  it  is 
the  system  of  gaging  and  inspecting  the  size  and  shape 
of  every  piece  manufactured.  Another  kind  of  inspec- 
tion, upon  which  we  have  made  probably  only  a  begin- 
ning, is  the  check  on  the  properties  of  the  materials,  a 
discussion  of  which  comes  properly  under  the  title  of 
this  paper. 

Not  so  very   long  ago,    material    inspection  was   done 
mainly  by  tests  to  destruction  of  ai  onal  piece  that 

was  shunted  out  of  production.  A  certain  fraction  of 
the  current  product  was  set  aside  for  such  tests,  usually 
1  piece  in  100  or  1000,  bul  a  sufficient  number  to  be  con- 
sidered typical  of  a  run,  a  "heat"  from  a  steel-furnace  or 
a  similar  quantity.  If  the  test-specimen-  that  were  se- 
ed  passed  the  destruction  test,  all  their  companion 
pieces  were  accepted;  if  the  test-specimens  failed,  further 
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tests  were  made  to  check  the  first  results  and  to  decide 
upon  the  acceptance  or  the  rejection  of  the  lot..  At  pres- 
ent, though  such  testing  to  destruction  of  selected  pieces 
has  not  been  abandoned,  this  scheme  belongs  rather  to 
the  preliminary  research  stage;  and,  in  the  course  of 
production,  the  checking  of  material  is  done  best  by 
tests  that  can  be  applied  to  every  finished  part  without 
injury  being  done  to  the  part.  Future  progress  in  the 
control  of  material  will  lie  largely  in  this  inspection;  for 
example,  the  present  Brinell  and  scleroscopic  tests  of 
hardness  are  unlikely  to  survive  the  next  10  years  as,  in 
practice,  both  have  too  many  obvious  defects  both  of 
theory  and  of  performance. 

For  a  broad  and  detailed  discussion  of  the  relation  of 
the  engineer  to  materials  and  material-testing,  I  recom- 
mend a  recent  book  on  Engineering  Steels,  by  the  Eng- 
lish engineer,  Leslie  Aitchison.  He  points  out  that  the 
demands  of  the  automotive  industry  for  steels  capable 
of  withstanding  the  higher  stresses  have  made  it  im- 
perative for  engineers  to  ascertain,  before  using  them, 
that  the  steels  really  possess  the  expected  and  desired 
properties;  hence,  there  is  a  critical  re-examination  of 
what  are,  fundamentally,  the  properties  the  engineer 
needs  for  specified  purposes,  and  a  development  of  better 
means  for  measuring  those  properties.  Specifications 
are  often  broadened  to  cover  the  chemical  composition, 
heat-treatment,  macrostructure  and  microstructure,  as 
well  as  the  physical  properties,  strength,  ductility,  hard- 
ness and  the  like.  When  we  begin  to  broaden  specifica- 
tions in  this  way  in  attempting  to  tie  the  case  up  tight, 
to  obtain  absolute  assurance  that  we  shall  get  what  we 
want,  we  admit  that  we  do  not  know  exactly  what  we  do 
want,  or  how  to  state  that  want  simply  and  in  measurable 
terms.  We  should  be  able  to  make  a  specification  in  terms 
of  three  measurable  properties,  certainly  not  over  four, 
and  to  state  the  tolerance  limits  for  each  so  that  the 
finished  material  shall  be  exactly  what  we  want  without 
restriction  as  to  how  it  is  made  or  what  it  is  made  from. 
We  do  not  now  have  such  a  knowledge  of  materials.  At 
present  we  need  improvement  in  our  knowledge  of  the 
properties  of  materials  rather  than  improvement  in  the 
properties  themselves. 

Comment  on  the  actual  improvements  in  the  properties 
during  what  may  be  called  recent  times  is  hardly  in  point 
here,  as  the  past  and  current  values  are  so  well  known. 
Our  fathers  worked  with  structural  and  machine  steels 
of  carbon-steel  composition,  and  used  them,  in  general, 
without  heat-treatment.  We  use  heat-treatment  and 
alloy-steels  very  commonly  and  get  strengths  and  work- 
ing stresses  of  an  order  as  high  as  five  times  those  of  a 
generation  ago,  Correspondingly,  our  automotive  ma- 
chinery is  lighter  where  weight  was  formerly  required; 
and,  in  consequence  of  lower  weight,  the  range  of  opera- 
tion has  been  widened  and  the  cost  of  operation  lowered. 
As  L.  H.  Pomeroy  recently  has  pointed  out,  a  saving  of 
weight  in  one  place  has  cumulative  effects  throughout 
the  car.  We  also  have  a  new  set  of  materials  with  which 
to  deal  in  the  light  alloys  of  aluminum  or  magnesium 
base,  which  were  unknown  a  generation  ago,  and  the 
heat-treatment  of  them  promises  to  be  as  important  as 
the  heat-treatment  of  steel. 

In  the  field  of  cast  iron,  new  material  should  be 
evolved  in  the  near  future.  In  the  course  of  experiments 
on  the  quick  conversion  of  white  cast-iron  into  malleable 
cast-iron,  it  has  been  found  possible,  by  a  process  taking 
but  a  few  hours  of  heat-treatment,  to  make  a  material 
having  a  gray  fracture  due  to  "temper  graphite,"  with 
a  tension  yield-point  of  about  45,000  lb.  per  sq.  in.,  a 
maximum  strength  of  about  75,000  lb.  per  sq.  in.  and 


some  ductility.  This  new  material  is  practically  a  gray 
cast-iron  of  about  three  times  the  strength  of  ordinary 
gray  cast-iron,  with  some  ductility,  and  with  a  very  ap- 
preciable shock-resistance.  It  seems  well  worth  investi- 
gating as  a  material  for  parts  such  as  timing  gears,  in- 
serted cylinder-sleeves  and  the  like  and,  in  general,  for 
parts  of  not  too  complicated  section,  for  which  a  cast 
iron  of  higher  strength  and  stiffness  than  those  of  gray 
iron  might  be  usable.  This  new  material  should  be 
cheaper  than  malleable  cast-iron. 

Properties  of  Materials 

In  studying  the  properties  of  materials  and  learning 
what  we  should  measure  and  specify  as  significant  prop- 
erties, it  seems  that  the  elastic-limit,  as  "proportional 
limit,"  or  "Johnson  limit,"  or  the  like,  is  soon  to  be  set 
back  to  a  very  unimportant  place.  This  property  is  not 
strictly  a  fundamental  one;  it  is  an  accident  of  the  manu- 
facturing process,  or  largely  of  the  particular  history  of 
the  piece.  We  are  interested  in  elastic-limit  in  two  ways. 
If  a  part  changes  shape  under  service  stresses,  normal 
or  abnormal,  with  a  permanent  set  that  is  greater  than 
the  limits  of  the  accuracy  of  machining  and  assembling, 
the  part  ceases  to  function  properly  with  the  adjacent 
parts.  This  furnishes  a  rational  basis  for  a  specification 
of  one  practical  kind  of  elastic-limit,  the  stress  that  first 
causes  a  permanent  set  of  an  arbitrary  value,  such  as  1 
part  in  10,000.  Beyond  this  we  may  well  recognize  a 
yield-point,  or  yield-stress,  at  which  the  permanent  set 
rapidly  increases  at  an  intolerable  rate.  An  arbitrary 
definition  might  give  this  as  the  stress  that  causes  the 
permanent  deformation  to  pass  the  relative  deformation 
by  0.005,  or  3 A  of  1  per  cent.  Definitions  such  as  these 
would  have  direct  practical  engineering  application, 
would  be  fairly  easy  to  use  in  testing  and  could  be  ap- 
plied alike  to  all  materials,  ferrous  or  non-ferrous, 
whether  heat-treated  or  not. 

Our  second  interest  in  elastic-limits  is  in  a  field  of 
the  highest  importance,  which  now  for  the  first  time  is 
receiving  a  study  that  is  detailed,  accurate  and  broad; 
this  is,  the  field  of  "fatigue  failure."  For  ferrous  metals, 
a  large  quantity  of  data  on  the  investigation  of  fatigue 
has  been  obtained  at  the  University  of  Illinois  Engineer- 
ing Experiment  Station,  through  the  cooperation  of  this 
station  with  the  National  Research  Council,  the  Engin- 
eering Foundation  and  the  General  Electric  Co.  Many 
other  sources  have  contributed  information,  and  a  group- 
ing and  a  correlating  of  all  the  data  and  test  methods  are 
being  carried  out  at  the  Bureau  of  Mines,  by  H.  W.  Gil- 
lette. 

It  is  clear  that  for  each  steel,  when  it  is  clean  and 
sound,  of  perfect  surface  smoothness  and  shaped  care- 
fully to  avoid  local  overstresses,  there  is  a  limiting  elas- 
tic-stress range  that  can  be  repeated  a  more  or  less  in- 
definite number  of  times  without  the  failure  of  the  piece. 
If  the  repeated  stress  is  the  least  bit  too  high  the  en- 
durance of  the  steel,  the  number  of  stress  repetitions 
for  fracture  becomes  definitely  finite;  the  repetitions  be- 
come fewer  as  the  stress  becomes  higher.  The  endurance 
curve,  plotted  as  the  logarithm  of  the  stress  against  the 
logarithm  of  the  number  of  cycles  needed  to  break,  con- 
sists of  a  straight  or  nearly  straight  line  that  comes 
down  somewhat  rapidly  from  the  high  stresses  and  small 
number  of  cycles  to  the  elastic-stress  and  a  cycle  num- 
ber somewhere  in  the  region  between  500,000  and  5,000,- 
000;  thence,  the  curve  seems  to  be  flat  and  of  constant 
stress.  But  this  is  for  the  perfect  piece.  When  the  steel 
is  not  clean  and  sound,  the  whole  curve  is  lowered  and 
may   become    very    erratic.      When   the    surface    is   not 
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too]  or  grinder  marks  crossing 
at  ;.   .  repeating  tension-stress,  the 

red.    Even  the  shape  of  the 

in!  branch  no  longer 

urabilitj  .u  Blopes 

•  s  the  inure  sharply  the  greater  the 

-  or  the  external  roughness  is.    Fil- 

dently  cause  much  higher  real 
monly  imputed  to  them. 

Curves 

Tb  kind  of  elastic-limit  is  that  of  the  endur- 

-  of    finding    this    limiting-stress 

n   being  evolved,   and   also 
I   inferring  its  probable  value  from  other  more 
njj-   values,   such   as   the   Brinell    hard 
number,  the  tension  at  maximum  strength  and  the  like. 
rrelation  seems  to  exist  between  the  fatigue 
■;e-limit   and   the   proportional    elastic-limits   or    the 
ises,  the  fatigue  limit  seems  I 
higher  even  than  the  yield-point.    We  have  substantially 
no   information   yet   on   the   fatigue   properties   of   non- 
ferrous  metals.     It  seems  probable  that,  for  some  of  the 
copper-rich  alloys,  the  fatigue  elastic-limit  will  be  found 
to  be  very  much  higher  than  their  proportional  elastic- 
limits,  and  perhaps  higher  than  their  yield-points.    This 
needs  to  be  proved;  for  some  of  the  non-ferrous  metals 
we  may  expect  to  find  the  fatigue-limits  very  low  indeed. 
There  is  a  chance  that  an  investigation  of  the  fatigue 
properties  of  copper  alloys  may  be  financed  soon  by  the 
Engineering  Council  and  an  association  of  the  manufac- 
turers of  copper  and  bras-  ne  seems  to  volunteer 
to  finance  the  fatigue  research  of  the  light  metals.     The 
use  of  duralumin  connecting-rods  suggests  that  we  should 
find  out  the  fatigue  properties  soon  either  by  test  or  by 
experience.     The  stressing  of  the  connecting-rod,  by  ri- 
ng the  tension  and   the  compression,  is  harder  on 
the  material  than  reversing  bending  or  torsion,  because 
••  central  parts  of  the  section  where  inclu- 
sions, segregations,  pipes,   flaws   and   v.  es  gener- 
ally are  most  likely  to  occur. 

It  might  be  mentioned  that  the  fatigue-limit  in  torsion 
.is  it  should  have,  a  shi  -  of  a  numerical  value 

one-half  the  tension-compression  value  that  is  found  in 
reversing  bending.  It  seems  probable  that  all  cast 
metals,  even  steel,  will  have  no  true  fatigue  elastic-limits, 
but  will  have  endurance  curves  continually  dropping  to 
lowe-  the  "life"  is   increased.     The  fatigue- 

failure   diffe.'  en    the   cast   and    the    worked 

metals  have  not  been  investigated  as  yet. 

Partly   from   fatigue  researches,   but  more   from   such 

•"  Prof.  E.  G  Coker  in  England, 

makes   si  ire   them  olarized    light 

ng  through  a  loaded  body  of  transparent  material, 

■  ■  ••       pj  arly  to  a 

of  keyways,  at  scratches,  and  the  like.   And, 

knowledge  to  practice,  many  of  th>-  de- 

•-.  will  change.    For  example,  a  groove  like 

in  a  shaft,  of  a  depth  x  and  a  bottom  radius  r, 

■   ■  ment  of  the  shear  lependent 

grove  lay  squarely  across  the 

he  enhancement  would  be 

more  serious.    For  a  splined-axle  shaft,  a  radius  a' 

•  m  angle  lines  of  0.1  of  the  depth  will  bring 

to  2.'-'   times  the   normal   stre- 
radiu-  of  0.2  of  the  depth  will  make  the  stress  only  1.5 

We    all    are    familiar    with 
splined-shaft  breaks  tl  rl    from   the   angles   at    the 


■  m  of  the  splines.  Of  course,  truly  sharp  corners  and 
theoretically  infinite  stress  do  nut  occur;  but  the  sharp 
cracks  from  excessive  cooling-stresses  in  heat-treatment 

operations  are  very  serious.  Such  cracks  will  cause  an 
early  fatigue  failure  if  the  part  goes  into  service.  On  a 
single  overload,  a  sharp  corner  will  run  the  local  stresses 
up  beyond  the  yield-point;  the  yielding  then  rounds  the 
corner  and  stops  the  further  rise  of  the  stress. 

In  practice,  the  weakening  of  a  piece  by  a  scratch  or 
groove,  by  stressing  in  bending  or  in  torsion,  is  a  func- 
tion not  only  of  the  ratio  of  the  depth  of  the  scratch  to 
the  radius  at  the  bottom  of  it.  but  also  of  the  ratio  of  the 
depth  of  the  scratch  to  the  thickness  of  the  piece.  A 
scratch  or  groove  of  given  dimensions  is  relatively  more 
ius  the  smaller  the  pie.  1  -  Endurance  curves  made 
on  sheet  metal,  such  as  those  of  the  recent  McCook  Field 
-  on  sheet  duralumin,  must  be  affected  greatly  by 
the  consideration  of  surface  imperfections  that  are  rela- 
tively large  compared  with  the  thickness  of  the  piece. 
McCook  Field  has  found  that  for  duralumin  sheet  there 
is  no  fatigue  elastic-limit  stress,  up  to  at  least  500,- 
000,000  cycles.  It  is  possible  that  this  finding  is  not  in- 
consistent with  the  presence  of  a  definite  and  reasonably 
high  fatigue  elastic-limit  in  forged  duralumin  connect- 
ing-rods. I  write  this  paragraph  largely  to  show  our 
real  lack  of  knowledge  of  the  fatigue  action  of  the  light 
metals,  knowledge  that  we  need  before  we  can  go  exten- 
sively into  any  complete  substitution  of  light  metals  for 
-nil  in  parts  carrying  transverse  or  torsional  or  long- 
column  compression  loading,  and  where  the  moment  of 
inertia  of  the  section  is  a  large  factor  in  the  strength  of 
the  part.  Extensive  use  of  light  metals  is  undoubtedly 
in  prospect  if  the  fatigue  properties  under  the  conditions 
both  of  casting  and  of  forging  are  found  to  be  satisfac- 
tory. Alloy-steels  can  match  the  light  metals  in  the  ratio 
length  to  weight  for  tension  loading  only. 

What  ENGINEERS  DESIGN  For 

This  brings  us  back  to  the  question  of  what  determines 
the  choice  of  materials,  and  what,  in  general,  are  the 
conditions  of  design;  that  is,  what  we  design  for.  I  am 
not  discussing  costs.  We  inherited  from  our  predeces- 
sors  and  our  textbooks  are  filled  with  a  scheme  of  design 
having  strength  as  the  controlling  factor.  The  design 
tor  strength  grew  up  in  an  age  when  the  speed  of  moving 
parts  was  low,  so  that  inertia  forces  were  only  of  sec- 
ondary, not  primary,  importance;  and  fatigue-failure 
was  an  improbable  rather  than  an  ever  pre  enl  possi- 
bility. Even  in  that  day  the  design  of  machine-tools, 
such  as  lathes  and  shaping,  planing  and  milling  machines, 
should  have  been  based  first  on  stiffness,  and  only  sec- 
ondarily on  strength,  for  the  first  duty  of  a  machine-tool 
hold  thr  rigidly  in  place  with  regard  to  the 

work. 

In  the  automobile  business  we  know,  though  we  do  nut 
always  practice  what  we  know,  that  there  are  four  co- 
ordinate bases  of  design,  and  from  design,  of  choice  of 
traction  material.  These  four  are  strength,  fatigue- 
nd  shock  '  - '•.     In  importance 

may  rank,  for  passenger-car  design,  as  stiffness, 
fatigue-n  .'th    and    shock-resistance.     In 

truck  work  strength  comes  higher  in  the  list.  Design  for 
shock-resistance  in  some  respects  is  hardly  within  our 
province;  it  is  not  entirely  reasonable  that  an  automobile 
lid  be  able  to  survive  a  collision  with  a  stone  wall. 
B  it  H  should  be  able  to  survive  a  clutch  dropped  into 
engagement  on  a  "racing"  engine,  a  case  that  conditions 
the  strength  and  stiffness  of  every  gear  and  shaft  from 
the  clutch  to  the  rear  wheels,  for  then  the  loadings,  on 
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account  of  the  acceleration  forces  of  the  rear  wheels,  are 
much  higher  than  are  needed  to  slip  those  wheels  in  more 
nearly  normal  operation. 

An  engine  crankshaft  furnishes  a  good  example  of  the 
shift  of  the  basis  of  design.  At  first  it  was  strength, 
then  fatigue ;  now,  it  is  stiffness,  to  resist  the  torsional 
vibration.  Each  change  of  the  basis  of  design  brought 
an  increase  of  the  dimensions  of  the  shaft  compared  with 
those  of  the  cylinder-bore.  And  in  this  we  do  not  prac- 
tise as  we  preach,  or  as  we  know.  For,  in  a  general  way, 
strength,  against  either  single  overloads  or  fatigue-fail- 
ures, goes  up  with  the  tensile-strength  of  the  material 
and  the  ratio  of  the  moment  of  inertia  to  the  diameter 
of  the  shaft,  while  the  stiffness  depends  on  the  product 
of  the  modulus  of  elasticity  of  the  material  and  the  mo- 
ment of  inertia  of  the  shaft.  When  we  designed  for 
strength  alone  we  kept  shaft  diameters  small  and  used 
nickel-chrome  heat-treated  steel  for  high  strength  and 
good  hardness.  When  we  design  for  stiffness,  such  a 
material  is  too  good.  A  low-carbon  steel  would  be  just 
as  stiff,  for  it  has  substantially  the  same  modulus  of 
elasticity ;  and,  when  the  diameter  is  large  enough  for 
satisfactory  stiffness,  a  case-hardened  low-carbon  steel 
would  give  adequate  strength  and  hardness  to  the  crank- 
shaft and  be  cheaper  and  easier  to  forge,  machine  and 
heat-treat.  But,  lacking  the  courage  of  our  convictions, 
we  keep  on  using  alloy-steel.  So  we  could  go  through 
the  parts  of  a  car,  examining  everywhere  the  basis  of 
design  and  the  choice  of  materials.  Steering-knuckles 
are  controlled  by  fatigue-resistance,  front  axles  by 
strength  and  shock-resistance,  propeller  and  axle-shaft- 
ing by  strength  and  shock-resistance,  gears  by  strength 
and  wear-hardness,  crankcases  by  stiffness,  and  so  on. 

The  frame  is  very  interesting.  For  a  passenger  car, 
the  dominant  property  needed  is  stiffness,  so  that  the 
frame  and  the  body  may  agree  with  each  other  as  the  car 
runs.  A  partial  realization  of  this  is  shown  in  the  great 
deepening  of  the  frames  in  recent  years.  For  the  most 
part,  this  deepening  misses  the  point.  It  increases  the 
bending  stiffness  that  was  never  seriously  bad  anyway. 
The  frame  is  nearly  a  two-dimensional  rectangular  part, 
loaded  at  the  four  corners  by  the  springs  and  along  the 
long  edges  by  the  body  and  the  engine.  Its  defect  of 
stiffness  is  against  weaving  or  torsion,  a  twist  of  one 
end  with  regard  to  the  other.  Deepening  of  the  side- 
rails  does  not  make  the  frame  torsionally  stiff.  We  may 
find  a  way  out  by  removing  the  cause  of  the  weaving,  by 
changing  the  spring  loading  to  three  points  instead  of 
four,  by  using  transverse  springing  at  one  end  of  the  car. 
If  we  stick  to  four-point  springing  we  must  meet  the 
torsional  forces  with  torsional  rigidity  of  structure, 
which  requires  a  structure  in  three  dimensions  instead 
of  two.  We  might  take  a  hint  from  the  fuselage  of  an 
airplane,  and  make  a  permanent-top  body  a  unit  with  the 
frame,  making  this  unit  simultaneously  much  stiffer  and 
much  lighter  than  the  present  structure  of  two  parts 
quarreling  with  each  other.  The  new  "frameless"  Lancia 
car  shows  a  start  in  this  direction.  A  mild  low-carbon 
steel  with  be  just  as  stiff  as  an  alloy-steCi ;  so  that,  as 
long  as  stiffness  controls  frame  design,  there  will  be 
nothing  to  gain  from  alloy-steel. 

Factor  of  Safety 

So  long  as  design  was  based  solely  on  strength,  the  old 
definition,  "factor  of  safety  equals  the  maximum  strength 
divided  by  the  working  load,"  was  all  right.  Then  the 
argument  was  made  that  the  yield-point,  rather  than  the 
tension  maximum   load,   should   be   used   in   calculation. 


This  argument  originated  in  the  fact  that  the  heat- 
treated  carbon  or  alloy-steels  have  yield-points  relatively 
much  nearer  to  the  maximum  than  the  familiar  50  per 
cent  relation  of  the  normal  carbon-steels.  In  fatigue  re- 
search we  find  the  fatigue  elastic-limit  to  be  substan- 
tially 50  per  cent  of  the  maximum  strength  in  all  worked 
steels,  regardless  of  their  analysis  or  heat-treatment. 
This  seems  to  throw  us  back  to  the  old  scheme  of  using 
the  maximum  strength,  rather  than  the  yield-point,  in 
computing  the  strength  factor  of  safety.  We  should  not 
forget  that  for  long  columns  in  compression,  for  I-beams 
or  channels  in  bending  or  for  tubing  under  torsion,  the 
yield  load  is  substantially  the  maximum  load. 

There  are  other  factors  of  safety  than  that  for  strength 
to  be  considered,  factors  for  deflection  or  rigidity,  shock 
resistance,  elastic-limit,  break  and  the  like.  The  num- 
bers designating  these  factors  of  safety  may  be,  and 
usually  are,  very  different  from  the  strength  factors. 
Take  resilience  or  shock-resistance  as  an  example,  in  a 
steel  with  a  yield-point  of  50,000  lb.  per  sq.  in.;  maxi- 
mum strength,  100,000  lb.  per  sq.  in.;  ductility,  30  per 
cent.  Let  the  working-stress  be  15,000  lb.  per  sq.  in. 
Then  the  ratio  of  the  strength  factor  of  safety  to  the 
yield  point  is  3,  to  break  is  6;  the  resilience  factor  to 
yield-point  is  (50,000/15,000) 2  =  10,  and  to  break  is 
about  20,000/4  =  5000.  The  elastic  work  per  cubic  inch 
at  working  stress  is  50,000V(2X30,000,000)  =  4  in-lb. 

Summarizing,  the  study  of  factor  of  safety  brings  up 
the  same  argument  we  have  had  before:  The  basis  of 
design  cannot  be  merely  for  strength.  Hence,-  we  can- 
not state  a  single  factor  of  safety,  but  must  have  as 
many  as  there  are  bases  of  design;  strength,  fatigue, 
stiffness,  shock. 

THE  DISCUSSION 

Otto  M.  Burkhardt: — It  is  a  problem  to  take  a  suc- 
cessful car  of  today  and,  without  changing  the  design 
completely,  to  eliminate,  let  us  say,  100,  200  or  even  500 
lb.  of  weight  without  imperiling  the  product  in  one  way 
or  another.  The  high-speed  prime-mover  is  looked  on  as 
offering  some  solution.  A  precedent  is  furnished  by  the 
steam  engine,  with  which  we  have  noted  that  every  time 
a  new  type  of  engine  has  been  offered,  the  speed  has  been 
increased.  The  advantages  of  the  high-speed  engine  are 
well  known,  and  so  are  the  disadvantages.  There  is  much 
room  for  the  exact  analysis  of  stresses  and  deflections 
and,  when  the  opportunity  arrives,  there  will  be  modi- 
fications in  favor  of  lighter  weight. 

John  Miller: — What  does  Professor  Upton  think  of 
the  use  of  case-hardened  steel  for  resisting  fatigue?  I 
have  observed  that  case-hardened  steel  seldom  breaks  on 
account  of  fatigue-failure,  and  I  have  found  that  case- 
hardened  alloy-steel  will  outlast  plain  alloy-steel  in  the 
Stanton  repeated-impact  test.  In  a  passenger  car  or  a 
motor  truck,  we  sometimes  get  stresses  as  high  as  those 
in  the  Stanton  test.  In  case-hardened  steel  we  get  a  very 
high  elastic-limit  on  the  surface,  where  it  is  most  needed, 
and  there  appears  to  be  an  absence  of  internal  stresses ; 
whereas,  in  high-carbon  steel  of  the  same  hardness,  the 
useful  strength  of  the  steel  is  reduced  by  the  internal 
stresses. 

Prof.  G.  B.  Upton  : — If  not  hardened  above  400  Brinell, 
the  fatigue  elastic-limit  should  go  up  with  the  carbon 
content  of  a  steel;  and  Mr.  Miller's  experience  is  in  line 
with  what  we  should  expect  for  case-hardened  stock 
under  bending  or  twisting  loads.  I  have  had  no  expe- 
rience in  this  case. 

Mr.  Miller: — I  agree  with  Professor  Upton  that  the 
light  car  is  the  coming  car,  and  I  believe  that  within  the 
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one-half 
that  the  light  car 

Mr.  B'  follow- 

iking  the  top  permanent  with 
the  car  ■  lit  down 

*me  time.     Still,  some 
This  impi 
hide  and  of  the  occupants 

to  by  the 
The  permanent  top  would  be  a  tine  thing,  hut 
the  public  mus 

l: — What    is    the    relation    between    the 
:it  and  the  tensile-strength? 

Roughly    speaking,    the    fatigue 

<  about  one-half  the  tensile-strength.    This 

information  can   be  obtained  from   the  special   bulletins 

i  by  the  University  of  Illinois. 

Mr.  COX: — Ordinarily,  then,  you  can  say  that  the  ten- 

ipproximately    500    times    the    Brinell 

number? 

"pton: — Yes.     You  probably  will  find  that 
ked  out   more  perfectly  for  the  carbon 
ends   on   whether  the  fatigue   stressing   is 
C  about  zero  stress      If  it  is  unsymmetric,  the 
permissible  range  is  less.    Because  the  high-speed  engine 
i  smaller  combustion-chamber,  the  compression  pres- 
can  be  higher.     Racing  engines  with  a  2%-in.  bore 
have  to  run  at  4000  r.p.m.,  and  they  do  not  "pink"  with 
1  to  1. 
A.  J.  FlTZGlBBONS: — Why  is  there  such  a  wide  differ- 
ence in  methods  of  design  between  the  Society  and  the 
American  Society  of  Civil  Engineers?    One  is  decreasing 
the  weight  and  the  other  increasing  it. 

Pp.  i  pton: — The  civil  engineers  have  reached 

the  limit  of  weight  and  are  reducing  it.     Rails  are  being 
made  lighter,  as  are  also  the  wheel  loai 

Mr.  Bcrkhardt: — Locomotives   require  adhesion  and 
need   weight.      The   railroads   are   not   so   suc- 
ful  on  tr  haul.      As  automobiles   have  to  ac- 

celerate and  retard  between  city  blocks  and  a  locomotive 
does  not,  the  difference  becomes  apparent. 
David   Fhh  The   question   of   designing   for 

f  much  moment  today  and  we  are  using,  in 
many  pis  •••els  that  there  is  now   no 

r  adopting.     In  the  j ;  'Tie  the  break- 

ing of  some  parts  such  as  engine  crankshafts,  that  were 
ma<i'  hanged  to  chrome-nickel  steel. 

..t  the  time.    On  the  other  hand,  we  have 
been  required  to  mak-  much  more  quietly 

en,  that  we  have  hail  !■>   ise  crankshafts  of  much 
larger    diameter   to    eliminate  al    vibration;    ami 

teel   should   giv<  Faction   with   these 

eased  din  •  The  only  advantage  in  these  larger 

••  superior  hard- 

ness.   Thl-  can  I  •  ater  degree  with  a  20- 

hardening.     This  is  I 
done  by  the  Franklin  and  a  few  other  companies.     Some 
time  ago  it  ■■•  al  practice  to  make  the  crank- 

shaft bearing  about  one-half  the 

diarr  the   cylinder-bore.     This,    with    alloy 

tnpie  foi  n,  but  the  demand  for 

a  qn  it   necessary  to   increase  this 

figi.  ■  ing  2  in.  in  diar 

for  nder  pi  ar   engine   having   a  4-in. 

bore  'I  what  is  coi 

nal    vibration    and    the   consequent 
•    using  a  bearing  3  in.  in 


diameter  for  an  engine  of  this  size.     It  would  seem  i  i< 

uloua  to  use  chrome-nickel  steel  for  a  crankshaft  approxi- 
mately 3  in.  in  diameter,  which  apparently  it  must  be  to 
get  rid  ^i  torsional  vibration,  when,  with  so  largi 

diameter,  plain  carbon-steel  will  give  a  factor  of  safety 
that  is  greater  than  necessary.  Often,  in  engineering  de- 
velopment, we  find  it  desirable  to  go  back  to  something 

that  has  been  abandoned.  This  applies  also  to  the  pas- 
senger-car underframe.  If  we  must  use  a  ;•  to  10-in. 
channel  to  eliminate  deflection,  to  gel  rid  of  body  squeaks 
and  the  like,  it  is  unnecessarily  expensive  to  use  chrome- 
nickel  steel,  because,  with  a  frame  of  such  depth,  plain 
treated  carbon-steel  will  give  as  large  a  factor  of 
safety  as  is  necessary. 

I  think  that  the  high-speed  engine  that  Europe  is 
adopting  so  extensively  is  not  altogether  a  move  in  the 
right  direction.  This  depends  largely,  of  course,  on  the 
price  of  the  car  that  is  being  built.  I  believe  that  a 
medium-speed  engine  is  the  best  for  a  high-priced  car. 
that  the  sensation  of  the  excessive  speed  of  rotation  that 
can  be  felt  in  the  high-speed  engine  will  be  condemned 
by  the  wealthy  buyer,  and  that  he  will  demand  that  his 
car  be  equipped  with  a  medium  or  even  slow-speed  en- 
gine. 

Professor  Upton: — The  high-speed  engine  ultimately 
will  not  be  the  most  popular.  In  Europe,  engines  are 
taxed  according  to  the  bore  and,  consequently,  are  being 
reduced  in  size  and  the  speed  is  being  increased.  Some 
day.  when  the  method  of  taxation  is  changed,  the  design 
of  engines  also  will  change.  The  speed  at  which  lubrica- 
tion is  safe  will  limit  the  high-speed  engine.  Mechani- 
cal efficiency  is  higher  in  the  medium-speed  engine  than 
in  the  high-speed  engine.  In  the  latter  the  inertia  forces 
vary  with  the  square  of  the  speed  and  become  large  in 
comparison  with  the  useful  loads.  The  highest  mechani- 
cal efficiency  in  both  the  high  and  the  medium-speed  en- 
gines will  be  found  to  be  at  about  1500  or  1600  r.p.m. 

John  C.  TalcOTT: — Professor  Upton  recommends  the 
use  of  carbon-steel  for  frames.  I  believe  that  a  frame 
can  be  built  lighter  with  alloy-steel  than  with  plain  car- 
bon-steel. It  can  be  braced  so  that  it  will  be  Btronger 
than  a  straight  carbon-steel  frame.  I  have  seen  straight 
carbon-steel  frames  break  on  trucks.  If  an  alloy 
frame  gives  trouble,  it  is  better  to  add  10  lb.  in  braces 
than  60  lb.  in  the  side-members. 

Professor  Upton: — What  I  had  in  mind  in  recom- 
ding  a  return  to  carbon-steel  frames  was  that  the 
frames  are  being  made  deeper.  We  have  not  gone  very 
far  into  this  problem.  Body  weaving,  however,  is  not  due 
to  the  whole  frame,  but  to  one  side  being  moved  round. 
The  reason  is  that  we  have  not  designed  the  whole  thing 
bo  that  it  will  be  free  from  twisting.  Twisting  might  not 
be  objectionable  in  a  truck  frame,  but  on  passenger  cars 
it     is    obi  lie.       Daimler,    in     England,    mounts    the 

body  in  such  a  manner  that  it  doe  ii  b  the  frame, 

,!■  points.  It  is  fastened  at  the  forward  end 
by  two  hinges  and  at  the  rear  by  two  robber  bumpers. 
This  arrangemenl  lets  the  body  work  on  the  frame.  The 
forward  end  is  flexible  on  the  hinges,  ami  they  do  not 
have  to  make  the  frame  stiff;  they  make  the  body  stiff 
and  let   it   work  on  the   If.  | 

Ml;.  BUBKHABDT: — Trusses  usually  localize  stresses. 
'I  lev  do  not  do  anything  else  than  brace  up  a  weak 
point.  In  railroad  cars,  they  can  be  of  a  certain  design, 
but  in  the  automobile  the  complications  are  greater  and 
the  best  locations  for  them  are  rather  doubtful. 


(Concluded  on  p.  312) 
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SPECIFICATION  is  made  of  13  essential  factors 
that  the  author  believes  are  necessary  for  attain- 
ing better  engine  performance;  he  then  describes  how 
improved  results  have  been  obtained  by  the  use  of  a 
single-valve  mechanism  on  an  engine  having  an  un- 
usually high  compression-ratio  and  using  ordinary 
gasoline  as  fuel. 

The  latest  type  of  engine  built  with  the  single-valve 
mechanism  is  illustrated,  and  detailed  descriptions  of 
its  development,  design  and  operation  are  given,  to- 
gether with  comments  upon  its  factors  of  advantage 
and  data  obtained  from  tests. 

In  designing  this  single-valve  mechanism,  the 
primary  object  was  to  solve  the  problem  of  positively 
closing  poppet-valves  without  using  springs  and  thus 
to  produce  a  type  of  engine  that  would  operate  effici- 
ently at  greater  speeds  than  are  possible  with  spring- 
closed  valves.  Another  object  was  to  reduce  the  tem- 
perature of  the  exhaust-valve.  The  author  claims  that 
the  design  under  consideration  overcame  disadvan- 
tages, such  as  carbon  deposit,  regrinding  of  the  valves, 
overheating  and  detonation,  and  permits  an  increased 
compression-pressure  and  a  consequent  gain  in  power 
and  efficiency. 

IN  the  past  few  years  a  great  amount  of  scientific 
investigation  has  been  made  on  gas  engines  in  the 
United  States  and  in  Europe.  Problems  have  been 
solved  that  fill  the  gaps  in  engineering  data  to  such  an 
extent  that  we  can  discuss  engines  now  on  a  more  definite 
basis.  Ricardo  has  given  us  some  definite  values  of  the 
increased  efficiency  obtained  when  using  the  higher  com- 
pression-ratios that  are  permitted  when  additional  ex- 
haust gas  is  used  in  the  fuel  mixture.  The  Midgley  in- 
dicator has  set  before  us  graphically  the  causes  of 
detonation  and  has  shown  how  some  "doped"  fuels  help 
to  eliminate  detonation  in  an  ordinary  engine.  During 
the  last  year,  several  very  interesting  laboratory  tests 
have  been  run  on  engines  operating  with  unusually  high 
compression-pressure  which  showed  great  gains  both  in 
power  and  economy.  Fuel-consumption  values  as  low  as 
those  of  Diesel  engines  have  been  obtained  when  using 
the  ordinary  four-stroke-cycle  principle.  One  of  these 
tests  was  run  with  500-lb.  per  sq.  in.  compression-pres- 
sure with  benzol  as  the  fuel  and  resulted  in  an  indicated 
mean-effective  pressure  of  176  lb.  per  sq.  in.  Another 
test  made  with  ordinary  fuel  under  a  120-lb.  per  sq.  in. 
compression-pressure  resulted  in  a  25-per  cent  increase 
of  power  over  that  obtained  with  its  normal  compression- 
pi  essure  of  about  80  lb.  per  sq.  in.  In  the  first  case, 
results  were  obtained  with  a  special  fuel;  in  the  second, 
they  were  attained  by  using  special  laboratory  equipment 
by  which  the  temperature  of  both  the  cooling-water  and 
the  intake  gases  could  be  controlled  accurately.  These 
tests  are  of  value  inasmuch  as  they  set  a  high  mark  for 
engineers  to  shoot  at,  but  appear  to  be  of  not  more  than 

1  M.S.A.E. — General  manager,  Single  Valve  Engine  Co..  Mattapan. 
Mass. 


academic  interest  to  the  automotive  industry  for  the 
reason  that  neither  method  is  commercially  practicable. 
Recent  investigations  have  shown  that  the  key  to  the 
situation  is  the  finding  of  practical  means  to  reduce  the 
temperature  of  the  combustion-chamber  surfaces,  espe- 
cially that  of  the  exhaust-valve,  which  is  the  hottest  part 
of  the  chamber  in  all  engines. 

The  extreme  heat  of  the  exhaust-valve  often  has  been 
stated  to  be  one  of  the  sources  of  detonation,  but  no 
definite  value  has  been  placed  on  it  as  a  trouble  maker 
because  no  method  of  segregating  its  influence  on  detona- 
tion from  the  other  contributing  elements  has  been 
known.  Having  built  engines  both  with  and  without 
hot  valves,  I  can  state  definitely  that  the  relatively  high 


Pig.  1 — Two  Indicator-Cards,  the  Top  One  Showing  a  Normal 
Combustion   and   That  Underneath  One  in  Which   Detonation 

Occurred 

temperature  of  the  exhaust-valve  is  the  chief  cause  of 
detonation. 

Fig.  1  show^s  two  Midgley  indicator-charts,  the  upper 
one  being  characteristic  of  an  engine  operating  normally. 
While  the  pressure  line  shows  very  faint  irregularities, 
it  is  substantially  a  smooth  curve.  The  dark  spots  in- 
dicate the  beginning  of  detonation.  A  slight  variation 
will  always  be  seen  in  the  smooth  lines  before  the  knock 
is  audible.  The  lower  chart  is  a  good  illustration  of  the 
way  a  curve  will  vary  with  detonation.  In  this  case  the 
pressure  drop  is  nearly  50  per  cent  of  the  maximum  on 
the  first  fluctuation. 

Fig.  2  shows  a  chart  made  by  Harry  R.  Ricardo,  of 
London,  that  is  especially  valuable  since  it  shows  the  very 
great  advantage  of  high  compression,  provided  detona- 
tion can  be  eliminated.  The  upper  branch  of  the  upper 
curve  shows  the  gain  in  power  from  high  compression, 
using  exhaust  gas  to  prevent  detonation.  The  lower 
branch  of  this  curve  is  what  occurred  with  the  same  en- 
gine under  the  same  conditions  without  the  addition  of 
exhaust  gas.  Detonation  is  characteristic  at  a  compres- 
sion-ratio of  about  4.7  to  1.  The  lower  curves  show  the 
fuel  consumption  as  applied  to  the  two  upper  curves.  At 
a  compression-ratio  of  7.5  to  1,  without  the  exhaust  gas, 
the  fuel  consumption  came  back  to  5.5  lb.  per  hp-hr. ; 
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with  the  exhaust  gas  added  to  the  mixture  the  fuel-con- 
sumption curve  dropped  to  0.4  lb.  per  hp-hr.  I  call  atten- 
tion to  the  fact  that  this  chart  was  obtained  from  a  test 
made  on  an  engine  having  hot  valves,  and  it  appears  to  be 
the  most  logical  solution  of  eliminating  detonation  in  an 
ordinary  engine  operating  under  high  compression.  I 
include  it  as  a  basis  for  a  comparison  to  be  made  later. 
I  know,  the  gas  engine  is  the  only  piece  of 
mechanism  that  operates  with  any  of  its  vital  pari 

and,    irrespective   of  the   improvements    in 
•    materials  that  permit  a  fair  amount  of  durability 
operating  at  high  temperatures,  a  gradual  deteri- 
■in  and  a  ill  for  expensive  over- 

hauling occur.    This  intense  heat  is  the  principal  obsta<  le 
:ing  in  the  way  of  obtaining  commercially   the   re- 
that  all  engine  ■  :-  are  striving  for,  namely, 

higher  efficiency  and  greater  durability. 

NE-PEBFO&MANCE   FA( 

Th'  !v  tor  better  engine  • 

formance  i 

on 
-   maximum   temperature  of  the  combus- 
r  and  the  valves 

at   all   engine   speeds 
.n -chamber  without  pock) 
ng  the  fuel  compl' 
v.rm  fuel  distribution 
Mate  ign 

I 
rig  parts 
Ml)    A   rigid  crankshaft 

<ng  systems 

Th'  own  in  Fig.  '■',  is  one 

of  i<  'hat  have  been  built  to  date,  this  being  the 


last.     In  this  case,  the  fan  is  mounted  on  the  front  end 
imshaft,  but  it  was  never  used.    The  lower  pari 

of  the  engine,  dp  to  the  head,  was  purchased  from  a  lii  in 
in  Newark,  X.  ,1.,  that  lias  built  some  highly  efficient 
engines    having   overhead    shafts    bul    with    the   standard 

two-valve  arrangement.     The  part   1  supplied   for  this 

engine   is   from  the  cylinder   block   up. 

oral  important  things  are  illustrated  in  Fig.  3. 
First,  the  aluminum  manifold  is  of  the  simplest  design, 
being  merely  a  flaring  elbow  with  a  partition  coming 
down  about  half-way  around  the  elbow  t.i  prevent  surg« 
of  the  mixture  to  some  degree.  The  exhaust-mani- 
fold is  also  of  aluminum.  The  spark-plugs  are  set  at 
an  angle  of  15  deg.  The  end  of  the  screw-pluK  evident 
at  the  rear  end  is  for  closing  the  hole  in  which  the  rotary 
distributor  operates.  In  demonstrating  the  effect  of 
temperature  of  the  distributor,  we  remove  that  plug 
when  the  switch  is  thrown  off  and  pull  it  out  by  hand. 
It  is  warm,  of  course,  but  it  can  be  held  in  the  hands 
when  wearing  cotton  gloves.  The  manifold  is  only  half 
of  a  circle  in  cross-section,  the  other  half  of  it  being  in 
the  head.  It  is  a  plain  milling  operation  to  run  across 
the  head  and  mill  off  the  surface  to  which  the  manifold 
is  bolted. 

On  this  engine  the  accessory  drives  are  transverse  at 
the  front,  and  Fig.  3  shows  also  where  the  generator 
is  mounted.  The  other  side  of  the  engine  exactly  bal- 
ances the  side  illustrated  in  Fig.  3  with  similar  mount- 
ings for  the  water-pump  and  the  ignition  apparatus. 
The  starting  motor  is  in  the  bell  housing;  it  has  a 
standard  S.  A.  E.  mounting.  Two  buttons  are  provided 
to  facilitate  lifting  the  aluminum  cover.  The  center 
one  is  a  hand  nut  and  is  the  only  means  of  holding  the 
cover  down.  Only  about  15  sec.  is  required  to  lift  the 
cover  and  no  tools  are  needed. 

Fig.  4  shows  two  sections  of  this  engine.  The  crank- 
shaft is  made  from  a  solid  billet  and  has  main  bearings 
of  2^2-in.  diameter.  This  shaft  is  a  remarkable  example 
of  good  balance  at  any  speed.  Partly  on  account  of  the 
large  diameter  of  the   bearings   and   partly  on   account 
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Fig.    4 — End   and   Side  Elevations,  Partly   in   Section.  Showing  the  Positively  Operated  Poppet- 

Yalve  and  the  Rotary  Distributor  Valve 


of  the  light  connecting-rods  and  the  light  pistons,  the 
engine  is  practically  free  from  vibration.  The  10-in. 
rods  weigh  only  IV2  lb.  complete.  The  piston,  with  its 
rings  and  pins,  weighs  1  lb.  In  this  case,  the  Ricardo 
type  of  piston  was  used;  it  performed  very  satisfactorily 
and  stood  up  well.  The  thickness  of  the  piston-head  is 
about  1%  in.;  the  walls  are  about  %  in.  thick  below  the 
ring  grooves  and  3/32  in.  thick  at  the  lower  end.  This 
is  not  a  split  type. 

Regarding  the  construction  of  the  cylinder  block  and 
the  crankcase,  the  parting  line  comes  at  the  top  of  the 
bell  housing  and  a  little  higher  than  on  the  average  job. 
The  principal  reason  for  this  is  to  get  the  cylinder 
barrels  to  project  into  the  crankcase  to  serve  as  oil 
traps.  The  main-bearing  supports  are  webbed  and  form 
baffles  over  the  crank  discs.  This  prevents  excessive 
oil  being  driven  into  the  cylinder;  such  oil  as  does  get 
by  is  trapped  again  in  the  case.  The  result  is  that, 
even  though  the  oil  is  maintained  at  a  high  level  so  that 
the  discs  actually  dip,  it  is  impossible  to  make  the  engine 
smoke.    This  is  due  to  the  combination  of  the  two  baffles. 


In  regard  to  the  head,  the  combustion-chamber  is  a 
true  hemisphere.  The  valves  are  set  on  a  slight  angle 
to  balance  the  design.  This  permits  the  camshaft  to 
be  maintained  on  the  center  line  and  also  results  in  a 
more  accessible  valve  mechanism  that  can  be  withdrawn 
from  the  head,  from  the  side  shown,  without  interference. 
The  distributor,  which  is  of  very  simple  construction, 
is  placed  very  close  to  the  valve.  The  pocket  which 
is  formed  by  the  distributor  in  connection  with  the  valve, 
is  regulated  by  its  distance  from  the  valve-seat.  In  this 
case  the  volume  is  12  per  cent  of  the  piston  displacement, 
which  is  41  cu.  in.  per  cylinder.  The  manifolds  are  in 
duplicate,  one  somewhat  above  the  other.  Except  for 
a  lack  of  accessibility,  the  vertical  shaft-drive,  which  is 
mounted  in  bronze  bushings  at  the  top  and  at  the  bottom, 
was  perfectly  satisfactory.  The  oil-pump  is  bolted  to 
the  lower  part  of  the  crankcase  and  is  of  an  ordinary 
gear  type  but  it  has  no  oil-pipe  connection.  It  is  boiled 
on  to  the  bottom  and  the  intake  and  the  delivery  ports 
are  drilled  in  the  crankcase  and  connected  with  steel 
tubes  so  that  the  pump  can  be  taken  off  for  inspection. 


Pig.   5 — Four  Sectional  Views  Showing  the  Relative  Positions    of   the   Distributor   Valve   During   the   Cycle 

From  Left  to  Right  They  Show  the  Piston  at  the  Top  Center  and  the  Exhaust-Valve   Closed  and  the  Intake  Opening  : 

the  Piston  at  the  Bottom  Center  with   the  Intake- Valve  Closing;  the  Piston  at  the  Top  Center  or  the  Beginning  of  the 

Power  Stroke ;   and   the  Piston  at  the  Bottom  Center  with  the   Exhaust-Valve   Open 


XIII 


October,  1928 


No.   | 


rill!  .M)l  KV\I   or  Till    SOCIETY  oi    uttomotive  engineers 


To  put  1  2  mill,  as  it  will 

The  intermediate  bevel- 

-    aae  all  of  the  -• 
<m  of  this  design  is 
ilis- 
mar.'  trpose  the 

dd  be  withdrawn  from 
ad  in  th.-  dis- 

con:  ind  drop  the  crankshaft. 

-•'.own  in  Fig.  5  are  duplicates  of 
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top  and   the  bottom  centers  of  the   cycle.      Fig.   5   also 


lST»IBt/r0 


Ik 

a.    x 


Single  Valve 
Timing   Diograr 


Vahe  - 


Valve  Opens 


Cpen 

Single  Valve 

Open 

/   vLy 

N —   Closed 

ircrhe    Valves 

--      Z'houst  ->J<- ■■Intake 

<  Compression* 

the    Sin<;le-Vai.yk    Engine    iAbovb) 
.m  Relative  Action  of  Single  and  DOUBU  Valves 

-ition  of  the  valve.    In  the  extreme 
■and  view  the  piston  is  at  the  top  center;  the  valve 
and  the  cam  is  in  contact  with  the  roller 
in  the  middle  of  the  dwell  period  or  pause  of  the   . 
tributor  which   runs  counter-clockwise   has 
'1  and  the  exhaust  port  is  about  to  open  the  intake. 
In  the  n«  to  the  right  the  piston  is  at  the  bottom 

r.    The  tly  half-closed.    The  di 

hul     •   •     isibly  slightly  less  than  half 
to  the  intake.    The  cam  in  this  case  is  engaging  the  top 
and  >m  roller  symmetrically. 

In  the  right  central  view  of  Fi>.  5.  the  pistol  i 
the  •  /inning  the  power  stroke. 

I  and  the  cam  is  diametrically  opp 
on.     Th-  otor   rotatei   al   cam- 

,     going 

■!.    In  the  extreme  right-hand  view 
the  |  the  end  of  its 

lished  to  the  exhaust 
port.     The  cam  the    position   assumed   in 

the  ••  It  should  h> 

that   the   valve   ia   comparatively   large   in  diameter  and 


a  port  opening  of  1%  in.;  it  could  be  larger.    The 

cam  shown  opened  the  valve  7  It',  in.;  it  could  be  made 
to  open  the  valve  more  if  this  were  of  any  advantage. 
The  two  Bpark-plugs  point  toward  the  center  of 
combustion-chamber  and  are  as  close  to  the  bottom  of 
the  combustion-chamber  as  it  is  practicable  to  have  them. 
The  upper  diagram  in  Fig.  t>  has  reference  to  the 
enter  position.  The  exhaust-valve  opens  at  the 
usual  period,  the  average  timing  being  45  deg.  from  the 
bottom  center,  and  continues  open  until  the  usual  ex- 
haust-closing period.  At  this  point  the  distributor  per- 
forms its  function;  it  closes  the  exhaust  and  opens  the 
intake.  The  lower  diagram  illustrates  the  difference  in 
the  mechanical  action  of  the  present  two-valve  engine 
from  that  of  the  single-valve  engine.  Assume  that  the 
two  engines  start  to  open  at  the  same  time.  The  single- 
valve  engine  attains  Its  full-open  position  at  the  same 
time  as  does  the  two-valve  engine  and  it  remains  open; 
whereas,  in  the  two-valve  engine  the  exhaust-valve  im- 
mediately closes,  its  intake  opens  and  joins  in  with  the 
other  line  and  completes  the  cycle.  The  cycle  of  the 
single-valve  engine  is  identical  with  that  of  standard 
practice. 

Operation 

The  mechanism  consists  of  one  poppet-valve  per  cylin- 
der and  each  valve  is  opened  at  the  usual  exhaust-valve 
opening-point;  it  remains  open  throughout  the  exhaust 
and  intake  periods  and  is  positively  closed  at  the  usual 
intake  closing-point.  Each  valve  is  supplemented  by  a 
rotary  distributor,  running  at  camshaft  speed,  which 
controls  the  flow  of  intake  and  exhaust  gases  to  and 
from    their   respective   manifolds. 

To  solve  the  problem  of  positively  closing  poppet- 
valves  without  using  springs,  and  thus  to  produce  a 
type  of  engine  that  would  operate  efficiently  at  greater 
speeds  than  are  possible  with  spring-closed  valves,  was 
the  primary  object  of  designing  this  mechanism.  An- 
other object  was  to  reduce  the  temperature  of  the  <  x- 
haust-valve.  The  problem  was  solved,  but  several  other 
advantages  were  discovered  during  the  course  of  develop- 
ment. These  advantages  overcame  many  of  the  difficul- 
and  the  limitations  that  the  engine  designers  and 
the  public  have  had  to  contend  with,  such  as  carbon 
deposits,  regrinding  of  the  valves,  overheating  and 
knocking.  At  the  same  time,  the  design  permits  an 
increased  compression  and  consequent  gain  in  power  and 
efficiency. 

In   the   ordinary   poppet-valve   engine   separate   valves 
provided   for  the  intake  and  the  exhaust  gases.  The 
I  e-valve  is  maintained  at  a  comparatively  low  tem- 
perature at   all  times  by  the   incoming  (_ras,  but  the  ex- 
'  valve    reaches    a    maximum    temperature    of    more 
than    1200   deg.   fahr.     This   is  a   red  heat    and    is  much 
too  hot   to  permit  using  a  compression-pressure 
that    will  obtain  the  bet    results   in  the  development   of 
power,  the  fuel  consumption  and  durability  of  the  valvi 
An    extreme    range   of   temperature   of   the   combustion- 
chamber  exists  in  all  engines  to  date.     The  compression- 
lire   of   .  le   engines    ranges   between   60  and 
80  lb.   per    -').    in.   ga  ue,   or   a   maximum  com- 
lon-ratio  of  4.5  to   I.     Scientific  tests   by   Ricardo 
and   others  have  shown  a  gain   in  power  with   ordinary 
fuel  up  to  a  compression  ratio  of  7.5  to  1,  by  using  some 
means   to  eliminate   detonation.      In   this  case   the   gain 
was  18.7  per  cent.    The  tests  showed  practically  no  i 

on  between  detonation  and  the  temperature  of  com- 
pression. 

Incandescent  spark-plug  points  are  often  a  contribut- 
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ing  cause  of  detonation  in  combination  with  hot  valves, 
but  this  difficulty  has  not  been  found  in  the  development 
of  single-valve  engines  having  a  compression  ratio  of 
6.5  to  1,  which  has  been  employed  with  perfect  success 
in  six-cylinder  engines  used  in  a  standard  car  on  the 
road.  It  has  been  impossible  to  make  this  engine  knock 
during  8000  miles  of  road  test,  even  when  the  engine  was 
stalled  by  using  the  brakes  with  the  throttle  wide-open. 

Development  History 

Fig.  7  illustrates  the  first  application  of  the  single- 
valve  mechanism  to  a  water-cooled  automobile-engine. 
A  single-valve  head  was  adapted  to  fit  a  Chevrolet  en- 
gine; all  of  the  lower  parts  of  the  engine  were  retained 
in  their  original  form.  Some  difficulties  were  experienced 
in  providing  a  drive  for  the  overhead  camshaft,  but  a 
compromise  was  made  by  using  the  water-pump  shaft 
and  running  two  drive-chains  up  overhead.  In  this  case 
the  valves  were  mounted  vertically  in  the  center  of  the 
combustion-chamber,  which  was  not  exactly  hemispheri- 
cal; the  corners  of  the  combustion-chamber  were  at  an 
angle  of  45  deg.  The  reason  the  combustion-chamber 
was  not  made  to  be  a  true  hemisphere  is  *:hat  I  did  not 
appreciate  the  real  value  of  the  hemispherical  form  at 
that  time.  The  distributor  is  made  in  two  sections  in 
this  case,  with  a  tongue  connection  merely  as  a  con- 
venience for  the  foundry  in  making  the  core  which  would 
be  apt  to  sag  if  made  in  one  piece  and  wrould  be  trouble- 
some to  handle.  Helical  spur-gears  drive  the  distributor 
from  the  camshaft  in  this  case. 

When  the  dotted  power-curve  in  Fig.  8  was  taken, 
it  was  with  an  engine  that  was  accurately  fitted  and  that 
had  been  limbered-up ;  it  was  the  best  curve  obtainable 
up  to  that  time  from  that  engine.  When  the  new  head 
was  made,  it  was  fitted  to  a  new  engine  and  was  set-up 
so  tight  that  when  we  put  the  engine  on  the  dynamom- 
eter to  determine  the  friction  load,  we  found  that  7  hp. 
was  required  to  jack  it  over  at  1000  r.p.m.  With  the 
former  engine  only  3  hp.  was  necessary  to  jack  it  over 
at  the  same  speed;  so,  there  was  a  handicap  of  4  hp. 
at  1000  r.p.m. 

In  the  application  of  this  single-valve  principle  to  the 
Chevrolet  engine,   only   standard   parts   were    used   with 


2/ALVL 


i$9J#j») 


■*-. 


pam — «- 


•*fm*&emmmmiB*mm 


65 
60 


55 


50 


45 

L. 

U 

> 

40 

__» 

r 

o 

ib 

-w 

U 

c 

C- 

25 

c 

o 

L 

70 

-t 

o 

O- 

Ol 

15 

o 

: 

(V 

10 

_£ 

n 

5 

<k/ 

4/ 

Of 

VJNA 

RY  u 

T0P3UE 

A  BELL 

VAL\ 

f 

A 

"->., 

A 

7 

^fer 

t 

•v. 

o 


o 
o 


—  —         <N> 


Speed,  r.  p. m. 


Tig.   7 — The  First  Application-  of  the  Single- Valve  Mechanism 
to  a  Water-Cooled  Automobile-Engine 


Fig.    S — Results   of  a   Dynamometer   Test   of  the   Single-Valve 
and  the  Conventional  Cylinder-Head 

the  exception  of  the  cylinder-head  and  the  valve  me- 
chanism. The  compression  pressure  used  on  this  engine 
was  about  115  lb.  per  sq.  in.  gage.  At  a  speed  of  2000 
r.p.m.,  the  engine  with  the  two-valve  head  developed 
34  hp.,  but  with  the  single-valve  head  it  developed  51  hp., 
an  increase  of  50  per  cent.  At  a  speed  of  2400  r.p.m., 
the  original  engine  dropped  to  30  hp.  but,  with  the 
single-valve  mechanism,  it  climbed  to  62  hp.  This  was 
the  highest  speed  at  which  the  dynamometer  tests  were 
made,  owing  to  severe  crankshaft  vibration  resulting 
from  using  a  crankshaft  that  was  too  small  in  diameter 
to  carry  the  increased  power  safely.  The  power  curve 
with  the  single-valve  mechanism  was  a  straight  line  and 
showed  a  slightly  increasing  torque. 

An  application  of  the  single-valve  mechanism  was  then 
made  toa  3^  x  5-in.  six-cylinder  Trego  engine  of  288  cu. 
in.  displacement.  The  first  test  of  the  engine  at  2000 
r.p.m.  on  a  dynamometer  showed  64  hp.  with  a  compres- 
sion pressure  of  80  lb.  per  sq.  in.  The  construction 
of  the  engine  to  which  the  head  was  adapted  would  rot 
permit  the  increasing  of  the  compression  pressure  with- 
out making  a  considerable  change,  but  we  did  gain  a 
decided  increase  in  power  over  the  best  obtained  with 
the  original  valves. 

The  fourth  engine  equipped  is  shown  in  Fig.  3.  This 
is  a  314  x  5-in.  engine  of  249-cu.  in.  displacement  having 
a  115-lb.  per  sq.  in.  gage  compression-pressure.  This 
engine  was  mounted  in  a  standard  Roamer  car  and  given 
road  tests  of  8000  miles,  throughout  which  it  showed 
unusual  performance.  Soon  after  this  car  was  put  into 
commission,  a  hill-climbing  test  was  made  by  a  car 
builder,  who  tested  this  engine  against  his  standard 
make  of  six-cylinder  engine  in  a  car  that  was  showing 
good  average  road-performance.  A  comparison  was  made 
between  the  two  cars,  taking  into  consideration  the  size 
of  the  engines,  the  weight  of  the  cars,  the  size  of  the 
wheels  and  the  rear-axle  gear-ratios.  These  figures  gave 
the   manufacturer's   car   an   advantage   of    12   per   cent. 
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_'0  m.p.h.    A- 
he  frade,  the 
80  m.p.h.  for  the  manufac- 
;i  m.p.h.  for  the  car  with  the  single- 
stationed    on   the 
ay   up  the  hill  and   the  other 
-  k-up  the  results.    The  manufacturer's 
in  half-way  up  the  hill  when 
.  ine  had  finished. 
Thi  .  first,  that  the  single-valve  engine 

■  much  higher  torque  at  low  speeds  and  consequently 
much   bf-  nd,   that    it   has  a   rising 

torque  above  1200  r.p.m..  while  the  torque  of  the  average 
engine  begins  to  fall  off  above  this  speed.  I  might  say 
in  passing  that  the  power  developed  by  this  3%  x  5-in. 
engi:  .  reatly  in  [uirements  of  this 

340O-lb.  car;  the  wheels  spun  to  such  a  degree  when 
accelerating  that,  within  a  month  of  testing,  the  treads 
of  a  entirely  worn-off.  The  acceler- 

ate of  4.18  ft.  per  sec.  per  sec,  or  about 
30  per  cent  better  than  a  good  standard  of  performance. 
The  number  of  revolutions  of  the  engine  is  about  2500  per 


J         ^       \ 


k 


\ 


Types   of   Combustion-Chamber 


U 


Valve-In-Head  Engine 

■  rural    Chamber    Is   a 

Ll     the 

with     No 

keta 


mile,  which  is  only  a  moderate  speed  fur  thi  In 

-mailer  engine  geared  to  turn  about 
per  mile  would  give  a  better  perform- 
ance than  the  average  on  acceleration,  at  least  70  m.p.h. 
at  top  speed,  and  a  greater  fuel-  'per  gal.)  mileage. 

Ft  r  MPTION 

foe]     consumption,    the    test    car,     which 
ned  with  a  passenger  about  1000  lb.,  showed  abou 

.  or  approximately  50  ton-miles  per  gal.  of 
•  erage.     On  a  fuel  t<- 
I,   on   one  of  the   long  concrete   roads   in    Michigan 
where  a   maximum  speed   of  more   than   70  m.p.h. 

.il  times,  the  fuel  consumption  was  21  miles 

per  gal.  ng  arrangement  was  used  tor 

need    for   it   was    found.      This    is 

unvaporized  pari 

joI   in   the  intake-manifold   are  warmed-up  by  con- 

and  the  poppet-valve  which,  in 

turr..  maintai'  a    practically    COTJ 

■hr.     The  incomii .. 
war:-  A\   amount   of   ex- 

irt  between  the  distributor 
and  .  i|  help  in  compl> 

ed  directly  above  the 
ould    ir.  the    fuel    mileage    in    cold 

Ricardo  states  that,  for  every   1   per  cent  of  exh 


gas  added,  the  flame  temperature  is  lowered  45  deg. 
fahr.  Thus,  with  the  12  per  cent  in  the  distributor  and 
in  the  pocket,  the  flame  temperature  is  lowered  to  a 
considerable  degree.  All  this,  coupled  with  the  fact  that 
the  hemispherical  combustion-chamber  is  conducive  to 
more  complete  combustion  than  is  possible  with  other 
forms,  restdts  in  less  heat  being  reqired  in  the  mani- 
fold. Another  way  to  explain  this  function  is  to  say 
that  it  is  the  incoming  gas  that  prevents  the  excessive 
heating  of  the  poppet-valve,  and  that  this  excess  beat, 
being  transferred  to  the  incoming  charge,  does  useful 
work  and  results  in  a  local  hot-spot  for  each  cylinder 
at  the  most  effective  point,  accomplishing  the  desired 
result  without  the  usual  hot-spot.  This  heat  transfer 
specially  valuable  for  the  cold  engine,  because  somi 
of  the  heat  from  the  exhaust  of  the  very  first  explosion 
is  picked  up  by  the  incoming  charge  and  results  in 
normal  operation  in  a  very  few  seconds  even  in  cold 
weather.  It  is  not  necessary  to  enrich  the  mixture  until 
the  entire  engine  has  become  heated  to  its  normal  point. 
The  effect  is  similar  to  that  of  the  fuelizer  and  is  ac- 
complished automatically  without  using  an  extra  volume 
of  fuel  but  is  the  product  of  factors  inherent  with  the 
single-valve  design  and  so  requires  no  additional  me- 
chanism. Popping  back  through  the  carbureter  is  prac-  • 
tically  eliminated. 

Separate- Valve  Difficulties 

Some  of  the  difficulties  met  with  in  an  engine  having 
separate  valves  for  the  intake  and  for  the  exhaust  are: 
first,  that  the  temperature  surrounding  the  exhaust- 
valve  seat  is  so  high  that  water  adjacent  to  these  sur- 
faces boils  and  causes  an  increased  temperature  of  the 
cooling  water.  This,  in  turn,  requires  a  larger  radiator 
and  a  more  efficient  cooling  system  than  is  needed  in  the 
single-valve  type;  second,  when  two  or  more  ports  enter 
the  combustion-chamber,  they  occupy  space  that  other- 
wise would  be  available  for  cooling  surface.  With  the 
single-valve,  only  one  port  enters  the  combustion-chamber 
and  there  is  not  only  an  entire  absence  of  boiling  water 
near  the  valve  seat,  but  about  25  per  cent  more  of  the 
outer  surface  of  the  combust  ion-chamber  is  available  for 
ing.  With  an  undersized  radiator  and  no  fan,  the 
car  was  driven  through  the  mountains  of  western 
Pennsylvania  in  hot  summer  weather  with  no  sign  of 
overheating.  In  fact,  the  motometer  did  not  rise  to  the 
normal  mark  on  the  longest  climbs  of  2500  ft.  above 
sea  level. 

Combustion-Chamber  Form 

In  the  single-valve  engine  the  combustion-chamber  is 
a  true  hemisphere  with  a  machined  surface.  This  form 
of  combustion-chamber,  which  is  permitted  by  the  use 
of  a  single  valve,  is  a  decided  factor  oi  advantage.  At 
the  end  of  8000  miles,  the  machined  surface  was  turned 
to  a  straw  color  and  the  head  of  the  valve  was  blued 
by  the  heat.  These  colors  indicate  that  the  maximum 
temperature  of  the  wall  of  the  combustion-chamber  And 
that  of  the  valve  did  not  exceed  500  deg.  fahr.  and.  afl 
a  result  of  this  comparatively  low  maximum  tempera- 
ture  of  the  valve,  no  warping  or  pitting  of  the  valve  or 
of  its  seat  occurred.  Hence,  the  necessity  of  frequent 
regrinding  of  the  valves  is  eliminated. 

In  to  this,   it  is  interesting  to  note  that  no 

aviation  engines  having  as  high  as  a  6  to  1  compression- 
ratio  are  in  common    u  e,  and  all   engines  using  a  com- 

lion  ratio  of  6  to  1  or  higher  have  great  difficult 
to  the  warping  or  pitting  of  the  exhaust-valves  and  their 
seats    even    when    special    alloy-steels    are    used.      This 
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necessitates  frequent  replacements  and  labor  or  expense 
to  keep  them  running  satisfactorily.  Of  course,  the  use 
of  higher  compression  would  result  in  a  greater  amount 
of  horsepower  if  it  were  not  for  the  fact  that  the  charge 
would  detonate  badly  because  of  the  hot  exhaust-valve. 
When  the  valve  is  kept  below  the  temperature  that  causes 
warping  and  pitting,  it  is  no  longer  a  contributing  cause 
of  detonation. 

In  Fig.  9  the  diagrams  reproduced  further  illustrate 
the  points  I  have  mentioned  in  relation  to  combustion- 
chambers.  At  the  left  is  a  typical  diagram  of  a  two- 
valve  engine.  The  valve  is  in  the  head  and  is  obviously 
at  a  disadvantage  with  the  other  diagrams  so  far  as 
carbon  deposits  are  concerned,  because  the  gases  follow 
different  paths  in  entering  and  in  leaving  the  cylinder 
and  the  walls  of  the  combustion-chamber  are  not  being 
swept  evenly  by  those  gases.  While  the  gases  will  follow 
a  streamline,  the  corners  form  dead  pockets;  the  re- 
verse would  be  true  when  the  other  valve  functioned. 
I  believe  that  the  middle  diagram  of  Fig.  9  illustrates 
a  better  combustion-chamber  than  any  now  being  used, 
but  this  one  was  defective,  as  we  found  it.  After  two 
weeks  of  running  on  the  dynamometer  the  head  was 
removed  and  we  found  carbon  deposited  in  the  corners 
where  the  trouble  had  started.  The  true  hemispherical 
form  of  combustion  chamber  is  shown  in  the  diagram 
at  the  right  in  Fig.  9.  When  gas  enters  from  the  valve, 
it  must  of  necessity  sweep  those  walls  uniformly  and, 
on  leaving  the  cylinder  during  the  exhaust  stroke,  it 
must  sweep  them  again.  So,  the  flow  of  gas  has  a  great 
influence  in  keeping  the  oil-film  in  constant  motion  and 
does  not  permit  it  to  come  to  rest  for  a  long  enough 
period  to  burn-on  any  carbon. 

For  the  first  time  the  practical  use  of  the  hemispheri- 
cal combustion-chamber  is  available  in  combination  with 
the  single-valve  arrangement,  because  the  port  area  is 
not  limited,  as  is  the  case  with  separate  valves.  The 
single  valve  can  be  three-fifths  the  diameter  of  the 
cylinder,  which  is  a  greater  area  than  it  is  possible  to 
3btain  even  with  four  valves  per  cylinder  as  used  on 
some  aviation  and  racing-car  engines.  Not  only  can 
a.  larger  single-valve  be  used  in  a  given-sized  cylinder, 
but  it  can  be  opened  farther  because  its  closing  is  posi- 
ive  instead  of  being  dependent  on  the  limited  speed  of 
springs. 

To  finish  the  hemispherical  combustion-chamber  in 
me  operation  is  a  very  simple  machining  operation, 
ind  it  has  been  discovered  that  this  type  of  chamber, 
n  connection  with  the  single  valve,  prevents  the  ac- 
'umulation  of  carbon  deposits  even  though  the  engine 
s  run  with  an  over-rich  mixture  or  with  a  piston  that 
lumps  oil.  The  reason  for  this  is  found  to  be  that  the 
rases  passing  in  and  out  of  the  combustion-chamber 
hrough  the  same  path  keep  the  oil  film  in  constant 
notion  and,  as  no  pockets  are  provided  for  the  oil  to 
odge  in  out  of  the  streamline  of  the  gases,  it  cannot 
ome  to  rest  for  a  long  enough  period  to  carbonize,  espe- 
ially  when  the  temperature  of  these  walls  is  maintained 
:t  such  a  comparatively  low  point.  These  features  make 
t  evident  that  the  outstanding  advantage  of  a  single- 
alve  engine  is  a  thermal  one  and  that  the  lower  tem- 
■erature  of  the  combustion-chamber  walls  eliminates 
he  difficulties  encountered  in  the  past  and  permits  the 
se  of  much  higher  compressions. 

Mechanical  Features 

In  considering  the  mechanical  features  of  this  design, 

refer  first  to  the  distributor,  which  is  a  single  revolv- 

ng  element  made   of  cast   iron  and   cored-out   to   save 


weight.  For  the  average  engine  the  diameter  is  about 
2  in.,  and  an  ordinary  running  clearance  of  from  0.003 
to  0.005  in.  is  used.  From  the  beginning  absolutely  no 
difficulty  due  to  sticking  has  been  experienced;  the  dis- 
tributor does  not  get  hot  enough  to  distort  or  to  burn- 
off  the  oil-film  that  is  picked  up  from  the  gases  and  is 
always  present.  The  distributor  controls  the  flow  of 
both  the  hot  and  the  cold  gases  and  a  moderate  tempera- 
ture is  consequently  maintained,  never  becoming  high 
enough  to  color  the  metal  even  to  a  shade  of  light  straw. 
The  distributor  should  not  be  confused  with  a  rotary 
valve,  as  such,  for  the  very  obvious  reason  that  it  does 
not  hold  either  the  compression  or  the  explosion  pres- 
sure nor  does  it  come  into  contact  with  the  gas  during 
combustion.  The  poppet-valve  holds  the  compression  and 
the  explosion  pressures  and  thereby  shields  the  dis- 
tributor from  any  pressure  except  that  in  the  manifolds, 
which  is  comparatively  low.  For  this  reason,  the  oil- 
film  on  the  distributor  is  sufficient  to  seal  it  effectively 
and  the  engine  idles  as  well  as  any  other.  The  test  car 
could  be  throttled  down  to  less  than  3  m.p.h.,  and  it 
accelerated  rapidly  without  any  sign  of  loading. 

Manifold  Design 

One-half  of  each  of  the  intake  and  the  exhaust-mani- 
folds is  cast  into  the  head.  This  is  done  for  the  follow- 
ing reasons: 

(1)  Such  a  construction  makes  a  much  simpler  job 

for  the  foundry,  because  the  cores  are  sup- 
ported the  entire  length  of  the  head  and  act 
as  gas  vents 

(2)  The    casting    can    be    inspected    better    for    im- 

perfections, since  it  is  possible  to  look  straight 
through  the  ports  from  one  side  to  the  other 

(3)  If  desired,  the  intake-manifold  can  be  polished 

on  the  inside 

(4)  A   very    compact    arrangement    is    secured;    the 

manifolds  project  less  than  half  the  usual 
distance 

(5)  One-half    of   the    intake-manifold    is    heated    by 

the  water-jacket  to  a  desirable  temperature 
and,  on  the  other  hand,  one-half  of  the  ex- 
haust-manifold is  cooled  to  a  desired  tempera- 
ture so  that  the  difference  in  the  amount  of 
heat  escaping  under  the  hood  is   considerable 

(6)  About  30  per  cent  less  water-cooling  system  is 

required  than  with  other  engines  of  equal 
size 

(7)  Aluminum  exhaust-manifolds  can  be  used  with- 

out danger  of  melting 

The  sectional  view  shown  in  Fig.  10  is  included  for 
reference  with  regard  to  manifold  and  other  design  fea- 
tures. I  focused  my  attention  on  the  positive  operation 
of  the  valve  and  drew  charts  to  determine  what  kind  of 
cam  would  be  required  to  eliminate  lost  motion. 

The  fulcrum  point  for  the  rocker-arm  is  integral 
with  the  bearing  cap  which  must,  of  necessity,  fit  the 
camshaft.  In  this  case  the  rollers  have  a  3/4-in.  outside 
diameter  and  each  has  a  7/16-in.  hole.  They  revolve 
on  hardened  bushings  having  5/16-in.  holes.  An  or- 
dinary cap-screw  is  used  to  hold  the  bearing  cap  in 
place.  If,  after  a  long  enough  time,  the  distance  between 
the  rollers  is  enough  to  cause  noise,  we  simply  pull  the 
bolt  out,  remove  the  top  rollers  and  replace  them  with 
others  that  are  over-size.  The  connection  to  the  valve- 
stem  is  merely  a  rounded  end;  it  would  be  made  by  a 
stamping  process  and  ground  to  size.  The  collar  is  an  in- 
tegral part  with  a  castellated  head  and  is  a  simple  ma- 
chining job.     It  has  been  suggested  that  this  collar  be 
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mad- 

'.lar.  but  it  is  not 

adjustment  is  required 

on  a  small  p.:  rthwhile.    If  it  wears  out, 

a  fev.  so,  it  is  not  worthwhile 

Hbchanism 

this  engine  the  most 

■  ;    sitively  controlling  the 

■valve.     This   valve  opens  with  ex- 

with   intake-ili  sing  timing  BO 

very  different  from  that  used  with 

sepa:  operates  a  rocker-arm  having 

acts  for  opening  and 
ng  the  valve.    For  proper  timing  of  the 
.  h  a  form  that  it  is  in  contact  with 
both  rollers  in  all  its  positions. 

The  rocker-arm  is  of  such  a  length  that  its  angular  mo- 
tion JJ  and  the  valve  opens  twice  the  dis- 
tance of  the  cam-action  throw.  With  a  valve  opening  7  L6 
•  ne  lever  moves  only  3  deg.  on  either  side  of  its  cen- 
tral position  and  produces  the  minimum  side-thrust  on 
the  valve-stem.  Thus,  the  simplest  possible  mechanism 
fills  the  requirem. 

The  cam  shown  in  Fig.  10  opens  the  valve  45  deg.  be- 
fore the  bottom  center  and  stays  open ;  the  distributor 
shifts  the  manifolds  at  the  top  center  and  the  cam  cli 
the  valve  at  45  deg.  after  the  bottom  center  on  the  com- 


t  ft 
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pression  stroke.    Thus,  the  valve  opens  but  once  for  each 
power  impulse. 

other  important  detail  is  the  difference  in  the 
Of  acceleration  and   deceleration  of  the  valve   in  opening 
and  closing.  The  valve  leaves  the  seat  at  about  four  times 
the  speed  with  which  it  approaches  the  latter  in  closing. 
This  is  desirable  for  power  and  for  silent  operation.   The 
variation  in  the  speed  of  the  valve  is  due  to  the  relation 
of  the  angular  motion  i>(  the  rocker-arm  to  the  dire 
of  rotation  of  the  camshaft.     This  action  corresponds  to 
that  of  a  cam  having  a  carefully  designed  ramp  but,  in 
this  design,  it  is  accomplished  by  the  combination  of  the 
arrangement  of  the  rollers  on  the  rocker-arm  and  the  di- 
rection of  rotation  of  the  camshaft.     The  valve  actio 
unusually  silent  and  the  valves  do  not  chatter  at  full  speed 
as  is  the  case  with  a  spring-closed  valve. 

Valve  Adjustmeni  and  Gearing 

The  adjustment  of  the  valve  is  by  the  grooved  collar 
threaded  to  the  valve-stem  and  provided  with  a  castellated 
head  for  a  cotter-pin.  In  adjusting  the  valve  the  propel 
procedure  is  to  draw  the  valve  to  the  seat,  back  it  off  one 
notch  and  then  insert  the  cotter-pin.  It  is  not  necessary 
to  hold  the  valve  against  its  seat  mechanically.  About 
one-half  the  usual  amount  of  tappet  clearance  is  used. 
This  system  cannot  be  used  with  separate  valves,  as  the 
exhaust-valve  would  be  drawn  from  its  seat  during 
suction  stroke.  The  valve  is  constantly  turning  in  rela- 
tion to  the  valve-seat,  since  there  is  no  spring  to 
strict  it. 

This  type  of  engine  requires  a  vertical-shaft  drive  for 
the  overhead  camshaft,  and  I  have  found  it  satisfactory 
in  every  way.  The  usual  gear-noise  is  not  present,  bet 
there  is  no  reversal  of  torque  in  the  shaft  due  to  the  ab- 
sence of  valve-springs  and  also  to  the  fact  that  there 
is  but  one-half  the  number  of  valves  to  operate,  which 
reduces  the  load  on  the  shaft  to  less  than  one-half  that 
which  is  present  in  other  engines. 

Two  advantages  of  using  gears  for  the  overhead  drive 
are    (a)    that   they  are  about  one-half  the  diameter 
quired   in   the  present   standard   types  and   so  the   b 
speed  is  correspondingly  less  and   tb)   that  they  can  be 
adjusted  accurately   for  meshing  properly,  which  is  not 
possible   with   gears   on    parallel   shafts   that    have    fi 
centers.   The  cost  of  the  four  small  gears  does  not  e> 
that  of  the  usual  two  large  ones.     It  is  universal  prac 
to  use  the  overhead  camshaft  on  aviation  and  racing 
engines;  many  of  the  later  European  passenger-cars  and 
a  few  cars  that  are  built  in  the  United  States,  are  using 
it  successfully,  also.      I    predict    that    the  overhead  cam- 
shaft   will   become   the  standard    method    in    the   future 
because  of  the  inn-eased  efliciency  and  accessibility 
it  provides. 

One  very  great  advantage  of  the  overhead-camshaft  <le- 

sign  is  the  extreme  accessibility.   Because  the  entire  valve 

nanism  is  upperni'  adjustment  can  be  made 

with   little   effort   and    no  allowance   need    be   made   in   ad- 

ng  the  tappet   clearance  for  a  hot  and  a  cold  engine 

required  with  long  v;  d  push-roil       The 

entire  head  can   be  removed   within    15  min.,  and  the 

tire  valve  mechanism  can   be  adjusted  on   the  bench  if 

red.     For  a  test,   1   have  removed  the  camshaft   from 

the  engine  in   1  I   2  min.,  purposely  disarranging  the  ad- 

■  of  the  valves  while  doing  so.    The  reassembling 

ment  of  the  valves  was  ac- 

plished  within  6  min.     Thi  nbling  time  i  ai 

be  approached  with  any  other  type  of  engine.   The  timing 

of  the  camshaft  and  of  the  distributor  is  done  after  the 
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engine  is  assembled  and  entirely  by  gears  in  the  head.    A 
vernier  adjustment  permits  a  setting  within  2  deg. 

Cost 

Contrary  to  the  popular  idea,  a  well  designed  overhead- 
camshaft  engine  is  no  more  expensive  to  build  than  other 
types.  Owing  to  the  comparative  simplicity  and  com- 
pactness of  the  crankcase  and  the  cylinder  block,  a  con- 
siderable saving  is  effected  in  the  cost  of  these  parts  and 
in  the  weight  of  the  engine.  This  3*4  x  5-in.  six-cylinder 
engine  without  its  accessories  weighed  only  360  lb. ;  the 
small  weight  is  accounted  for  partly  by  the  fact  that  the 
greatest  width  of  the  cylinder  block  or  head  is  5  1  2  in. 
Also,  the  machining  operations  cost  less  because  the  de- 
sign of  the  mechanism  is  simpler  than  is  usual.  The  head 
for  an  overhead-camshaft  engine  is  more  expensive  to 
build  than  that  for  other  types  but,  as  the  mechanism  is 
more  compact,  the  cost  of  the  parts  is  less  and  the  total 
saving  in  weight  for  the  complete  engine  is  about  20  per 
cent.  Both  material  and  labor  costs  are  less  than  for  an 
L-head  engine  of  an  equal  bore  and  stroke. 

THE  DISCUSSION 

V.  A.  NlELSON: — How  is  the  distributor  lubricated? 

R.  Abell: — The  engine  that  was  built  in  Detroit  had 
no  means  provided  for  lubricating  the  distributor  other 
than  such  oil  as  it  got  from  the  engine  cylinder.  When 
the  engine  was  put  on  the  dynamometer  for  test,  I  put 
i  the  distributor  into  its  bearings  when  it  was  bone-dry ; 
j  m  oil-film  was  established  automatically  as  soon  as  the 
mgine  started. 

The  Trego  engine  was  built  with  a  distributor  30  in. 
ong,  in  one  piece,  and  no  trouble  due  to  distributor 
.varpage  occurred.  A  means  of  lubricating  the  distrib- 
l  itor  was  provided  by  drilling  small  holes  from  the  cham- 
ber containing  the  camshaft  in  between  the  ports,  so  that 
he  oil  which  always  is  present  in  the  head  would  trickle 
down  through  these  holes  and  provide  sufficient  lubrica- 
:ion;  but,  within  about  30  min.,  we  plugged  these  holes 
ihut  because  they  provided  oil  enough  to  make  the  engine 
mioke.  The  distributor  never  required  any  additional 
ubrication.  Some  oil  is  always  going  out  with  the  ex- 
laust  gas,  sufficient  in  amount  for  this  purpose. 

Question  : — How  much  clearance  is  allowed  between 
:he  distributor  and  its  bearing? 

Mr.  Abell: — The  distributor  clearance  is  about  the 
;ame  as  is  allowed  for  the  piston.  It  appears  not  to  make 
nuch  difference  whether  the  clearance  is  0.003  or  0.006 
n.  I  have  run  a  distributor  that  had  a  clearance  of  0.012 
n.  and  it  did  not  show  1  lb.  of  difference  on  the  dynamo- 
neter.  When  the  engine  is  idling  at  low  speed  the  amount 
if  clearance  makes  a  slight  difference.  This  results  in 
i  greater  amount  of  dilution;  that  is,  the  vacuum  in  the 
ntake  draws  over  more  exhaust-gas  and  dilution  occurs 
o  such  a  degree  as  may  cause  a  cylinder  to  miss  and  thus 
levelop  irregular  running;  but  the  engine  will  not  stop. 
Vith  a  large  distributor  clearance,  the  engine  will  run 
tt  less  than  180  r.p.m. 


Question  : — Why  does  not  the  cooling  water  heat-up 
under  the  conditions  you  have  specified? 

Mr.  Abell: — The  explanation  is  complicated;  the  four 
contributing  factors  are 

(1)  The  valve  does  not  reach  half  the  present  maximum 

temperature  of  the  ordinary  valve,  and  no  hot- 
spots  are  present  to  boil  the  water 

(2)  The  hemispherical  combustion-chamber  presents  a 

minimum  of  heat-absorbing  surface  to  the  hot 
gases  and  has  a  maximum  of  cooling  surface  in 
contact  with  the  water;  in  addition,  it  permits 
more  complete  combustion 

(3)  The    higher    compression-pressure    permitted    also 

improves  the  combustion  so  that  there  is  a  lower 
average  temperature  of  the  exhaust  gas 

(4)  The   additional    exhaust-gas   taken  back   with   the 

new  charge  reduces  the  maximum  flame-tempera- 
ture  by  several   hundred  degrees  fahrenheit. 

All  of  the  four  factors  enumerated,  considered  together, 
reduce  the  temperature  of  the  cooling  water  as  compared 
with  that  of  ordinary  types  of  engine  having  separate 
valves. 

Ricardo  states  that,  when  changing  compression  on  his 
test  engine,  the  exhaust-pipe  will  become  red-hot  for  a 
certain  distance  under  the  lower  compression-pressure. 
He  says  that  when  he  increases  the  compression-pressure, 
the  red-hot  section  is  shortened  in  proportion  to  the 
amount  of  the  increase  in  the  compression-pressure.  He 
says  also  that  each  1  per  cent  of  exhaust  gas  added  to  1he 
fuel  charge  reduces  the  flame-temperature  45  deg.  fahr. 
This  reduction  in  the  flame-temperature  was  what  I 
sought  to  accomplish. 

Question  : — Have  you  made  any  test  in  which  you  used 
only  one  spark-plug? 

Mr.  Abell: — All  tests  were  made  when  using  single 
ignition. 

Question  : — What  is  the  amount  of  pressure  of  the 
valve  against  its  seat? 

Mr.  Abell: — The  only  pressure  against  the  valve-seat 
is  that  produced  by  inertia  and  by  gas  pressure.  The 
valve  is  not  pulled  against  its  seat  mechanically.  When 
the  engine  is  not  running,  the  valve  is  not  resting  against 
its  seat;  by  taking  hold  of  the  valve-stem,  the  valve 
can  be  spun  around.  The  adjustment  is  to  draw  the 
valve  against  its  seat,  so  that  it  can  be  felt  to  touch 
its  seat,  and  then  to  back  it  off  for  1  or  2  points  of  the 
castellated  nut  and  insert  the  cotter-pin. 

Question  : — Have  you  ever  operated  the  engine  with  a 
combustion-chamber  that  was  not  machined? 

Mr.  Abell: — Yes.  On  the  Chevrolet  engine  used,  the 
combustion-chamber  was  not  a  true  hemisphere  and  it 
was  not  machined.  Running  under  115-lb.  per  sq.  in.  gage 
pressure  and  after  a  two-week  run,  slight  signs  of 
"pinking"  were  noticed.  We  found  some  traces  of 
carbon  deposit  in  the  corners  of  the  combustion-chamber, 
but  this  would  not  have  occurred  if  the  combustion- 
chamber  had  been  a  true  hemisphere  in  form. 
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Ay  I  alizing    on    the   benefits    conferred    on 

•.us  transferred  to  mankind  by  the 
-  the  duties  of  the  engineer 
.     ..        and  describes  the  atti- 
..rd  the  other, 
an  attitude  that  is  too  often  unfavorable. 

his  is  due  simply  to  a  lack  of  co- 
operation, to  the  differences  in  their  training  and  edu- 
•    e  differences  in  the  requirements  of  the 
-.he  author  analyzes  these  requirement*  in 
:udes   that   the   engineer,   as   the 
lid    have   the   confidence   and    the   enthu- 
!i   of   an   organization,   supply   all   of   the    depart- 
th  the  energizing  power  and  be  the  dynamo; 
and   that   the   production    manager,   as   the   producer, 
lid   embody   the   conservatism   of   an    organization, 
be  the  motor  and  not  the  dynamo.     The  two  positions 
should  constitute  a  close  working  harmonious  unit. 

THROUGHOUT  the  last  century,  the  engineer  has 
marvelous  evidence  of  a  continuous  growth. 
His  development  of  town  and  countries  ex- 

emplify this;  as  do  also  his  development  of  industry,  his 
employment  of  labor  and  the  improvement  of  labor  con- 
ditions, the  phenomenal  advance  in  numbers  of  products, 
his  development  of  the  modern  home  and  his  service  to 
the  entire  world  of  intellectual  people  and  barbarians  as 
well.  Examples  of  some  of  the  late  proofs  of  his  service 
are  the  automobile,  the  airplane,  wireless  communication 
and  electrified  railways.  Thousands  of  other  improve- 
ments are  products  of  the  brain  of  the  engineer;  he  is 
the  creator  and  is  recognized  as  such  by  the  populace. 
The  names  of  Edison,  Steinmetz,  Marconi,  Haynes,  Ford 
and  many  others  are  all  household  words.  They  are  en- 
gineers in  the  progress  of  science,  of  invention  and  of 
service  to  humanity;  they  have  given  proof  of  the  growth 
of  engineering  service.  The  engineer  stands  preeminent 
in  the  shouldering  of  responsibility  and  in  the  safeguard- 
ing of  human  life.  The  safety  of  a  bridge,  of  a  building, 
of  riding  in  an  automobile,  a  train  or  any  passenger  con- 
veyance is  due  to  the  training,  perseverance  and  knowl- 
edge of  the  engineer.  His  work  is  not  alone  the  subject 
of  inventive  planning  and  building;  he  must  always  have 
in  mind  that  a  deep  and  far-reaching  responsibility  is 
humanity  suffers  for  any  false  move  or 
wrong  calculation.  In  no  other  profession  are  as  exact- 
demands  made. 
en  we  stop  to  consider  the  possible  consequences  of 
the  mistaken  judgment  of  an  engineer,  we  can  realize  his 
We,  as  engineers,  invent,  plan  and  build, 
at  all  times  sail  ice  and 

lild  well,  serve  well  and  please  the 
.  judging  public.    That  the  engineer  has 
•  -ults  is  fully  demonstrated  in  our 
ome  into  contact  with  the  products 
of  hi  But  he  is  not  infallible,  nor  is  he  free 

to  which  all  men  of  init.  sub- 

beme  of  life,  but  only 
as  i ■•  Probably  1 1  it  co- 

oper h  whom  r  into  contact  is  the  produc- 

tion r  or  the   brain  that  makes  the  engineer's 

id<-.-:  lity. 

i    Axle    Co.,    Cleveland. 


Engineering  and  Production 

Leaving  out  of  consideration  the  subjects  of  final 
equipment  and  organization,  although  they  are  essentia] 
in  the  progress  of  engineering,  tin-  object  of  this  paper 
is  to  point  out  the  cooperative  spirit  that  is  so  necessary 
between  engineers  and  the  men  responsible  for  produc- 
tion. 

When  we  pause  to  consider  the  position  of  the  produc- 
tion manager,  we  must  realize  that  his  pathway  is  not 
one  on  which  he  goes  Rolls-Roycing  over  boulevards.  He 
has  his  sharp  turns  to  make  and  his  rough  roads  to  co\ 
the  semaphore  is  probably  thrown  to  "stop"  for  him  as 
often  as  it  is  for  the  engineer.  However,  the  rough  roads, 
sharp  turns  and  stop  signs  do  not  bother  a  production 
man;  he  has  the  reputation  of  being  a  good  driver.  "Ask 
the  men  he  has  driven." 

Many  compliments  have  been  paid  the  engineer  by  en- 
gineers, but  let  us  put  the  engineer  into  the  heart  and 
the  mind  of  the  production  manager  and  see  ourselves  as 
he  sees  us.  Then  our  beautiful  pedestal  has  crumbled 
away  and,  somehow,  we  have  tumbled  into  the  big  mass 
of  humans. 

I  have  asked  the  production  manager  his  definite 
opinion  of  an  engineer.  He  thinks  an  engineer  is  a  "nut" 
who  sits  in  an  office  that  has  its  walls  plastered  with 
diplomas,  degrees  and  dust;  who  wears  a  woe-begone  ex- 
pression on  his  face,  feeds  on  the  end  of  a  pencil  and 
carries  his  brains  on  a  slide  rule;  whose  talk  is  confined 
to  stresses,  bending  moments,  section  moduli,  theorems 
and  isms;  who  can  tell  you  more  about  the  thing  you 
know  nothing  about  and  do  not  want  to  know  and  less 
about  the  thing  he  knows  and  thinks  you  should  know, 
than  any  other  being  on  earth. 

But  the  production  or  the  factory  manager  does  not 
have  a  monopoly  on  thought.  The  engineer  defines  the 
production  manager  as  a  well-fed,  ruddy-faced  individual 
who  sits  in  an  office  far  removed  from  the  engineering 
office  and  who  thinks  only  in  terms  of  jigs,  tools,  fixtu 
machinery,  cores  and  patterns  and  production  figures. 
The  walls  of  his  office  are  usually  a  maze  of  charts,  black- 
boards and  "the  schedule";  his  favorite  opening  speech 
to  those  who  enter  is  "Well,"  and  his  password  to  those 
who  leave  is:  "Sure,  we  can  make  anything,  but  remem- 
that  this  plant  is  not  run  as  a  charitable  institution." 

What  is  the  reason  for  these  two  so  opposite  defini- 
tions? Is  it  due  to  a  lack  of  cooperation  on  the  part  of 
engineers  and  production  managers,  to  the  differences  in 
their  training  and  education  or  to  the  differences  in  the 
requirements  of  the  two  positions  in  an  organization?  It 
may  be  due  to  a  feeling  on  the  part  of  both  that  they 
have  not  taken  full  advantage  of  their  opportunities. 
The  engineer  may  feel  that  he  has  not  labored  in  the 
shops  and  familiarized  himself  with  the  problems  of  pro- 
duction. The  production  r  may  realize  that  he 
has  not  fortified  himself  with  a  knowledge  of  i 
ing.  Thus  both  men  would  be  in  a  position  of  being 
always  on  their  guard 

It  is  a  perfectly  natural  desire  on  the  part  of  each  one 
of  us  to  wish  to  be  intelligent  and  to  hold  our  own  in  dis- 
cussion incident  to  our  special  business.  As  a  rule,  the 
production  manager   is  a  man  who  has  worked  his 
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up  step  by  step  through  the  ranks  at  the  factory;  he  has 
lived  with  the  purr  of  the  wheels  in  his  ears  and  has 
rubbed  shoulders  with  his  fellow  men  from  the  sweeper 
to  the  superintendent;  blueprints  have  been  his  Bible. 
He  has  learned  that  press  fits  are  possible  only  in  certain 
limit  dimensions,  that  a  straight  line  is  the  shortest  dis- 
tance between  two  points  and  that  simplicity,  accessi- 
bility and  machinability  spell  speed,  reduced  costs  and 
profits.  His  mind  is  trained  to  read  a  blueprint,  not  as 
a  work  of  art,  but  as  a  dollars-and-cents  proposition. 
His  viewpoint  of  a  blueprint  is  not  as  a  finished  product, 
but  as  a  series  of  operations  to  be  performed  by  ma- 
chinery for  which  his  factory  is  or  is  not  fitted.  He  sees 
the  doughnut  from  the  mixing  of  the  dough  through  its 
various  stages  to  the  final  fried  cake  and  its  final  con- 
version into  "dough" ;  but  the  engineer  sees  a  hole  sur- 
rounded by  a  ring  of  browned,  crispy,  delicious  cake  that 
pleases  the  eye  and  appeases  the  appetite.  Both  men  are 
optimists,  but  one  views  the  doughnut  as  a  commercialist 
and  the  other  as  an  appeal. 

However,  it  should  be  borne  in  mind  that  the  appeal 
must  always  be  made  just  before  the  instinct  of  commer- 
cialism has  its  opportunity  and,  in  making  his  appeal, 
the  engineer  of  today  will  discover  that  success  requires 
of  him  a  more  complex  knowledge  of  business  essentials 
than  was  required  of  his  brother  of  yesterday.  That  he 
confines  himself  to  the  problems  of  design  and  to  en- 
gineering alone  is  not  sufficient ;  he  should  fortify  him- 
self with  a  knowledge  of  production,  the  methods  of  ma- 
chining, the  costs  of  manufacturing  and  the  possible 
commercial  limits  of  machine  operations.  He  should  take 
a  course  of  training  in  the  factory  or,  through  a  close  co- 
operation with  the  production  manager,  gain  step  by  step 
a  general  knowledge  of  production  requirements  and  of 
the  instincts  of  commercialism. 

The  production  manager  also  can  learn  from  the  en- 
gineer facts  that  will  make  him  a  more  valuable  factor 
in  his  organization.  We  all  have  heard  the  remark  made 
by  the  production  department  to  the  effect  that,  if  the 
engineering  department  had  used  an  ounce  of  horse  sense 
and  got  down  to  brass  tacks  on  such-and-such  a  de- 
sign, profits  would  have  been  made  instead  of  having  a 
receiver  at  the  helm.  In  all  of  this,  there  may  be  some 
justification.  Many  business  failures  have  been  defined 
by  A.  R.  Erskine,  president  of  the  Studebaker  Corpora- 
tion of  America,  as  follows :  "First,  the  lack  of  simplicity 
and  directness  in  methods ;  second,  to  rely  too  much  on 
theory  and  guesswork  and  too  little  on  facts." 

"Cooperation"  an  Essential  Slogan 

Business  policies  or  decisions  based  on  pure  opinions 
lead  to  definite  trouble  that  a  direct  diagnosis  and  co- 
operation on  the  part  of  departmental  heads  would  avoid. 
No  business  can  be  run  unless  all  departments  have  the 
■essential  facts  in  hand.  To  conceive,  to  design  and  to 
invent  are  simple  enough  for  those  who  are  technically 
trained  but,  if  we  are  not  in  accord  with  the  funda- 
mentals of  production,  simple  and  direct  in  our  adminis- 
trating and  manufacturing,  we  have  failed  as  progressive 
engineers  of  the  times.  We  should  exercise  caution  and 
cooperation  before  taking  action  on  engineering  designs, 
and  our  nearest  co-partner  should  be  the  production 
manager. 

The  time  to  gain  his  confidence  and  to  benefit  by  the 
cooperation  and  ability  of  the  production  manager  is  not 
after  a  design  has  been  completed  and  put  into  produc- 
tion but  at  the  time  of  its  inception.  Let  him  criticize, 
tear  apart  and  make  suggestions.  With  the  proper  spirit 
of  cooperation  that  is  essential  in  any  well-regulated  or- 


ganization, we  will  be  surprised  to  find  that  brains  are 
brains  whether  in  the  head  of  an  engineer  or  that  of  a 
production  manager.  The  combination  of  these  brains, 
working  in  close  cooperation  in  an  organization,  will  re- 
sult in  the  saving  of  millions  of  dollars  to  industry  that 
are  now  wasted.  Every  design,  every  detail  and  every 
drawing  that  is  not  the  subject  of  study  and  discussion 
with  the  production  manager  adds  its  small  or  large  quota 
to  the  already  large  waste  of  materials,  effort  and  money. 

When  we  stop  to  consider  what  the  saving  of  a  pound 
of  material  on  a  volume-production  basis  means,  we  can 
grasp  the  necessity  for  this  close  cooperation  between 
production  and  engineering.  The  slight  changing  of  a 
pattern,  the  adding  of  a  boss,  the  changed  location  of  a 
drilled  hole,  all  simple  operations  and  appearing  to  be  of 
little  consequence,  may  constitute  the  difference  between 
a  profit  or  a  loss  on  a  product.  The  expense  of  tooling, 
of  manufacturing  and  of  assembling  are  determined  by 
the  design.  Therefore  it  is  to  the  advantage  of  a  manu- 
facturer to  study  carefully  his  engineering  and  produc- 
tion departments  and  see  that  they  live  in  the  same 
house.  The  engineer,  as  the  creator,  should  have  the 
confidence  and  the  enthusiasm  of  the  organization.  He 
should  supply  all  departments  with  energizing  power; 
he  should  be  the  dynamo.  The  production  manager,  as 
the  producer,  should  be  the  brakes  and  the  conservatism 
of  an  organization.  He  should  be  the  motor  and  not  the 
dynamo. 

Last  fall  the  Society  held  a  Production  Meeting  at 
Detroit,  the  first  of  its  kind  held  by  the  Society  and  prob- 
ably the  best  attended  professional  meeting  of  the  So- 
ciety. The  second  Production  Meeting  will  be  held  at 
Cleveland  this  month,  and  this  meeting  is  drawn  to  your 
attention  to  show  that  the  question  of  production  on  a 
quality  basis  is  having  the  attention  of  engineers.  Efforts 
are  being  made  to  draw  the  production  and  the  engineer- 
ing departments  into  the  close  harmony  and  cooperation 
that  is  desirable  if  we  are  to  serve  the  public  honestly 
and  to  the  best  of  our  ability. 

Future  Demands 

I  have  endeavored  to  point  out  briefly  the  responsi- 
bilities of  the  engineer  and  of  the  production  manager 
and  to  show  that  the  two  positions  should  constitute  a 
close  working,  harmonious  unit.  That  this  condition 
does  not  exist,  in  many  cases,  is  demonstrated  by  the 
changing  requirements  of  the  engineer.  He  is  being 
urged  to  take  up  the  problems  of  manufacturing  and 
production. 

In  many  manufacturing  organizations  the  production 
engineer  is  becoming  a  reality.  He  is  the  technically 
trained  man  who  steps  into  manufacturing  with  a  double- 
barreled  knowledge  at  his  command,  that  of  engineering 
and  manufacturing.  In  some  cases  the  production  en- 
gineer is  an  intermediate  between  the  manufacturing 
and  the  engineering  departments,  the  man  within  the 
organization  who  makes  final  decisions  on  engineering, 
manufacturing  and  quality.  Where  we  find  the  pro- 
duction engineer  in  this  position,  we  will  find  an  organ- 
ization slightly  out  of  tune.  Cooperation  probably  exists, 
but  the  question  of  the  volume  of  production  is  uppermost 
and  probably  is  demanded  of  the  production  manager; 
this  results  in  a  lowering  in  the  quality  of  the  product 
in  the  anxiety  to  meet  the  production  schedules.  The 
production  engineer  in  this  organization  fulfills  a  most 
valuable  service.  He  is  familiar  with  the  engineering  re- 
quirements of  the  product;  he  sits  in  judgment  on  the 
quality  of  workmanship  and  manufacturing  that  is  to  be 
acceptable  as  the  finished  product;  he  is  engineer,   in- 
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specter  and  ma;  abined  in  one.     But  he  is     dependent  upon  each  other  to  a  greater  extent  than  are 
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lume-production  orgai 

and  the  production 
•;  problems  of  engineer- 


Th-  tion  manager  and  the  produc- 

to  industry.    They  are 


the  heads  of  other  departments.     Therefore  it   is  the 

duty  Of  each  of  these  other  heads  of  industrial  depart- 
ments, oftentimes,  to  smother  his  pride,  to  give  and  take, 
to  work  hand  in  hand  and  to  cooperate  so  thai  industry 
can  progress  in  economy,  quality  anil  service  to  all  the 
peoples  of  the  earth. 


TESTING   OF   MATERIALS  AND   ITS   EFFECT 

ON    ENGINEERING 


■hided  from  />.  300) 


Whitney  Slaght: — Would  it  be  possible  to  use  the 
same  methods  for  testing  aluminum  alloys  as  for  alloys 
•el  ? 

Professor  Upton: — So  far  as  fatigue  testing  is  con- 
rk  them  in  the  same  way. 

Mr.  Slaght: — Then  the  properties  of  aluminum  alloys 
do  not  require  a  different  method  of  testing  than  tl 
•el? 

Professor   Upton:— If    they    are    intended   to    with- 

•  el,  they  should  be  t. 
in  the  same  way. 

W.  R.  Gordon: — What  does  Professor  Upton  consider 
the  proper  uses  of  aluminum  bronze?  What  are  its  pos- 
sibi!  i  bearing-metal? 

Professor  Upton  : — Do  you  mean  a  10-per  cent  alum- 
inum bronze?  This  will  have  a  tensile-strength  of  about 
100,000  lb.  per  sq.  in. 

Mr.  Gordon  : — Yes.     Would  you  consider  it  a  proper 

taJ  for  worm-gear 

Professor  Upton:— I  would  not  like  to  say.    I  know 

that  it  is  being  tried  out.     The  only  sure  way  of  finding 

ting.    No  abrasion  machine  produces  results 

that  we  do  not  question;  so,  the  only  way  is  to  test  the 

material   in  service. 

Mr.  Miller:— Do  you  prefer  the  Rockwell  to  the 
Brin-  r  hardn. 


Professor  Upton:— The  Rockwell  test  is  the  same  in 
scheme  as  the  Brinell,  and  differs  only  in  details  that 
rather  favor  the  Rockwell.  The  Rockwell  has  a  diamond 
point  instead  of  a  steel  ball  and  makes  a  small  impres- 
sion of  about  the  same  size  as  does  the  scleroscope  ham- 
mer. Sometimes  the  Brinell  ball  deforms  before  the  ma- 
terial that  is  being  tested  does.  The  Brinell  principle 
is  correct  and  has  been  worked  out  with  a  diamond  ball. 
We  cannot  afford  diamond  balls,  but  we  can  afford  small 
diamond  points.  The  Rockwell  machine  does  a  thing  that 
the  Brinell  does  not  do.  It  puts  on  a  load  of  10  11)..  then 
a  100-lb.  load,  and  then  goes  back  to  the  initial  10-lb. 
load.  The  gage  is  read  with  the  initial  load  and  is 
checked  when  it  comes  back  the  second  time.  You  get 
definite  contact  with  a  piece.  The  shape  of  the  conical 
impression  is  always  the  same,  regardless  of  its  size. 
You  do  not  get  this  with  the  Brinell  machine. 

Mb.  .Miller: — We  find  the  Brinell  test  very  satisfac- 
tory for  steels  of  moderate  hardness,  but  it  is  not  so 
good  for  very  hard  steels. 

Professor  Upton: — With  the  Rockwell  instrument, 
you  can  go  up  through  all  the  harder  steels.  This  is 
partly  due  to  the  shape  of  the  diamond,  which  is  conical; 
whereas,  in  the  Brinell  test,  a  steel  ball  is  used.  It  is  also 
partly  due  to  the  initial  load  of  10  11). 


Vol.  XIII 


October,  1923 


No.   4 


Hydraulic  Four- Wheel  Brakes  for 
Automotive  Vehicles 


By  Malcolm  Loughead1 


Detroit  Section  Paper 


Illustrated  with  DRAWINGS 


FOUR-WHEEL  brakes  actuated  by  hydraulic  pres- 
sure were  described  and  discussed  in  a  paper  pre- 
sented by  Mr.  Loughead  before  the  Detroit  Sec- 
tion in  May,  1923,  and  the  paper,  with  additions,  was  to 
have  been  presented  at  the  Semi-Annual  Meeting  at 
Spring  Lake,  N,  J.,  in  June,  1923.  Since  Mr.  Loughead 
was  unable  to  attend  the  latter  meeting  and  present  his 
revised  paper,  the  only  discussion  by  members  was  that 
offered  at  Detroit,  and  it  follows  the  revised  paper 
printed  herewith. 

ABSTRACT 

FOLLOWING  a  discussion  of  the  braking  ability  of 
rear-wheel  brakes  only,  front-wheel  brakes  only 
and  brakes  on  all  four  wheels,  the  author  answers 
citations  in  disfavor  of  four-wheel  brakes  and  com- 
pares external  with  internal  brakes  in  favor  of  the 
external  type. 

The  hydraulic  four-wheel  brake  system  is  illustrated 
and  described  ir.  detail,  and  a  statement  is  made  of 
four-wheel-brake  design  requirements.  These  are: 
Reliability,  equalization,  stopping  ability,  control,  sim- 
ple adjustments,  minimized  service  requirements  and 
provision  against  wear.  Each  requirement  is  then 
sub-divided  and  given  separate  consideration,  claims 
being  made  in  regard  to  how  well  the  hydraulic  system 
meets  each  requirement,  with  reasons  therefor.  A 
summary  of  the  main  advantages  of  the  hydraulic 
compared  with  the  mechanical  type  of  four-wheel  brake 
is  made  in  conclusion. 

Whether  automotive  vehicles  should  or  should  not  be 
equipped  with  brakes  on  the  front  as  well  as  on  the 
rear  wheels  is  a  subject  of  vital  importance  to  the  en- 
tire industry.  The  number  of  deaths  caused  by  auto- 
motive vehicles  in  the  United  States  alone  is  appalling, 
especially  when  we  acknowledge  that  a  very  high 
percentage  of  these  accidents  could  be  eliminated  if 
all  automotive  vehicles  were  provided  with  adequate 
and  properly  designed  braking  facilities.  Most  of  our 
tests  of  four-wheel  brakes  have  been  made  at  a  car  speed 
of  30  m.p.h.  but.  at  this  speed,  only  a  small  percentage 
of  present-day  automobiles  equipped  with  conventional 
two-wheel  brakes  can  be  stopped  within  a  distance  of 
130  ft.,  even  when  these  brakes  are  adjusted  and  lubri- 
cated properly. 

Disadvantageous  Features 

Two  points  commonly  cited  against  the  usage  of  four- 
wheel  brakes  are  the  possibilities  of  locking  the  front 
wheels  and  of  rear-end  collisions  caused  by  a  too  sudden 
stoppage  of  the  car,  with  the  failure  of  the  car  behind  to 
stop  likewise.  If  front-wheel  brakes  are  not  designed 
properly,  they  may  lock  the  front  wheels  and  cause  a 
serious  accident  due,  among  other  ijassibilities,  to  radical 
interference  with  the  steering  ability.  My  experience  is 
that  it  is  advisable  to  make  the  front  and  the  rear  brakes 
of  the  same  design  and  size;  otherwise,  if  the  rear  brakes 
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are  larger  than  those  in  front,  there  will  be  a  sacrifice  of 
stopping  ability  under  dry-pavement  conditions.  If  the 
front  brakes  are  larger  or  more  efficient  than  those  at 
the  rear,  they  will  lock  the  front  wheels,  especially  when 
the  coefficient  of  friction  of  the  pavement  is  low.  No 
accidents  due  to  the  locking  of  front  wheels  of  cars 
equipped  with  our  four-wheel  brakes  have  been  reported. 
Danger  from  rear-end  collisions  lies  more  in  theory 
than  in  actuality.  They  have  occurred  in  a  few  instances, 
but  the  resultant  damage  has  been  slight.  Damage  to 
lamps  and  radiators  is  more  expensive  than  that  done 
to  rear  tires  and  fenders,  but  the  car  that  follows  an- 
other usually  runs  15  to  30  ft.  behind  and  has  that  much 
additional  space  within  which  to  stop. 

External  versus  Internal  Brakes 

With  regard  to  the  expansion  of  brake-drums  on  ac- 
count of  heat  generated  by  friction,  the  external  has 
a  decided  advantage  over  the  internal  type  of  brake. 
When  the  internal  type  is  used  on  a  long  grade,  when 
several  successive  and  severe  applications  of  it  are  made 
and  especially  when  the  foot-pedal  adjustment  is  very 
close  to  the  toe-board,  the  expansion  due  to  heat  may 
reach  an  amount  such  that  the  car  is  virtually  without 
brakes  although,  with  the  same  adjustment,  the  brakes 
may  function  perfectly  when  cold.  The  opposite  con- 
dition obtains  with  the  external  type;  the  hotter  the 
brake-drums  become,  the  greater  the  available  pedal- 
travel  will  be,  a  point  often  overlooked  in  emergency- 
brake  design  and  one  that  can  cause  a  serious  accident 
if  a  car  having  hot  brake-drums  is  left  standing  on  a 
hill. 

Oil  leakage  from  the  rear  axle  and  over-greasing  of 
front  wheels  commonly  cause  internal  brake-shoes  or 
bands  to  become  saturated  with  oil  and  grease  so  that 
the  car  is  practically  without  brakes,  but  this  is  much 
less  likely  to  occur  with  the  external  type  of  brake.  Dis- 
tortion as  well  as  expansion  must  be  provided  against 
for  brakes  of  the  internal-shoe  type,  and  it  is  very  diffi- 
cult to  attain  as  high  a  ratio  of  pedal  movement  to 
brake-shoe  movement  for  a  given  pedal  pressure  as  can 
be  realized  with  the  external  type. 

To  design  a  brake-drum  that  will  not  distort  is  largely 
a  matter  of  weight  and  cost.  My  experience  is  that  the 
cost  of  a  drum  built  rigidly  enough  to  withstand  the 
pressure  of  internal  shoes  without  becoming  distorted 
will  be  triple  the  cost  of  a  pressed  drum  suitable  for  ex- 
ternal brakes. 

The  Hydraulic  System 

Pressure  in  the  hydraulic  four-wheel-brake  system  is 
built-up  in  a  cylinder  mounted  on  the  transmission  case 
near  the  fulcrum  of  the  brake-pedal.  Fig.  1  shows  the 
layout,  including  the  master  cylinder,  the  piping  and 
the  reservoir  tank.  A  piston  in  this  cylinder  is  con- 
nected directly  to  the  lower  end  of  the  brake-pedal  forg- 
ing, as  shown  in  Fig.  2,  and  is  forced  into  the  cylinder 
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the  depression  of  the  brake-pedal  itself.     The  ratio 
of  the  movement  of  the  pedal  to  that  of  the  piston  is 
about  4  to  1.    Four  copper  pressure  lines  or  tubes  lead 
from  the  master  cylinder  to  points  on  the  chassis  frame 
adjacent  to  each  of  the  four  wheels,  as  indicated  in  Fig.  1. 
Mounted  rigidly  on  the  dust  shield  or  anchor  bracket 
at  each  one  of  the  four  wheels  is  a  brake-band-actuating 
cylinder  that  is  connected  to  the   pressure   line  on   the 
frame  by  a  suitable  length  of  seven-ply  rubber 
hose  capable  of  resisting  a  pressure  of  2000  to  2500  lb. 
per  sq.  in.  before  bursting.  A  -•    tion  of  the  hose  assembly 
■  own    in   the   lower   portion    of   Fig.   3.     The    hose 
has  a  close-wound  coil-spring  inserted  while  the  hose  is 
under  a  pressure  of  1200  to  1400  lb.  per  sq.  in.    There  is 
practically  no  expansion  loss  up  to  a  pressure  of  1000 
lb.  per  sq.  in.,  this  being  a  very  important  factor  with 
hydraulic  brakes  becau.-e  two  movements,  those  of  steer- 
ing and  of  spring  action,  must  be  provided  for  by  using 
le  connections.    An  expansion  loss  in  the  hydraulic 
-  a  lessening  of  the  amount  of  pedal  tr.: 
to  compensate  for  this  loss  it  is  necessary  to  reduce  the 
amount    of    pedal    leverage    and    this    would    require    a 
r  pedal  pressure. 
The  copper  tubing  used  for  the  pressure  line  on 

by  clips  inside  the  channel-iron  ol 
the  frame  and  terminates  opposite  each  wheel  in  a  stand- 
ard union  nut  or  coupling.  We  have  never  had  a  failure 
of  bi  n  due  to  copper  tubing  when  it  was  used  as 

a  non-flexible  member.    In  some  of  our  first  installal 
.sed  a  coil  of  copper  tubing  at  each  of  the  br 

take-up  the  movement,  but  leaks  developed  due 

the  tube.     The  present  tubing  is  not 

and   I  attribute  the  absence  of  tubing 

trou  •■  support  of  the  tubing  by  the  union 

•he  flared  end  of  the  tube.     I  have  had 

thrt-  line,  and  each  showed 

ral  crack  at  the  base  of  the  flare  of  the  copper  tubing. 

iting  Cylinders 

e   individual   brake-actuating   cylinders   on 

tpports  contains  a  pair  of  opposed  pis- 

of   the   cylinder.     The   hi 

ly    is    shown    in    Fig.    3   also. 

gainst  two  levers  that  are,  in  turn, 

•he  brak-  •  r.ds,  the  brake-bands  being 

of  tr  infracting  type.     Liquid  is  admitted  to 

ting   cylinder-    between    their   opj 
pist'  i  opening  at  the  cylinder  centers.   When 


the  brake  pedal  is  depressed,  the  opposed  pistons  in  each 
cylinder  are  toned  apart  by  the  hydraulic  pressure  set- 
up in  the  system  by  the  master  cylinder;  one  end  of  each 

of  the  levers  in  each  brake-actuating  cylinder  bears  on 

the  head  of  one  of  its  opposed  pistons  and  the  other  end 
exerts  a  pull  on  the  brake-band  end.  drawing  it  tangent 
to  the  drum.  Smooth  brake  action  is  assured  by  draw- 
ing the  brake-band  ends  in  a  line  tangent  to  the  1. rake- 
drum  and  not  allowing  the  ends  to  "snub."  Since  the 
sed  pistons  are  forced  apart  by  hydraulic  pressure,  it 
follows  that  the  pressure  on  both  pistons  in  all  four 
brake-actuating  cylinders  must  be  equal.  The  bri 
actuating-cylinder  group-assembly  is  shown  in  detail  in 
Fig.  3. 

Liquid  Composition 

A  mixture  of  alcohol  and  glycerine,  40  per  cent  alcohol 
and  (30  per  cent  glycerine,  constitutes  the  liquid  used  in 
the  hydraulic  braking  system.  Any  leakage  of  liquid 
from  the  system  is  compensated  for  from  a  small  reser- 
voir mounted  on  the  dash  that  replenishes  the  master 
cylinder  automatically.  When  the  master-cylinder  piston 
is  in  the  "off"  position,  it  uncovers  several  small  port- 
holes, each  about  0.02  in.  in  diameter,  that  communicate 
directly  with  the  reservoir.  This  allows  a  free  flow  of 
liquid  from  the  tank  to  the  master  cylinder  and  re- 
plenishes any  loss  of  liquid  that  may  occur  during  the 
application  of  the  brakes.  If  there  is  any  loss  of  liquid, 
it  is  very  slight;  in  fact,  we  have  run  cars  for  several 
months  with  a  closed  line  and  have  lost  practically  none 
of  the  fluid.  Rawhide  is  used  to  pack  the  pistons  and 
prevent  any  leakage  of  the  fluid  from  the  hydraulic 
cylinders. 

Four-Wheel-Brake  Design 

In  the  design  of  a  thoroughly  satisfactory  four-wheel 
braking-system,  the  following  six  factors  are  of  prime 
importance: 


(1) 

(2) 
(3) 
(4) 

Reliability 
Equalization 
Stopping  ability 
Control 

(5) 

Simple    adjustments 

and 

minimized    service 

(6) 

quirements 
Wear  and  replacement  of  parts 

For  reliability,  three  conditions  are  essential;  (a)  a 
high  factor  of  safety  throughout  the  system,  (6)  that 
all  movable  parts  function  as  designed  and  that  the  least 
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ible  number  of  orifices  for  their  lubrication  be  in- 
cluded and  (c)  that  satisfactory  performance  be  attained 
during:  all  kinds  of  weather  conditions. 

A  high  factor  of  safety  is  provided  in  the  flexible  hose, 
the  weakest  part  of  the  system.  Its  bursting  pressure  is 
(2000  to  2500  lb.  per  sq.  in.  and  the  maximum  pressure  to 
which  it  is  subjected  in  an  emergency  stop  is  300  lb.  per 
sq.  in.  The  pedal  clevis-pin  is  the  only  movable  part  that 
requires  lubrication;  it  is  well  protected  under  the  floor- 
boards and  is  accessible.  The  alcohol  content  of  the 
alcohol-glycerine  fluid  can  be  increased  for  low-tempera- 
ture conditions ;  hence,  the  system  is  independent  of 
severe  low  temperatures. 

Equalization 

Proper  equalization  of  four-wheel  brakes  demands  (a) 
that  the  application  of  the  brakes  should  have  no  effect 
on  steering  ability;  (&)  that  it  should  prevent  skidding; 
ic)  that  it  should  prevent  locking  of  the  wheels,  espe- 
cially the  front  wheels,  and  (d)  that  it  should  not  reduce 
the  braking  effectiveness  under  varying  road  conditions. 

Steering  ability  is  not  affected  in  the  hydraulic  sys- 
tem because  the  pressure  of  the  liquid  is  the  same  in  all 
parts  of  the  system  and  perfect  equalization  obtains  up 
to  the  brake-band  ends.  Variations  in  the  coefficient  of 
friction  of  the  brake-linings,  such  as  may  occur  when 
Dne  front  brake  becomes  wet,  tend  to  make  that  brake 
nore  effective  than  another.  By  locating  the  center-line 
?f  the  knuckle-pin  so  that  its  projection  is  1 2  in.,  or  less, 
from  the  center-line  of  the  tire  on  the  ground,  the  rise 
in  the  coefficient  of  friction  of  the  saturated  brake  is  not 
noticeable  and  no  effect  is  transmitted  to  the  steering- 
ivheel  even  at  high  car  speeds. 

As  a  means  of  preventing  skidding,  the  four-wheel 
orake  is  efficient  only  to  the  degree  of  equalization  at- 
tained. Positive  equalization  is  secured  up  to  the  brake- 
oand  ends  in  the  hydraulic  system.  This  claim  of  posi- 
:ive  equalization  has  been  questioned  by  engineers  who 
say  that  any  great  variation  in  the  coefficient  of  friction 
Df  the  brake-lining  would  offset  the  admitted  equalization 
jp  to  the  brake-band  ends.  For  the  most  part,  such 
variations  in  the  coefficient  of  friction  result  from  heat 
generated  during  a  long-continued  brake-application  and 
vould  affect  each  brake  proportionately.  Therefore,  the 
change  in  the  coefficient  of  friction  cannot  be  said  to 
iffect  equalization  at  each  of  the  wheels  but,  rather, 
vvould  result  in  requiring  a  greater  pedal  effort  to  ac- 
complish a  given  result.  Assuming  that  a  change  in  the 
coefficient  of  friction  is  not  distributed  equally  to  the 
four  wheels,  it  is  none  the  less  desirable  and  necessary 
to  maintain  equalization  in  the  operating  mechanism, 
unless  one  argues  that  two  wrongs  make  a  right. 

Some  means  to  release  the  brakes  somewhat,  at  the 
time  the  wheels  stop  rotating,  is  necessary  to  prevent 
ocking  of  the  front  wheels  without  reducing  braking 
effectiveness  under  varying  road  conditions.  Some  ex- 
periments have  been  made  by  others,  and  we  have  fol- 
owed  European  attempts  to  accomplish  this  release  of 
the  brakes,  one  being  to  have  each  wheel  equipped  writh 
Dne  or  more  weights,  the  centrifugal  force  of  which  tends 
:o  release  the  brakes  as  the  car  speed  decreases.  But 
:his  is  not  commercially  practicable  and  we  have  found  no 
)ther  way  of  incorporating  the  principle  with  a  suc- 
cessful brake. 

Stopping  Ability 

Some  engineers  have  advocated  a  longer  rather  than 
he  quickest  possible  stop  and  have  contended  that  abi-upt 
stops  will  result  in  frequent  rear-end  collisions  and  much 


TARLE     1 — TESTS     OF     STOPPING     ABILITY     OF     HYDRAULIC 
FOUR-WHEEL   BRAKES 


Model  57,  Cadillac  Phaeton  Car — 

Speed, 

30  m.p.h. 

Total  Weight,  with  Driver,  lb. 

4,400 

Weight  on  Front  Wheels,  lb. 

2,000 

Weight  en  Rear  Wheels,  lb. 

2,400 

f  Make 
Tires  -j  Size,  in. 

Mason  Cord 

35x5 

1  Pressure,  lb.  per  sq.  in. 

65 

Road  Surface 

Dry  Concrete 

Stopping  Distances;  Average  of  Five  Stops.               Ft. 

Brakes    f  Rear  Wheels  Only 
Applied  \  Front  Wheels  Only 

89.2 

>;:.<; 

on            [  Front  and  Rear  Wheels 

36.8 

property  damage,  but  a  questionnaire  answered  by  1000 
users  of  the  hydraulic  four-wheel  brake  reports  very 
little  damage  of  this  character  and  proves  it  to  be  a 
matter  of  education.  A  car  driver  appreciates  the  se- 
curity afforded  by  this  type  of  brake  but  will  not  sub- 
ject himself  and  his  passengers  unnecessarily  to  the  in- 
convenience resulting  from  a  very  sudden  stop. 

Tests  of  the  stopping  ability  of  the  hydraulic  four- 
wheel  braking-system  were  made  recently,  the  results 
being  stated  in  Table  1.  A  pistol  was  mounted  rigidly 
on  the  chassis  of  the  car;  its  trigger  was  connected  to 
the  brake  pedal  and  set  to  fire  a  bullet  into  the  road  sur- 
face when  the  pedal  had  moved  1  in.  After  the  car  had 
been  brought  to  a  stop,  the  distance  from  the  muzzle  of 
the  pistol  on  the  car  to  the  imprint  of  the  bullet  in  the 
road  surface  was  measured  with  a  steel  tape.  The  stop- 
ping distances  stated  in  Table  1  are  an  average  of  five 
stops  in  each  case,  and  all  stops  were  made  from  a  car 
speed  of  30  m.p.h. 

With  a  car  fully  loaded,  our  tests  show  that  it  is  neces- 
sary to  provide  1  sq.  in.  of  brake  lining  for  each  12.5  lb. 
of  car  weight.  If  the  ratio  of  the  car  weight  to  the  area 
of  the  brake-lining  is  increased  to  more  than  16  lb.,  the 
surface  of  the  lining  may  burn  and  cause  a  decrease  in 
the  coefficient  of  friction. 

The  ratio  of  12.5  lb.  of  car  weight  to  1  sq.  in.  of  brake- 
lining  conforms  fairly  well  with  standard  practice.  Con- 
sidering a  car  that  carries  seven  passengers,  weighs 
5360  lb.  and  has  3200  lb.  of  this  weight  on  its  rear  wheels, 
we  find  the  average  area  of  the  brake-lining  to  be  225 
sq.  in.,  approximately;  this  gives  14.5  lb.  of  car  weight 
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Fig.    3 — Wheel   Cylinder   Group   Assembly   with   a   Section   01* 
the  Hose  End  Shown  in  the  Lower  Portion 
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rung,     i  (wing 

■  when  brakes 

are  appl.  nch  of  brake- 

:ig  area  »  ■  r  mi  the  front  wheels 

.ill  four  wheels  or  to  the  front 

VROL 

light  pedal-pres- 
.   minimum  length  of 
peda  •■  uat  pedal-pressure  foi 

of  the  low  friction  loss  in  the  hydraulic  means 
on.  the  high  friction   loss  of  the  nie- 
kvoided  and  it  is  therefore  possible 
to  use  only  a  moderate  pedal-]  without  employ- 

ing  a  ■  '>-mechanism.    A   positive   brake   releasi 

accomplished  because  there  are  no  mechanical  joints 
bear!    .  freeze   or   seize.     The   brake   members   are 

ned  positively  to  their  normal  position  after  the  re- 
hire by  an  adequate  return  spring.  A  mini- 
mum length  of  pedal  stroke  is  permitted  because  there 
are  no  built-up  losses  of  motion  due  to  a  multiplicity  of 
mechanical  joints.  Each  inch  of  pedal  stroke  is  produc- 
■rk  at  the  brake-band  ends.  The  pedal  pressure 
remains  constant  for  any  given  stop,  except  as  it  may 
be  affected  by  variations  in  the  uniformity  of  the  brake- 
lining  and  this,  in  our  experience,  is  not  a  large  factor, 
because  of  the  effectiveness  of  the  hydraulic  actuating 
mea: 

iplicity  of  Adjustment 

ie  adjustment   features  that   minimize  service 
rements  are     11    simplicity.    (©)    infrequency   and 

adjustment  for  brake  equalization  is  required  by 

the  hydraulic  system;   the   inherent  equalization    in  the 

actuating  me.  mplete  throughout  so  long  as  the 

on  members  are  functioning.    Adjustments  for  wear 

will  be  infrequent   if  a  liberal  area  of  brake-lining   is 

provided  by  the  design,  say  1   sq.  in.  of  lining  for  each 

12.5  lb.  of  car  weight.     Cars  equipped   with   hydraulic 

brakes  have  been  driven  8000  miles  without  adjustment. 

Beg  of  the   simplicity   of   adjustment   that    is 

ded,    many    D  ,1    neglect    adjustments    unless 

they  are  made  accessible,  and  adjustments  should  be  of 

a  cr  "hat   do    not    require    ski!  ice.      The 

wner-driver  should  be  able  to  make  them  quickly 

and   with   certainty,  and   he   can   do   this    for   hydraulic 

Wear  and  Replacement 

brake  perform- 
an  infrequent  replacement  of  the  brake- 
lining  and  the  consequent  removal   of  the  vehicle   from 
serv.  •-.    actuating  mechanism 

a  minimum. 

f  many  cars    in   service  that   have 

four-wt  ind  have  run  from  25,000 

without   requiring   a    relining    of   their 

r  in  the  hydrauli  ran   be  said 

to  V-  mechanism  should  outlive  the 

■roving  all  necessity  for  sliding 
top,   which   is 
f   four-wheel   brakes,   will    re- 
sult from  wear. 

Ar.  THE  HYDRAULU    SYSTEM 

In'-  .red  in  the  hydraulic  sys- 

tem of  brakinz.  E  -,e  same  pressure  is  applo 


each  of  the  four  brake-bands  by  utilizing  a  column  of 
liquid  under  pressure  against  pistons  acting  in  cylinders 
adjacent  to  the  brake-band  ends,  ami  equalization  is  thus 
maintained  regardless  of  brake-band  adjustment. 

Since  there  are  fewer  mechanical  joints,  the  friction 
is  low  .red  considerably.  This  advantage  becomes  pro- 
nounced after  several  months  of  service  when,  due  to  a 
lack  of  proper  lubrication,  brakes  of  the  mechanical 
show  wear  in  some  joints  and  seizing  or  binding  in 
others. 

The  flexible  connection  between  the  brakes  ami  the 
chassis  prevents  trouble  due  to  the  improperly  related 
movement  of  a   mechanical  brake-linkage. 

Brake  adjustment  is  not  affected  by  a  change  of  load- 
ing in  the  car.  The  movement  of  the  car  body  in  rt  la 
tion  to  the  axles  when  traveling  over  rough  roads 
not  react  against  the  brake  pedal.  This  reaction  does 
exist  in  some  forms  of  mechanical  brake  and  is  particu- 
larly noticeable  when  coasting  down  a  rough  grade  be- 
cause the  brakes  then  have  a  tendency  to  lock  and  release 
alternately,  due  to  the  movement  of  the  car  springs.  The 
operation  of  the  hydraulic  system  is  very  smooth  on  the 
roughest   of  roads. 

Pedal-pressure  requirements  are  moderate  in  the 
hydraulic  system  and,  with  a  pedal  stroke  of  5  to  6  in. 
and  a  moderate  pressure,  the  necessity  of  utilizing  any 
servo-mechanism  is  eliminated  by  taking  advantagi 
the  low  friction  loss,  absence  of  lost  motion  and  external' 
band  brakes  anchored  to  give  approximately  200  deg.  of 
brake-lining  in  contact  with  the  brake-drum  on  the  wrap- 
ping end  and  in  the  forward  direction  of  rotation. 

THE  DISCUSSION 

Question: — What  liquid  is  used? 

ANSWER: — We  use  an  alcohol-glycerine  solution,  ap- 
proximately 60  per  cent  glycerine  and  40  per  cent  alcohol. 

Question: — How  does  the  cost  of  hydraulic  brake! 
compare  with  that  of  mechanical  four-wheel  brakes? 

ANSWER: — That  depends  somewhat  on  the  design  of 
the  mechanical  brakes.  To  date  we  have  seen  no  mechani- 
cal brakes  that  are  equal  in  cost  to  hydraulic.  We  can 
build  the  toggle-joint  system  as  used  on  some  foreign 
cars  for  a  little  less. 

Question: — What  about  the  design  of  front  axles  to 
which  four-wheel  brakes  are  applied,  as  regards  the 
effect  on  the  steering? 

Answer: — Placing  the  intersecting  lines  of  the  knuckle 
1  _.  in.  or  less  from  the  center-line  of  the  tire  does  not 
affect  the  steering  much.  We  have  a  car  that  is  running 
now  in  which  the  line  is     -    in.  from  the  center  of  the 

:   the  car  when  traveling  at  a  speed  of  from  <i 
LOO   m.p.h.  could  be  stopped  with  one  wheel  completely 
shut  off,  practically  without  moving  the  steering-wheel. 

QUESTION:      In    case    the    operating    fluid   congeals   or 
freezes   in  cold   weather,   what  means  of  operating 
provided  1 

ANSWER: — In  extremely  cold  weather  we  run  the  alco- 
hol  content    up   the   same   as   we   should   with   radiators. 

QUESTION :— When  city  ordinances  require  two  sets  of 
brakes,  are  independent  mechanical  means  of  operation 
provided? 

Answer: — In  that  case  we  recommend  an  emergency 
brake,  if  for  no  other  reason  than  locking  the  car  when 
ling. 

Qi  :  I     there  no  emergency   brake  otherwise? 

ANSWER: — None,  except  either  the  drive-shaft  brake 
or  the  internal  brake  used  in  conjunction  with  the  four 
outside  brakes,  which  are  operated  by  the  hydraulic 
system. 
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Question  : — Are  the  rear  brakes  designed  to  take  effect 
slightly  ahead  of  the  front  brakes,  on  account  of  the 
greater  weight  at  the  rear  end  of  the  car? 

Answer: — No;  because  even  though  there  is  more 
weight  on  the  rear  axle,  in  the  ratio  of  60  to  40  per 
cent,  as,  of  course,  we  all  know  is  the  case,  in  stopping 
with  four-wheel  brakes  the  shifting  of  the  center  of 
gravity  of  the  car  makes  the  braking  of  the  front  wheels 
more  effective  than  that  of  the  rear  wheels. 

As  an  illustration  of  the  shifting  of  the  center  of 
gravity,  braking  the  front  wheels  of  a  car  traveling  at 
30  m.p.h.  will  stop  the  car  in  67  ft.  while  braking  the 
rear  wheels  will  stop  it  in  89  ft.,  which  means  a  decided 
shifting  of  the  weight;  the  rear  wheels  tend  to  slide 
before  the  front  wheels  even  though  more  weight  is  at 
the  rear. 

Question: — What  would  happen  if  a  connection  or  a 
pipe  should  leak  or  break? 

Answer: — The  same  thing  that  would  happen  if  the 
threaded  end  of  a  brake-rod  should  break,  a  contingency 
that  is  not  uncommon.  Our  system  of  piping  has  shown 
no  breakage,  and  I  should  say  that  the  percentage  of 
failures  would  be  no  higher  than  that  of  the  threaded 
ends  of  brake-rods.  You  would  have  to  use  a  brake  in 
either  case,  whether  mechanical  or  hydraulic. 

Question  : — Would  there  be  an  indicator  on  the  reser- 
voir to  indicate  that  a  leak  had  occurred  in  the  system? 
Answer: — No;  if  there  were  a  leak  in  the  system  suffi- 
cient to  cause  a  failure,  the  pedal  would  not  remain  in 
position  but  would  drop  to  the  floor-board  when  it  was 
applied. 

Question: — Are  the  torsional  strains  on  the  axles 
Kreater  or  less  when  32  x  7-in.  tires  are  replaced  by 
35  x  5-in.  tires? 

Answer: — The  coefficient  of  friction  is  the  same 
whether  it  be  distributed  over  10  or  over  2  sq.  in. 

Question: — What  effect  has  front-wheel  camber  on 
front-wheel  brakes? 

Answer: — It  is  taken  into  account  only  in  designing 
to  make  the  intersecting  line  of  the  knuckle-pin  come 
within  Vo  in.  of  the  center  of  the  tire. 

Question: — Can  you  give  the  weight  that  was  added 
to  the  Cadillac  front  axle  in  the  test  referred  to? 

Answer: — The  axle  itself  was  designed  to  take  the 
torque  load  as  well  as  the  bending  load  of  the  weight  of 
the  car.  The  axle  is  12  oz.  lighter  than  the  former  Cadillac 
axle;  I  have  no  exact  figures  as  to  the  weight  of  the 
drums  and  the  rest  of  the  mechanism.  The  drums  weigh 
approximately  20  lb.  each;  the  bands  and  the  rest  of  the 
mechanism  would  weigh  possibly  15  lb.;  between  70  and 
100  lb.  on  a  car  of  that  weight. 

Question: — Do  you  find  that  front  axles  at  present 
are  ample  in  most  cars  to  withstand  the  torque  of  front- 
axle  braking? 

Answer  : — No ;  they  have  not  a  sufficiently  high  factor 
of  safety.  We  recommend  a  better  torque-section  from 
the  spring  pad  to  the  outer  wheel  or  the  knuckle. 

Question: — Can  an  internal  brake  be  designed  to 
wrap  internally? 

Answer: — Yes;  but  not  with  the  same  efficiency  as  an 
external  band.  We  have  shown  on  tests  that  when  an 
external  band  is  operated  by  a  straight  pull  between 
the  gap  ends,  that  is,  in  a  straight  line,  and  an  internal 
brake  is  used  on  the  same  drum  and  expanded  in  a 
straight  line,  the  external  brake  develops  35  lb.  and  the 
internal  brake  25  lb.  In  other  words,  the  efficiency  of 
the  two  is  as  35  to  25. 

W.  C.  Keys: — Were  the  bands  anchored  at  the  middle 
in  each  case? 


Malcolm  Loughead: — They  were  anchored  180  deg. 
from  the  center  of  the  gap. 

Question: — How   much    stronger,    approximately,    in 

per  cent  must  the  front  axle  be  with  front-wheel  brakes? 

Answer: — To  give  a  torsional  section.     The  bending 

section,  of  course,  is  still  there  and  is  sufficiently  strong. 

Question: — Would  air  in  the  system  have  any  effect 
on  the  action  of  the  brakes? 

Answer: — It  would  mean  a  loss  of  pedal  travel;  if 
there  w-ere  sufficient  air  the  pedal  would  go  clear  to  the 
floor-board  without  actuating  the  brakes,  so  that  we  take 
practically  all  the  air  out,  that  is,  within  a  very  small 
fraction  of  1  per  cent. 

Question  : — What  effect  have  very  cold  and  very  hot 
weather  on  operation? 

Answer: — There  is  slightly  sluggish  action  with  the 
fluid  that  we  use  when  the  weather  gets  below  zero. 
This  can  be  counteracted  by  increasing  the  alcohol  con- 
tent, which  will  bring  the  action  back  to  normal. 

Question: — Is  tire  mileage  increased  by  using  four- 
wheel  brakes? 

Answer: — Yes,  considerably.  There  is  practically  no 
necessity  for  ever  sliding  the  tires  with  four-wheel 
brakes;  this  happens  many  times  a  day  with  two-wheel 
brakes  in  traffic,  without  taking  into  consideration  the 
conditions  in  mountainous  districts. 

Question: — In  the  ratio  you  gave  of  12y2  lb.  of  car 
weight  to  1  sq.  in.  of  brake  surface,  is  the  brake  surface 
the  effective  area  or  the  total  area  of  the  brake-lining? 

Answer: — The  effective  area;  that  is,  the  area  after 
deducting  approximately  4  in.  of  lining  at  the  anchor- 
pin  point  on  a  15-in.  drum. 

Question  : — What  change,  if  any,  is  made  in  the  front 
springs? 

Answer: — None.  We  have  never  had  a  spring  break. 
The  spring  makers  have  recommended  that  no  change 
be  made  when  four-wheel  brakes  are  used.  The  front 
springs  are  as  strong  as  the  rear  springs  that  take  the 
torque  loading  in  the  Hotchkiss  drive  and  the  brake  load- 
ing also. 

Question: — Are  there  two  points  of  adjustment  on 
each  wheel? 

Answer: — There  are  three  on  each  wheel.  One  on 
each  end  of  the  band  and  one  at  the  anchor-pin. 

Question: — What  is  the  percentage  of  loss  of  liquid? 

Answer: — That  question  is  very  hard  to  answer  be- 
cause the  percentage  varies  considerably.  We  have  never 
had  a  loss,  have  never  had  to  refill  the  2-pint  tank  in  less 
than  6  months.  The  car  I  have  mentioned,  which  has 
"been  running  for  over  20,000  miles,  has  shown  no  loss 
at  all  in  a  year's  running. 

Question: — Is  there  churning  of  the  oil?  If  so,  what 
is  the  effect? 

Answer: — There  is  some  churning  of  the  liquid,  but 
it  has  no  ill  effect  on  the  brakes. 

Question: — Is  there  oil  leakage  through  the  coiled 
wire  tubing?  If  so,  does  this  not  rot  the  rubber  casing 
and  cause  excessive  loss  of  oil? 

Answer: — The  glycerine  and  alcohol  has  a  preserva- 
tive effect,  if  any,  on  the  rubber. 

Question: — What  is  the  minimum  weight  of  car  that 
can  be  economically  equipped  with  four-wheel  brakes? 
Would  a  Ford  be  a  suitable  car  for  four-wheel  brakes? 

Answer  : — All  cars,  no  matter  what  their  weight  may 
be,  whether  they  are  Fords  or  6-ton  trucks,  can  be 
stopped  in  the  same  distance;  one  can  be  stopped  in  as 
short  a  distance  as  the  other,  provided  that  the  torque 
is  sufficient  to  reach  the  point  just  before  the  wheels  be- 
gin to  slide.     All  cars  should  be  equipped  with  four- 
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QUESTION: — What  is  the  maximum  change  in  the  co- 
at of  friction  in  the  lining  throughout  its  life? 
Answer: — That  will  depend  to  a  great  extent  on  the 
lining.     The  best  lining  we  have  found,  in  practical  use 
and  on  ti  nd.  has  shown  a  variation  in  coefficient 

':  iction    of   approximately    0.20   to   about    4.46:    and 
ation    usually    takes   place   during   wet   and   dry 
•   the  lining. 
QUESTION: — Will  the  brake-drum  cool  as  well  with  ex- 

;h  internal  brake 
Answer: — Yes,  with  a  pressed-steel  drum.  Of  course. 
the  ribbed  drum,  whether  cast  or  forged,  will  cool  more 
rapidly  with  internal  brakes,  but  with  a  pressed-steel 
drum  it  is  about  the  same  in  either  case.  I  might  add 
that  the  drum  radiates  through  almost  double  the 
surface  that  it  does  with  two-wheel  brakes.  That  question 
real  ference  to  four-wheel  braki 

Water  on  the  surface  of  the  lining  usuallv 
deration  of  brakes  detrimentally.     Does  not 
i   more  with  external  than  with  internal  brakes? 
Answer:  —  In    our    experience,    water,    mud,    or    any- 
thing of  that  sort  gets  into  the  lining  of  the  external- 
time  than  it  would  get  into  the  lining 
ternal,  but  tl  ne  point  that  offsets   this 

difficulty;   it  gets  out  quickly,   too.     The   internal   brake 
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ture  of  less  than   135  dec-,   fahr.     Temperatures  higher 

than  this  would  injure  the  leather.     In  cold  weather  the 
ordinary  leather  cup  gives  good  service,  but  in  summer 
the  heat  forces  the  plugs  oi  wax  out  of  the  leather.  CI 
ing  a   gradual   seepage  at   all   times.      We  have  absolutely 
no  trouble  when  we  use  all  rawhide  packing. 

We   are   making    a    search    new    and    expect    in    a    v< 
short   while  to  have  a  cup  packing   manufactured    fi 
fabric,    rubber    composition    and    the    like,    which    would 
assure  a  uniform  grade  and  a  larger  production  than  will 
any    leather   we   might    obtain.      This   [lacking   has    bi 
possibilities   from   a   production   standpoint,   though 
present  packing  is  giving  us  no  trouble. 

QUESTION :—Wha1  about  the  car  behind  that  has  rear 
wheel   brakes   only? 

Answer: — I  think  that  is  the  business  of  the  driver. 

QI'KSTION  : — Some    builders   of    foreign   cars    are   advo- 
cating that  front-wheel  brakes  should  be  operated  slight 
ly  in  advance  of  rear-wheel  brakes.     What   is  the  reason 
for  that? 

Answer: — Our  reason  for  not  doing  it  is  that  the 
shifting  of  the  center  of  gravity  always  throws  more 
weight  on  the  front  wheels,  so  that  the  rear  wheels  haw 
a  tendency  to  slide  before  the  front  ones,  though  the 
efficiency  of  the  front  wheels  has  not  been  increased. 
Many  foreign  cars  with  toggle  operation  of  the  shoe 
make  this  more  necessary  than  does  a  balanced  system 
of  the  hydraulic  type. 

QUESTION: — What  minimum  clearance  do  you  allow 
tween  the  lining  and  the  drum? 

ANSWER: — A  minimum  of  0.025  in.  This  will  allow 
for  expansion  of  the  drum  up  to  650  deg.  fahr. 

QUESTION: — Does  the  brake-lining  wear  better  with 
tour-wheel  brakes,  or  worse'.' 

Answer: — Very  much  better.  1  might  cite  an  insta 
I  a  Model-66  Pierce  Arrow  that  weighs  approximately 
7000  lb.  and  carries  IS  passengers,  over  the  Ridge  Road 
in  California,  which  has  a  7000-ft.  rise.  The  rear  brakes 
were  relined  after  48,000  miles,  the  front  brakes  a 
32,000  miles  of  service.  This  shows  the  difference  in 
efficiency  between  the  front  and  the  rear  brakes  on  ac- 
count of  the  shifting  of  the  center  of  gravity. 

QUESTION: — Is  this  particular  hydraulic  brake  the  type 
used  by  the  Duesenberg  car  that  won  the  Grand  Prix? 

Answer: — In  principle,  yes;  but  it  is  not  the  sami 

detail. 

QUESTION:     What  would  the  braking  action  be  on 
front    wheels   while   turning  a   corner,   as  compared   with 
straight  running? 

ANSWER: — If  the  brakes  are  properly  equalized  there 
will   be   no   difl 

Question: — How  is  the  pi  '-sure  of  the  braki 
I  to  prevent  sliding  of  the  tin 

Answer: — That    is   another   condition    that   v.     • 
greatly  with  road  condition*  that  it  is  almost  impost 
to  put  on  a  safety  device  that  will  keep  the  wheel.-  from 
ng.     If  a  person  puts  too  much  pressure  on  the  pedal 
it  will  cause  the  wheels  to  glide  at   times. 

QUESTION:     Are    the    brake    adjustments    each    ii 
pendent? 

Answer: — Yes,  independent  as  regards  taking  up 
wear,  but  regards  taking  up  equalization.     '' 

are  inherently  equalized  at  all  times. 

Question:-  How   are  the  adjustment*   made? 

ANSWER:     By  two  nuts,  one  on  the  head  of  each  band 
d -ion,    and    by    the    conventional    anchor-pin    adj 
ment  that  is  rna]  brakes  now. 

Question: — if  the  front  wheels  lock,  do  you  not  lose 

-leering  control  ? 
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Answer: — Absolutely.  If  a  person  puts  his  foot  on 
the  brake-pedal  sufficiently  hard  to  lock  the  wheels,  he 
will  lose  steering  control  until  he  releases  it  enough  to 
let  the  wheels  revolve  again.  Cars  that  we  have  equipped 
have  run  an  aggregate  distance  of  7.000,000  to  10.000,000 
miles,  with  all  kinds  of  average  drivers,  and  have  never 
had  an  accident  on  this  account.  There  is  only  one  thing 
to  do,  and  that  is  to  release  the  pedal  slightly  when  you 
feel  the  wheels  sliding. 

Question  : — Does  that  mean  that  the  ordinary  driver 
must  be  specially  coached  in  the  use  of  four-wheel 
brakes  ? 

Answer: — If  he  gets  on  a  slippery  pavement  he  must 
always  be  careful.  He  should  work  the  brakes  inter- 
mittently, as  he  would  two-wheel  brakes  on  ice.  If  he 
does  not  work  the  brake-pedal  intermittently  he  will 
swerve  round;  we  recommend  that  the  pedal  be  applied 
in  the  same  way  with  four-wheel  brakes. 

Question: — The  public  would  probably  have  to  be 
re-educated  in  the  use  of  four-wheel  brakes? 

Answer: — I  should  not  think  it  would  take  much  edu- 
cation ;  in  the  cars  we  have  put  out  we  have  done  no  more 
than  give  warning  of  that  condition  and  have  never  had 
trouble  from  that  cause. 

QUESTION: — Do  you  consider  the  use  of  chains  on 
front  wheels  advisable? 

Answer: — We  have  really  forgotten  what  skid-chains 
are.  We  never  use  them  any  more.  I  have  had  one 
occasion  in  the  last  7  years  to  use  them  and  that  was 
coming  over  the  Tuscarora  Mountains  last  winter  on 
the  ice.  I  have  never  used  them  on  front  wheels  with 
four-wheel  brakes.  That  includes  two  trips  across  the 
United  States,  back  and  forth,  under  very  varied  con- 
ditions. 

Question: — Do  you  have  a  reservoir  for  excess  liquid 
to  replace  that  lost  by  leakage,  and  how  does  it  function? 

Answer: — The  tank  is  mounted  slightly  above  the 
master  cylinder  so  as  to  have  a  gravity  feed;  it  feeds 
through  several  port-holes  in  the  master  cylinder  and  re- 
plenishes any  loss  due  to  the  application  of  the  brakes. 
The  loss,  however,  is  very  slight. 

Question: — Is  the  band  of  the  brake-lining  continuous 
throughout  its  length  or  is  a  gap  left  at  the  rear  support? 

Answer: — We  always  leave  a  gap  at  the  rear  support, 
for  two  reasons:  (o)  it  tends  to  cut  out  any  dirt  or 
foreign  matter  that  may  get  into  the  band;  (b)  it  is 
almost  a  dead  point  in  the  lining. 

Question  : — Would  the  churning  of  the  liquid  cause 
any  chemical  change? 

Answer: — None  that  we  have  found  to  date.  I  know 
of  no  reason  for  it. 

Question: — In  making  a  turn  on  a  wet  pavement  with 
the  brakes  set,  is  there  any  tendency  to  slide  off  at  a 
tangent? 

Answer  : — Yes,  if  the  wheels  are  locked.  If  the  brakes 
are  not  applied  to  such  an  extent  as  to  lock  them  the 
steering  is  normal. 

Question: — How  often  must  the  packing  be  replaced? 

Answer: — We  have  never  had  to  replace  any  packing 
on  account  of  wear. 

Question: — Have  you  tried  riveting  the  lining  to  the 
inside  of  the  drum  and  using  a  plain  steel  band  of  the 
internal  expanding  type  to  obviate  the  expansion  of  the 
drum? 

Answer: — No,  we  have  not.  To  get  back  to  the  ques- 
tion of  wear,  on  cups,  we  continue  making  tests  at  the 
factory;  during  the  last  6  months  we  have  had  at  least 
50  cups  that  have  withstood  from  300,000  to  700,000  ap- 
plications of  the  brake  at  a  higher  pressure  than  would 


be  used  in  braking.  This  is  equivalent  to  a  life  of  7  or 
8  years  in  a  car. 

Question: — Does  the  system  become  inoperative  if  a 
pipe  line  is  broken  or  plugged  up? 

Answer  : — Yes. 

QUESTION: — Will  not  the  additional  margin  of  safety 
provided  by  four-wheel  brakes  be  absorbed  in  practice 
by  faster  driving? 

Answer: — It  certainly  should  be. 

Question: — If  the  front  wheels  lock  will  the  car  skid, 
that  is,  revolve,  or  will  it  merely  slide  ahead  in  a  straight 
line? 

Answer: — Unless  there  is  a  decided  crown  or  slope 
to  the  road,  the  car  will  slide  in  a  straight  line.  There 
will  be  a  slight  side-swerve;  if  the  car  is  on  a  crown  it 
will  tend  to  slide  sidewise,  but  not  pivot ;  the  car  as  a 
whole  will  tend  to  go  sidewise  slightly. 

Question: — Is  there  an  advantage  in  braking  front 
and  rear  wheels  diagonally  in  two  stages? 

Answer: — To  do  so  would  be  to  acknowledge  that  the 
equalization  is  poor.  If  the  brakes  are  equalized  I  think 
it  would  be  much  better  to  brake  all  four  wheels  and  not 
pay  special  attention  to  any  two.  There  can  be  no  ad- 
vantage in  braking  diagonally  unless  the  equalization  is 
poor. 

Clarence  Carson  : — Mr.  Loughead  has  said  that  he 
found  the  variation  in  brake-lining  coefficient  of  friction 
to  be  from  0.20  to  0.46,  I  believe.  It  is  rather  hard  to 
reconcile  that  statement  with  his  other  statement  that 
four-wheel  brakes  have  uniform  equalization.  I  do  not 
see  how,  even  if  he  has  uniform  pressure  per  square  inch 
on  the  pistons  and  the  actuating  mechanism,  he  can  have 
uniform  retarding  of  the  vehicle  on  all  four  wheels,  or 
even  on  two  wheels,  if  there  is  that  much  variation  in 
friction  between  lining  and  drum. 

Mr.  Loughead: — I  think  that  I  supplemented  the  latter 
statement  by  saying  that  we  equalized  up  to  the  band 
ends,  and  that  the  variable  which  we  could  not  control 
was  in  the  brake-lining  itself. 

Mr.  Carson: — It  seems  to  me  that,  with  the  greater 
part  of  the  braking  effort  on  the  front  wheels  of  the 
car  and  with  such  a  variation  in  the  coefficient  of  fric- 
tion, there  would  be  likelihood  of  bad  "slewing"  of  the 
car.  particularly  if  the  brakes  were  applied  on  a  curve. 
I  have  found  that  to  be  so  on  four-wheel-brake  cars  that 
I  have  tried.  Though  the  cars  hold  to  a  straight  course 
when  the  brakes  are  applied  on  a  straight  road,  if  the 
brakes  are  applied  in  making  a  turn,  the  car  is  liable  to 
go  wrong  end  first  instead  of  head  first. 

Mr.  Loughead: — That  condition  does  exist  to  a  cer- 
tain extent,  but  is  within  the  control  of  the  driver. 

Mr.  Carson  : — It  seems  to  be  a  problem  for  the  brake- 
lining  manufacturers  to  produce  a  lining  with  a  coeffi- 
cient of  friction  as  uniform  as  it  should  have  in  order 
to  get  the  results  that  are  sought  with  this  type  of  brake. 
At  the  present  time  I  do  not  think  that  any  of  them  can 
guarantee  it. 

Mr.  Loughead: — As  a  rule,  a  decided  change  in  the 
coefficient  of  friction  is  caused  by  a  severe  case  of  heat- 
ing. That  is  what  I  had  in  mind  when  I  mentioned  the 
extreme  drop  down  Pike's  Peak,  where  the  brakes  got 
very  hot  on  account  of  the  7000-ft.  drop  in  18  miles. 
That  did  not  occur  with  one  wheel  nor  with  another;  as 
a  rule,  it  occurs  in  all  four  wheels  more  or  less. 

Mr.  Carson: — The  Society  has  been  conducting  ex- 
perimental work  during  the  last  3  years  on  friction  ma- 
terials, in  conjunction  with  the  Bureau  of  Standards  at 
Washington ;  and  more  recently  I  think  there  have  been 
several   independent   investigations.      To   date   I   do   not 
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think  any   brake  nd,   regardlee 

.  variation  of 

ake  troubles  that  car 

r   having,   are   unjust. 

the  lining  and  the  way  it   is 

■    a   uniform  CO- 

tsfactory 

-  something  that  is  beyond  our 

.ike.  until  a  better  standard  of 

ped.     Probably  r>o  per  tent  of  the 
poor  .:ion   in  mechanical   brakes   is   due   to  link- 

e  overcome,  the  variables  will  be  re- 
i   from  two  to  one. 
Mk  N  : — I  take  issue  with  you  a  little  on  that. 

.ve  been  made  after  overcomii 
far  :■  nation  due  to  brake  linkage.     They 

have  been  made  on  the  drum  with  the  brake-lining  ap- 
plied as  directly  as  possible,  and  most  of  them  have  been 
on  U  It  has  been  found  that  the  coffi- 

ion  of  the  lining  is  extremely  variable;  it 
will  usually  start  out  fafrly  high  on  woven  types  when 
the  linir..-  .  but  the  frictional  heat  developed  when 

the  I  re  applied  causes  the  coefficient  of  friction 

to  fall  very'  quickly.  It  will  recuperate  when  the  drum  is 
allowed  to  cool.  This  variation  will  continue  throughout 
the  life  of  the  lining  and  is  caused  by  different  conditions, 
-.ther  thing  is  the  possibility  of  the  swelling  of  the 
lining.  On  brakes  designed  with  a  very  small  clearance 
frictional  heat  might  cause  some  types  of  lining  to  swell 
and  grip.  Is  it  not  true  that  if  a  front-wheel  brake 
should  grip  on  one  side  it  would  be  very  disastrous? 

Mr.  LOUGHEAD: — No;  we  have  run  cars  around  with 
one  front  wheel  completely  shut  off,  and  there  has  been 
no  ill  effect  from  it  at  all.  I  mean  that  a  three-wheel 
brake  is  absolutely  practicable  from  all  standpoints  in 
handling  the  car. 

Mf  \: — The  condition  I  referred  to  was  of  one 

lddenly  locking. 
Mr.  LOUGHEAD: — Sudden  locking  is  within  the  control 

r  and  depends  on  the  pedal  pressure  he  u 
Mr.    Carson: — The    average    car-operator    will     not 
:ication  carefully,  but  will  look  the 

Mr.  Loughead: — As  I  have  stated  before,  I  i  an  answer 

in  only  one  way;  we  have  1000  drivers,  who  have 

had  no  trout.:-  <-r  in  that  respect.   Of  course,  1000 

is  not  a  large  enough  number  on  which  to  render  final 

judgment,  but   we  have   1000  drrvi  have  covered 

'000    miles   with  ouble 

Mi.  much   interested  on  ac- 

frictional  material  problem,  but  I 
think  I  can  n  ilities  of  trouble  for  the  brake- 

lining   manu:.  until  such   time    M    a    lining    has 

•  ither   will   be  uni- 

i,  or 

the  front  and  rear  wheels 

'hat  the  "slewing"  effect  on  CO 

and  the  public  has  become  so  used  to 

river  behind,  in  order  to 

the  conclusion  1 1  car 

'.d  will  act  accord- 

of  the  a  occur  from  trying 

running.     With  four-wheel  brakes 
i  lethepoMl  lilitiee  ol  ii 

-.  and  it  will  take  much  slow  edu- 
■■'  that  condition. 
Mr.   I-oughead: — W-  'I  more  of  that  than 


actually  occurred.    We  have  bad  very  few  accidents.    I 

know  of  DO  accident  that  baa  resulted  in  more  than  a 
dented  fender;  when  the  number  of  miles  that  1  haw- 
stated  is  taken  into  consideration,  1  think  the  record  is 
remarkable. 

Mr.  Cabson:  A  ear  was  brought  to  me  some  time 
last  fall,  not  lilted  with  hydraulic  brakes,  however,  but 
equipped  with  four-wheel  brakes,  and  the  statement  was 
made  that  it  could  not  be  made  to  skid.  We  succeeded 
in  landing  on  a  man's  front  lawn  rear-end  first  while 
:  ing  round  a  curve;  so  apparently  they  do  sometimes 
skid. 

Mb.  Loughead; — I  should  say  that  that  was  a  me- 
chanical-type brake,  because  it  is  typical  of  mechanical 
four-wheel  brakes,  but  not  so  in  any  respect  of  the  hy- 
draulic brake. 

Me.  CABSON:  Have  you  had  any  trouble  with  the 
brake-lining's  losing  its  gripping  power  on  account  of 
the  lubricant's  seeping  by  the  pistons? 

Mb.  LOUGHEAD: — We  have  no  seepage  of  the  lubricant 
at  all;  absolutely  none. 

Mb.  (ARSON: — Have  you  any  cars  in  operation  around 
Saskatchewan,  where  the  temperature  is  about  40  deg. 
below  zero  fahr.'.' 

MB.  LOUGHEAD: — I  know  of  none.  The  lowest  that  1 
know  of  is  approximately  20  below  zero  fahr.  but  the 
fluid  we  use  will  not  solidify  above  60  deg.  below  zero 
fahr.  if  a  high  enough  alcohol-content,  which  we  recom- 
mend in  that  extreme  cold  weather,  is  used.  We  have 
run  cars  under  test  with  pure  alcohol  in  the  system  and 
have  had  no  trouble  on  account  of  it.  Of  course,  it  is  a 
little  harder  to  confine  and  there  is  more  evaporation 
from  the  refilling  tank  under  the  hood. 

Mr.  Carson: — Does  the  high  alcohol-content  of  the 
tlu id  affect  the  rawhide? 

Mr.  Loughead: — Alcohol  has  no  effect  on  rawhide 
at  all. 

G.  L.  McCain: — When  I  wrote  my  question  as  to  what 
omical  installation  could  be  made  on  a  light  car, 
what  I  had  in  mind  was  that  the  Ford  stops  too  quickly 
sometimes.  There  must  be  a  point  at  which  the  light 
car  can  be  stopped  as  well  as  need  be  with  brakes  on 
two  winds.  There  must  be  some  minimum  weight  at 
which  it  is  economical  to  install  four-wheel  brakes. 

Mr.  LOUGHEAD:-  A  car  weighing  10  11).  and  a  truck 
weighing  an  lie  stopped  in  the  same  distance  be- 

e  the  coefficient  of  friction  on  the  wheels  retards 
them  by  a  given  force,  so  that  the  weight  of  a  car  has 
nothing  at  all  to  do  with  the  distance  in  which  it  can  be 
stopped,  provided  that  there  is  an  efficient  means  of 
braking  the  wheels  up  to  the  point  of  sliding;  the  light 
car  requires  it  as  much  as  the  heavy  one. 

A.  L.  Clayden:  Mr.  Loughead  said  he  did  not  know 
any  reason  for  connecting  brakes  diagonally  except  to 
compensate  for  poor  equalization.  That  was  not  the 
original  idea  of  diagonal  braking  at  all.  The  original 
idea  of  the  diagonal  connection  was  this:  So  lot 
had  a  wheel  on  each  axle  rolling  free,  we  would  have 
either  end  of  the  car  under  steering  control  1" 

iily  when  a  wheel  cease     io  roll  that  steering  ability 

equently  if  we  lock  the  right  front  and  the 

left  rear  wheels,  and  leave  the  left  front  and  right  rear 

free  to  roll,  we  shall  have  the  locked  condition  on 

one  wheel  on  each  axle  and  can  still  steer  the  car  almost 

as  freely  as  if  no  wheels  were  locked  at  all. 

I  was  able  to  experiment  several  years  ago  with  some 
of  the  Argyll  cars  that  were  linked  up  diagonally  or 
linked  upon  all  four  wheels.  I  also  experimented  a  little 
with  a  hydraulic  system  very  much  like  the  present  sys- 
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tem  but  not  so  well  carried  out  in  detail.  I  also  tried 
four-wheel  brakes  with  diagonal  connections  and  all  four 
together. 

The  conclusion  I  reached  at  that  time  was  that  the 
increased  stopping  power  to  be  obtained  by  applying 
brakes  on  all  four  wheels  was  of  much  greater  practical 
value  than  the  theoretical  advantage  of  the  diagonal  con- 
nection. 

Perrot,  the  chief  engineer  of  the  Argyll  Co.,  is  the 
owner  of  a  number  of  patents  on  the  mechanical  applica- 
tion of  brakes.  In  1911  or  1912  he  was  very  strongly  in 
favor  of  the  diagonal  connection  and  the  Argyll  car  was 
built  on  that  principle,  with  a  rather  complicated  me- 
chanical connection  for  the  brakes. 

I  had  a  letter  from  M.  Perrot  only  recently  in  which 
he  said  he  had  entirely  given  up  the  idea  of  a  diagonal 
connection  and  had  come  round  to  my  original  view; 
that  the  plus  stopping  power  of  all  four  wheels  was 
worth  more  than  the  gain  from  diagonal  arrangement. 

L.  C.  Freeman: — Mr.  Loughead,  I  believe,  made  the 
statement  that  the  efficiency  of  his  transmission  system 
is  higher  than  that  of  the  usual  mechanical  linkage. 
Has  he  any  specific  data  to  support  that  statement? 

Mr.  Loughead: — The  efficiency  of  mechanical  linkage, 
properly  lubricated,  is  undoubtedly  in  the  neighborhood 
of  70  per  cent ;  that  is,  it  transmits  approximately  70  per 
cent  of  the  energy  from  the  foot-pedal  to  the  band  ends 
but  is  very  seldom  so  high  after  a  car  has  been  on  the 
road  from  6  to  8  months.  Very  few  persons  lubricate 
the  brake-rod  joints  until  something  freezes  or  sticks 
and  they  do  not  operate;  then  they  begin  to  drive  the 
pins  out,  put  kerosene  on  them  and  so  forth.  Very  few 
of  the  cars  running  today  have  properly  lubricated 
brakes.  They  are  very  inefficient,  often  not  more  than 
50  per  cent  of  the  energy  being  transmitted  from  the 
pedal  to  the  band  ends.  The  efficiency  of  a  fluid  column. 
on  the  other  hand,  unless  there  is  seepage,  remains  con- 
stant. The  liquid  acts  as  a  lubricant  on  the  pistons  and 
the  cup  packings  and  is  in  the  line  at  all  times;  the 
lubricant  must  be  there  if  the  brakes  are  to  operate. 

Mr.  Freeman  :— Constant  at  approximately  what  fig- 
ure? You  mentioned  70  per  cent  for  mechanical  trans- 
mission. 

Mr.  Loughead: — That  is,  if  well  lubricated.  I  have 
seen  very  few  transmissions  that  would  average  over  60 
per  cent  after  they  have  been  in  service.  An  efficient 
hydraulic  system  is  balanced  in  all  four  or  five  points, 
whereas  with  mechanical  linkage,  by  an  equalizer  bar, 
each  one  is  added  to  the  other.  The  efficiency  of  the 
hydraulic  system  is  about  82  per  cent  and  remains  con- 
stant. 

Mr.  Clayden  : — The  fact  has  been  mentioned  that  sev- 
eral braking  systems  developed  in  England  many  years 
ago  had  been  abandoned.  Anybody  who  has  had  an  op- 
portunity of  looking  at  them  will  have  no  difficulty  in 
understanding  why  they  have  been  abandoned. 


G.  W.  Harper: — Do  you  find  that  steering  requires 
more  effort  at  the  wheel  in  making  short  turns  when 
laterally  inclined  steering-pivots  are  used  to  bring  the 
intersection  of  the  tire  and  the  pivot  near  together  at  the 
ground,  than  when  the  steering-pivots  are  vertical? 

Mr.  Loughead: — When  inclined  steering-pivots  are 
used  the  effort  required  to  turn  the  steering-wheel  is  a 
little  greater  at  very  low  speeds  or  when  the  car  is  at 
rest.  This  is  due  to  the  "scrubbing"  action  of  the  tire 
and  the  slight  raising  of  the  car.  For  several  months  I 
have  driven  a  car  that  has  an  axle,  the  stub  ends  of  which 
are  set  at  an  angle  of  8  deg.  from  the  vertical  and  the 
projected  knuckle-pin  center-line  is  %  in.  from  the 
center-line  of  the  tire.  This  car  has  never  shown  any 
tendency  to  "shimmy"  and  the  slight  increase  of  steering 
effort  at  low  speeds  is  more  than  offset  by  the  greater 
ease  of  steering  over  rough  roads  and  at  high  speeds, 
for  most  of  the  road  shocks  are  absorbed  by  the  knuckle- 
pin  and  are  not  transmitted  through  the  steering-knuckle 
to  the  steering-wheel. 

Mr.  Harper  : — How  do  you  determine  the  theoretically 
correct  position  of  the  steering-knuckle  tie-rod  ball 
when  inclined  pivots  are  used  and  the  consequent  length, 
center  to  center,  of  tie-rod  balls? 

Mr.  Loughead: — The  only  difference  between  deter- 
mining the  position  of  the  steering-knuckle  tie-rod  balls 
with  inclined  pivots  and  those  of  the  conventional  verti- 
cal type  is  that  the  pivot  center-line  is  on  an  angle,  and 
the  location  of  the  ball  must  be  taken  from  a  line  parallel 
to  this  center-line.  As  the  location  of  the  ball  is  taken 
from  the  inclined  knuckle-pin  center-line,  the  distance, 
center  to  center,  between  these  balls  will  depend  on  their 
vertical  location. 

Mr.  Harper: — If  the  coefficient  of  friction  between  the 
lining  and  the  brake-drum  is  subject  to  such  wide  varia- 
tions as  from  0.2  to  0.5  under  various  conditions,  what  is 
the  advantage  of  perfect  equalization  in  applying  the 
operating  power  to  the  four  brakes  from  the  foot-pedal? 

Mr.  Loughead: — If  two  wrongs  could  make  a  right 
then  we  should  disregard  the  equalization  of  the  brake- 
operating  mechanism.  As  an  illustration,  take  two  cars, 
each  of  which  has  the  same  brake-lining,  but  in  one 
the  operating  mechanism  is  equalized,  and  the  other  has 
very  poor  equalization.  As  the  braking  loss  due  to  the 
variation  in  the  coefficient  of  frictiqn  is  the  same  in  both 
cases,  the  difference  in  stopping  ability  will  be  propor- 
tionate to  the  efficiency  and  the  equalization  of  the  oper- 
ating mechanism.  In  the  design  of  brakes  the  variation 
in  the  coefficient  of  friction  must  be  accepted  until  such 
time  as  there  shall  be  a  more  uniform  grade  of  lining 
available.  When  we  consider  that  this  extreme  change 
in  the  coefficient  of  friction  does  not  occur  during  more 
than  1  per  cent  of  the  miles  traveled,  and  when  it  does 
occur,  the  change  is  more  or  less  uniform  at  each  of  the 
wheels,  then  such  change  in  the  coefficient  should  be  con- 
sidered as  a  variation  in  foot-pedal  pressure,  rather  than 
as  a  loss  of  equalization  at  the  wheels. 
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LIMITATIONS  •  n  the  space  in  the  September  issue  of 
■-  u.  have  again  rendered  it  necessary  for 
■A  .  re  to  be  made   from  the  usual  practice 

-•  a  paper  and  the  discussion  following  its 

•  n  tat  ion  in  the  same  issue.  This  paper  was  pub- 
1  last  month  and  the  discussion  following  its  presen- 
tation is  given  below.  As  is  the  custom  an  abstract  of 
the  paper  precedes  the  discussion  so  that  those  of  the 
members  who  did  not  read  the  paper  when  it  was  printed 
in  the  Septemlier  issue  of  Tat:  JOURNAL  can  gather  some 
knowledge  of  the  subjects  covered  by  reading  the  abstract 
if  they  do  not  wish  to  take  the  time  to  read  the  complete 

ABSTRA'    I 

THE  author  surveys  some  of  the  general  condition.- 
prevailing  in  the  street-railway  field  and  the  pros- 
pective development  of  a  new  type  of  service,  in  discus- 
sing the  necessity  for  closer  cooperation  between  the 
engineers  of  the  automotive  industry  and  the  operat- 
ing organizations  of  the  railways,  the  idea  being  t<> 
develop  flexible  transportation-equipment  that  will  co- 
ordinate with  the  operation  of  present  railway-trans- 
portation facilities  and  to  promote  the  utilization, 
wherever  feasible,  of  railway  power-supply  in  the 
employment  of  flexible  bus-type  equipment  in  supple- 
menting and  extending  railway-organization  Bervice. 

Changing  conditions  are  outlined,  the  influences  tend- 
ing toward  flexible  equipment  are  stated,  and  the  dif- 
ferences of  engineering  practice  pertaining  in  the  rail- 
way and  automotive  fields  are  commented  upon  to  show 
wherein  railway  and  automotive  engineers  can  co- 
operate. 

The  trolley  bus  is  considered  in  some  detail  as  being 
one  solution  of  the  problem,  and  the  Mercedes  Stoll, 
the  Filovia  and  the  Max  Schiemann  systems  of  opera- 
tion are  described.  Present  national  practices  of  op- 
•  n  with  various  types  of  equipment  are  mentioned, 
and  a  description  of  dual-power  bus-equipment  and 
:  indent  buses  having  electrical  transmissions,  with 
comment  thereon,    is    included.      Body  and   chassi- 

ments  are  enumerated,  the  permanency  of  pnblic- 

•    ■  •  •  :tion  and   i>r..  pecttve    itreel  rai 
ness    is    <  |,    and    the    requirements    of 

called  "flexible"  equipment  are  treated  at  length. 

THE  DISCUSSION 
C.  Becker  :  During  the  pa  ears  we  b 

id  many  -weeping  st.v  'hat  the  elec 

-terns    of    our    cities    and 

OUtlived  their  Usefulness  arid  are  about 

ind  replaced  by  railless  vehicle.-     Many  ex- 
•    claims  •  en    made,    usually    by    pel 

ly  misinformed  or  who  deliberate], 

,    thai  :;    tie   operated 

trie-railway  cars,     furiously,  some 

.. wintering    Corporation,     New 


of  the  most  distorted  statements  find  their  way  into  the 
daily    press  and   other  publications.      As   an   example,   1 
an  actual  instance. 

Recently,  there  appeared  in  one  of  the  most  conserva- 
tive and  reliable  newspapers  of  New  York  City  a  state- 
ment purporting  to  show  that  the  operation  of  buses  is 
so  much  cheaper  than  the  operation  of  electric  cars  'hat 
the  latter  can  scarcely  hope  to  survive  much  longer.  The 
author  presented  figures  comparing  the  two  types  of 
transportation  system  that  were  little  short  of  ridiculous. 
He  estimated  the  cost  of  operation  of  a  double-deck  gaso- 
line-driven motorbus  at  24  cents  per  mile.  As  a  matter 
of  fact,  the  Fifth  Avenue  Coach  Co.'s  operating  cost  for 
the  year  ended  June  30,  1922,  was  :'.8.:5  cents  per  bus 
mile,  about  60  per  cent  greater  than  the  figure  used  by 
the  author  of  the  article  referred  to.  Incidentally,  the 
author  stated  that  the  Fifth  Avenue  Coach  Co.  was  per- 
haps the  most  successful  bus  system  in  the  Country  and 
he  included  in  his  article  a  statement  of  its  annual  earn- 
ings, passengers  carried  and  other  financial  statistics. 
His  comparisons  were  made  without  regard  to  the  rela- 
tive seating  capacities  or  the  maximum  carrying  capaci- 
•>f  the  several  types  of  vehicle  and,  in  general,  his 
entire  argument  was  almost  devoid  of  facts  or  common 
sense. 

As  engineers,  we  are  all  aware  that  comparisons  made 
no  a  bus-mile  or  car-mile  basis  must  take  into  considera- 
tion the  relative  carrying  capacities  of  the  different  types 
of  vehicle.  It  is  sometimes  astounding  to  observe  the 
manner  in  which  so-called  experts  blandly  disregard  in 
their  analyses  such  factors  as  seating  capacity,  schedule 
speeds  and  other  important  items  that  have  a  vital  lien 
ing  on  operating  costs.  For  the  comparison  of  operating 
costs  of  widely  dissimilar  types  and  sizes  of  vehicle,  a 
mile  basis  is  tar  more  accurate  than  the  vehicle- 
mile.  Perhaps  the  most  accurate  basis  of  comparison  is 
the  relative  cost  per  passenger  carried.  This  figure, 
when  compared  with  the  fare  charged,  tells  the  true  story. 
In  this  connection,  I  point  out  that  the  cost  of  operation 
per  passenger  carried  on  the  Fifth  Avenue  Coach  Co. 
em,  which  operates  under  extremely  favorable  ion 
ditions,  was  slightly  more  than  7  cents  for  the  year  ended 
June  80,  1922,  not  including  fixed  charges.  Obviously, 
this  company  could  not  exist  on  a  5-cent  fare.  Also,  the 
weighted  average  cost  of  operation  per  passenger  ear- 
ned, lor  a  group  of  103  city  elect  ric-railway  companies 
operating  all  types  of  car  and  under  all  sorts  of  operating 
conditions,  was  approximately  5' i  cents  for  the  year 
ended  Dec.  81,  1921,  not  including  fixed  charges.  Similar 
figures  now  ompiled   for  the  year   1922  indicate 

thai  the  cos!  will  be  slightly  less  than  this  figure. 

in  obi  Mo.-,   Requirements 

The  pioneers  in  the  bus-transportation  field  had  very 
little  knowledge  of  the  requirements  of  the  business  in 
which  they   were  engaged.     Most    of  them   made  little 
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effort  or  else  were  unable  to  determine  whether  or  not 
they  were  operating  at  a  profit.  In  many  cases  the  sys- 
tems of  accounting  set  up  did  not  take  into  consideration 
all  of  the  operating  expenses,  not  to  mention  taxes,  in- 
terest and  customary  replacement  charges.  The  result 
was  that  many  of  the  lines  which  showed  a  book  profit 
actually  were  being  operated  at  a  loss. 

Mr.  Kennedy  has  visualized  the  existing  conditions 
and  recognizes  the  fact  that  no  form  of  transportation 
has  yet  been  devised  that  can  supplant  the  electric  rail- 
ways and  the  railroads.  The  railless  type  of  vehicle  un- 
doubtedly is  destined  to  play  an  important  part  in  the 
future  transportation  systems  of  our  cities  and  communi- 
ties. Its  most  important  function,  at  present,  as  pointed 
out  by  Mr.  Kennedy,  is  to  supplement  existing  rail-trans- 
portation facilities  in  such  a  manner  that  the  coordinated 
service  will  best  meet  the  needs  of  the  people.  It  is  gen- 
erally recognized,  as  Mr.  Kennedy  points  out,  that  "the 
existing  electric-railway  organizations  are  experienced 
as  no  other  agency  in  the  utilization  and  operation  of 
transportation  equipment."  This  view  has  been  widely 
accepted  by  state  public-utility  commissions,  many  of 
which  have  taken  the  position  that  the  transportation 
needs  of  any  city  can  be  served  best  by  permitting  the 
established  transportation  company  to  maintain  a  mo- 
nopoly. In  other  words,  the  best  interests  of  a  com- 
munity will  be  served  and  transportation  will  be  pro- 
vided most  economically  by  the  elimination  of  wasteful 
competition  and  the  coordination  of  all  service  under  one 
reliable  agency. 

In  a  recent  address  at  Detroit,  Alfred  Reeves,  general 
manager  of  the  Automobile  Chamber  of  Commerce,  said: 

Bus  truck-lines  have  not  all  been  successful  gener- 
ally because  of  mismanagement  or  because  of  routes 
that  furnish  insufficient  return.  All  this  means  that 
railroad  men  are  the  proper  ones  to  take  charge  of 
bus  and  truck  operations,  making  them  feeders  to  the 
trolleys  and  steam  lines.  The  automotive  industry  is 
anxious  to  cooperate  in  every  way  that  will  make  for 
each  department  of  transportation  finding  its  proper 
place,  and  this  means  efficiently  serving  the  public 

The  problem  before  everyone  interested  in  transporta- 
tion, therefore,  is  the  coordination  of  all  facilities  avail- 
able. No  conflict  is  being  waged  between  the  electric 
railways  and  the  motor-vehicle  industry;  instead,  the 
heartiest  cooperation  exists.  Many  electric-railway  com- 
panies are  utilizing  the  motor  vehicle  today  as  an  ad- 
junct to  their  rail  systems.  The  trackless  vehicle  should 
serve  a  very  useful  purpose  in  the  development  of  terri- 
tories that  heretofore  have  not  been  served  by  any  form 
of  transportation,  and  it  should  be  especially  useful  in 
building  up  new  territories  until  the  time  is  reached 
when  service  can  be  given  more  cheaply  by  rail  cars. 
Property  owners  and  residents  are  assured  of  a  per- 
manent service  when  the  responsibility  for  that  service 
rests  with  the  electric-railway  company,  and  they  will 
be  encouraged  to  build  homes  and  fully  develop  the  com- 
munity. It  should  be  borne  in  mind,  however,  and  the 
public  must  be  educated  to  a  realization  of  the  fact  that 
if  service  by  buses  is  more  expensive,  a  higher  price  will 
have  to  be  charged  for  it  than  is  charged  on  the  electric 
cars. 

Preferred  Routes  and  Taxation 

A  large  percentage  of  the  present  bus  systems  are 
operating  over  what  can  be  called  preferred  routes. 
Naturally,  in  choosing  suitable  routes  for  the  inaugura- 
tion of  the  bus  system,  the  operators  have  selected  the 
pastures  having  the  greenest  grass.     Those  who  advo- 


cate scrapping  the  railways  and  substituting  buses  must 
not  forget  that,  just  as  soon  as  the  buses  attempt  to  pro- 
vide service  for  an  entire  community,  they  will  find 
themselves  operating  over  many  lean  routes  with  the  re- 
sult that  the  net  earnings  will  be  seriously  affected. 
This  is  a  condition  that  practically  every  electric  rail- 
way has  had  to  meet.  Many  routes  that  are  necessary 
to  the  transportation  needs  of  a  community,  if  indepen- 
dently operated,  will  not  stand  on  their  own  bottoms  and 
must  be  carried  by  the  profitable  lines. 

Ruses  have  not  been  subjected  to  the  same  burdens  of 
taxation  and  regulation  as  the  electric  railways  have. 
Most  electric  railways  are  required  to  pay  for  the  paving 
between  the  rails  and  for  a  certain  distance  outside  of 
their  tracks.  They  have  to  pay  for  watering  streets,  for 
snow  removal  and  a  percentage  of  their  gross  income  in 
state  taxes;  in  many  cases,  they  pay  a  tax  to  the  com- 
munity, franchise  taxes,  license  fees  and  various  other 
charges  that  put  a  very  heavy  load  upon  them.  If  the 
same  burdens  are  placed  upon  the  motor  vehicle,  it  will 
be  found  that  the  railless  system  cannot  successfully 
compete  at  the  same  rate  of  fare  with  the  electric  rail- 
way. 

Properly  Coordinated  Service 

The  possibilities  for  cooperative  work  between  the 
automotive  engineers  and  the  electric-railway  manage- 
ments in  the  development  of  a  flexible  type  of  railless 
vehicle  that  will  meet  the  rigid  service  requirements  of 
transportation  service  have  been  clearly  expressed  by  Mr. 
Kennedy,  who  says:  "In  the  street-railway  organiza- 
tion, taken  collectively,  there  exists  a  greater  potential 
group  of  consumers  than  has  ever  existed  in  any  single 
direction." 

We  all  must  think  in  terms  of  transportation  and  not 
of  certain  types  of  car  or  bus.  We  must  bend  our  efforts 
toward  the  development  of  the  most  efficient  vehicles  to 
fit  into  a  properly  coordinated  transportation  service,  if 
we  expect  to  keep  abreast  of  the  ever  increasing  demands 
made  upon  us.  An  interesting  point  to  be  noted  is  that, 
in  spite  of  the  enormous  increase  in  the  ownership  of 
private  automobiles  and  the  numerous  installations  of 
bus  systems,  the  number  of  passengers  handled  on  the 
electric  railways  in  1922  reached  what  is  believed  to  be 
the  highest  level  in  the  history  of  the  industry,  approxi- 
mately 15,000,000,000. 

The  "store-to-door"  freight-delivery  business  has  not 
yet  received  any  extensive  consideration  in  this  Country. 
It  has  been  developed  in  a  small  way  by  some  interurban 
electric  railways  through  the  use  of  delivery  trucks  oper- 
ated to  and  from  terminals.  I  believe,  with  Mr.  Ken- 
nedy, that  this  field  has  great  possibilities,  if  the  prob- 
lem is  given  the  careful  consideration  it  deserves. 

Design  Features 

Designers  of  automotive  equipment  for  passenger- 
transportation  service  ought  to 

(1)  Develop  designs  along  such  lines  as  will  permit  a 

maximum  of  standardization 

(2)  Give  adequate  consideration  in  the  designs  to  the 

inclusion  of  such  safety  features  or  safety  de- 
vices as  have  proved  practicable 

(3)  Embody,  insofar  as  it  can  be  economically  justi- 

fied, in  the  designs  such  details  as  will  provide 
for  the  maximum  comfort  and  convenience  of 
passengers 

(4)  In  the  design  of  cars  for  city  service,  give  exten- 

sive study  to  entrance  and  exit  design  to  facili- 
tate the  rapid  loading  and  unloading  of  passen- 
gers 
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K.  E.  Fielder: — Regarding  Mr.  Ke;  tatement 

iline-elec- 

ikl  have  con- 
j  the  p  i  f  this  tj  [uipment  were  it 

and   in   regular  production,   these  chassis   had 
mounted  on  them  what  were  then  our  standard  34-pas- 
i  were  later  equipped   with  a  De  Dion 
engine   of    110-mm.    1 4.:'.3    in.)    bore    and 
130-:-  roke  connected  to  a  generator,  this 

powt  •  ing  mounted  on  a  sub-frame.     The  power 

igh  two  motors  connected  by  chains 
to  e;:  In  first  speed,  the  motors  were  con- 

nected in  d  speed,  in  parallel.     The  ac- 

.ition  of  these  bus  luggisb,  it  being  necessary 

to  race  the  engine  to  high  speed  to  excite  the  generator 
so  that  enough  current  could  be  obtained  for  the  motors 
to  get  the  bus  under  way.  The  gasoline  consumption  was 
much  greater  than  obtained  with  the  standard  me- 
chanical-- laea  and,  although  the  vehicle 
was  similar,  except  for  the  electrical  transmission,  its 
unladen  weight  was  664  lb.  greater  than  that  of  our  then 
standard  bus. 

fects  in  the  electrical  units  were  often  difficult  to 
locate,  even  when  experienced  engineers  wen'  called  in. 
:'ul  bus  hours  were  consequently  lost.  After  fol- 
lowing the  history  of  all  the  various  electric  transmis- 
sions in  this  Country  and  in  Europe  for  the  past  15 
-,  and  although  substantial  improvements  have  been 
made  recently,  mechanical  transmissions  also  have  im- 
proved and  the  difficulties  formerly  experienced  with 
them  have  practically  disappeared.  I  have  no  prejudice 
against  either  system  and  believe  that  the  matter  re- 
solves itself  into  a  question  of  which  particular  system 
will  give  the  best  practical  results.  In  1910,  our  ex- 
perience and  records  caused  us  to  standardize  on  buses 
with  the  mechanical  type  of  transmission  that  we  are 
Since  we  started  at  this  time  to  build  our 
own  -t,  the  matter  of  production  was  one  that 

in  our  own  control  and  not  a  deciding  factor 
in  favor  of  mechanical-transmission  buses.     Since  1916, 
ither  modern  electric-tran  sys- 

;n  justified  our  decision. 

Gasoline  \  mc  Poweh 

to  admit  that  the  electric  system, 
■i   all  tha 
hat  he  looks  to  thi  p  him 

From  my  experience.  I  ■     or  later 

ard  the  •  nd  of  it  and  take  the  | 

ing  today.     I  ha  i  a  number  of 

•hat  are  using  trolley 

'raight  gasoline  bus,  and  have 

the  latb  far  the  more  efficient 

and  nd  for  fdling 

foi  mer  type  has  its  field. 

ley  car  of  t<  i  baa  its  field,  and 

ong  time  before  the  bus  entirely  usurps  it, 

•iificant  that  five  of  our  c^  who 

giving  us  large  repeat  or- 

them  have  found 

it  very  much  less  than  the  cost  of  electricity 


for  the  trolley  car.     A  company  in  New  York  state  is 

finding  that  the  motorbus  is  more  economical  to  operate 
than  the  trolley  car. 
C.  W.  Kellogg":— I  emphasize  what  Mr.  Hecker  has 

said  about  the  attitude  of  the  elect  ric-railway  companies 

to  the  effect  that  we  are  trying  to  take  care  of  the  trans 
portation  needs  of  the  people  who  live  in  the  various  i  il 
in  which  we  operate  and  thai  we  are  willing  to  use  what 
ever  agencies  turn  out  to  be,  after  proper  trial,  the 
to  furnish  that  transportation, 

Business  Competition 

ncerning  Mr.  Kennedy's  statement  that  electric  rail- 
ways have  grown  up  under  non-competitive  conditions, 
the  natural  inference  is  that,  not  having  had  the  spur 
that  competition  furnishes  to  any  business,  thej  have 
inclined  to  lean  back,  let  events  take  the  natural 
course  and  not  work  very  hard.  To  the  outsider  that  con- 
dition may  seem  to  exist,  bul  electric  railways  have  had 
problems  that  have  served  as  a  spur  to  great  effort.  I 
think  they  have  been  just  as  compelling  as  the  ordinary 
requirements  of  competition  in  other  lines  of  business. 
For  example,  the  5-cent  fare  has  necessitated  much 
thought  and  study  on  the  part  of  electric-railway  man- 
agement to  make  both  ends  meet.  Competition  in  busi- 
ness causes  a  strenuous  effort  to  improve  service  and  re- 
duce costs,  and  the  competition  the  electric  railways  have 
faced  has  always  been  the  effort  to  make  a  satisfactory 
financial  showing  so  that,  with  a  fixed  rate  of  fare,  they 
could  continue  to  exist  ami  take  care  of  the  rapidly  grow- 
ing and  insistent  public  demands  for  transportation 
service. 

What  has  been  said  about  the  design  of  equipment  for 
carrying  passengers  is  most  important.  In  satisfying 
transportation  requirements,  the  problem  that  faces  auto- 
motive engineers  more  than  any  other  is  that  of  the 
design  of  a  comfortable,  low-center-of-gravity  vehicle 
that  the  public  will  find  comfori   in  using. 

F.  C.  Horner: — I  agree  with  Mr.  Kennedy  in  what  he 
says  about  the  makeshift  methods  we  have  used  in  both 
chassis  and  body  design  of  mechanically  propelled  ve- 
hicles for  passenger  transport.  Our  automotive  en- 
gineers have  either  lost  sight  of  one  very  important 
fact  or  else  have  purposely  evaded  it,  which  i-  tl 
motor  truck  averages  between  8000  and  10,000  miles  per 
year,  whereas  a  motorbus  averages  from  30,000  to  40,000 
miles,  in  some  cases  reaching  50,000  miles  per  year,  and 
usually  travels  at  a  much  higher  speed  than  the  truck. 
Therefore,  disregarding  the  many  other  differences  in 
operation  of  the  of  vehicle,  some  of  which 

nit  as  the  difference  in  mileage,  we 
have  left  much  to  he  desired  in  meeting  the  require 
ments  of  the  passenger-carrying  motor-vehicle  operator. 
In  this  connection,  I  quote  ail  extract  from  a  paper  by 
If.  E.  Blain,  assistant  managing  director  of  the  Loud. Hi 
General  Omnibus  Co.,  presented  before  the  Bru 
Transport  Congress  in  October,  1922.  Referring  to  the 
I  ion  of  motoi  gn,  he  said  : 

It  cannot  he  tun  strongly  emphasized  that  an  omni- 
bus chassis  is  an  different  chassis  from  an 
ordinary  truck  chassis,  requiring  special  consideration 
in  its  springs,  its  weight  and  its  efficiency,  and  I  was 
specially  struck,  during  a  vil  il  to  the  United  States  and 
ada  iri  1921,  with  the  failure  there  to  realize  this 
important  point 

All  of  the  motorbus  men  I  have  talked  with  abroad 
referred  to  this  American  practice  of  using  an  ordinary 
motor-truck  chassis  with   a    few  minor   modifications  as 
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to  springs,  gear  ratio,  and  the  like,  with  any  old  make- 
shift body  for  passenger-carrying  work.  However,  even 
in  the  short  time  I  have  been  home,  I  have  noticed  a 
very  decided  change  for  the  better  in  this  matter,  and  I 
am  confident  that  we  are  at  last  awake  to  the  necessity 
for  a  different  policy. 

The  Trolley  Bus 

Although  agreeing  with  Mr.  Kennedy  in  certain  re- 
spects on  the  matter  of  the  trolley  bus,  I  feel  justified  in 
calling  attention  to  the  fact  that  the  use  of  the  trolley  bus 
in  Europe  has  increased  little  or  none  since  the  installa- 
tions made  at  Bradford  and  at  Leeds,  England,  about  10 
years  ago.  All  of  the  managers  of  tramway  undertak- 
ings with  whom  I  discussed  the  matter  felt  that  the 
trolley  bus  was  unsuitable  for  their  particular  city.  After 
expressing  this  opinion,  they  usually  advised  me  to  go  to 
Bradford  and  to  Leeds,  where  these  vehicles  have  been 
in  operation  for  years.  In  fact,  I  am  told  that  Mr.  Hamil- 
ton, the  Corporation  Tramway's  manager  at  Leeds,  was 
the  pioneer  in  trolley-bus  operation  in  England;  he  is 
probably  the  best  informed  man  on  the  subject  in  Europe. 
Most  of  these  tramway  men  stated  as  the  principal  ob- 
jection to  the  trolley  bus  that  it  contains  many  of  the  dis- 
advantages of  the  trolley  car  but,  at  the  same  time,  lacks 
most  of  the  advantages  of  the  motorbus.  The  Bradford 
and  the  Leeds  trolley  buses  have  had  many  vicissitudes 
but.  although  they  are  giving  satisfactory  results  in  some 
respects,  from  the  standpoint  of  economy  they  leave  much 
to  be  desired,  as  is  evidenced  by  the  cost  figures  given 
in  Table  4. 


TABLE    4 — BRADFORD 

31    ENGLAND,    1921 

TROLLEY-BUS    AND 

TRAMCAR   COSTS 

Items 
Per  Car  Mile 

Trolley  Buses 
Pence      Cents 

Tramcars 
Pence      Cents 

Expense 
Traffic  Revenue 
Profit 
Loss 

20.57         42 
13.24         27 

7.33         15 

23.48 

26.56 
3.08 

47 
54 

7 

31  In  Bradford,  18  trolley  buses  operate  on  9  miles  of  routes. 

In  my  opinion,  the  field  for  the  trolley  bus  in  this 
Country  is  very  limited,  for  many  reasons  besides  those 
I  have  mentioned  but  which  time  will  not  permit  dis- 
cussing now.  I  should  add  that  a  six-wheel  trolley-bus  is 
on  trial  at  Bradford,  England,  and  also  that  the  City  of 
Birmingham,  England,  has  recently  purchased  several 
trolley  buses,  the  preliminary  tests  of  which  I  witnessed 
at  Leeds,  England,  in  the  summer  of  1922. 

Dual  Power  Equipment 

One  other  matter  mentioned  by  Mr.  Kennedy  is  that 
of  using  a  tractor  of  the  railway  company,  having  dual 
power  equipment,  to  transport  goods  between  railway 
terminals  and  traders'  store  doors;  in  other  words,  to 
perform  a  "store-door  delivery."  This  is  service  by  a 
combination  of  straight  electric-railway  lines  and  track- 
less-trolley vehicles  running  through  the  streets  of  a 
city.  Is  my  interpretation  of  what  Mr.  Kennedy  has 
in  mind  correct;  if  so,  will  he  explain  how  this  would 
be  an  improvement  over  present  methods,  and  also,  would 
it  reduce  the  wasteful  traffic  congestion  in  our  city 
streets? 

I  call  attention  to  the  necessity  for  looking  at  this 
whole   subject   of   transportation   in  the   broadest   pos- 

M  Sales  manager  of  the  special  works  department,  J.  G.  Brill  Co., 
Philadelphia. 


sible  way.  For,  is  not  the  solution  of  the  problem  to 
be  found  more  readily  than  by  simply  operating  along 
conventional  lines  to  meet  the  needs  of  today?  Is  it  not 
rather  that  we  should  stand  off  and  study  the  conditions 
from  a  distance  so  as  to  get  the  right  perspective?  An 
Englishman,  who  is  one  of  the  best  informed  road-trans- 
port men  I  know,  wrote  me  a  short  time  ago  as  follows: 

The  solution  of  our  traffic  problems  would  seem  to 
lie  only  in  well  considered  town  planning  where  work 
places  and  living  places,  productive  centers  and  trans- 
port facilities  will  be  well  coordinated  so  as  to  avoid 
all  unnecessary  transport,  whether  of  passengers  or  of 
goods,  and  where  interdependent  places  will  be  knit 
together  by  the  most  direct  routes 

This,  to  my  mind,  sums  up  the  whole  problem  in  an 
admirable  way.  I  am  glad  to  say  that  a  movement  al- 
ready has  been  started  in  New  York  City  to  work  out 
the  solution  along  the  lines  my  friend  suggests.  I  refer 
to  the  Plan  of  New  York  and  Its  Environs  that  is  being 
carried  on  by  the  Russell  Sage  Foundation.  This  will  be 
a  thorough  and  unbiased  investigation  by  experts ;  conse- 
quently, if  used  intelligently  and  honestly,  the  informa- 
tion obtained  will,  I  believe,  show  us  the  way  to  make 
New  York  City  a  desirable  place  in  which  to  live  and 
carry  on  our  business.  At  the  earliest  possible  moment, 
the  same  remedy  should  be  applied  in  many  other  "of 
our  cities.  I  think  it  is  safe  to  predict  that  the  motor- 
bus  will  occupy  an  important  place  wherever  passenger 
transport  is  involved. 

C.  J.  McPHERSON23: — From  my  conversation  with  a 
number  of  representatives,  the  automotive  industry  seems 
to  feel  that  the  street-railway  industry  is  not  inclined  to 
adopt  the  automobile  as  a  transportation  medium.  From 
my  contact  with  the  street-railway  industry,  that  is  not 
true;  but  the  fact  remains  that,  eliminating  the  three 
best-known  bus  installations  in  the  United  States,  few 
such  installations,  if  any,  are  making  money  where  they 
are  operating  as  corporations.  In  the  Baltimore  installa- 
tion, the  cost  is  roughly  39  cents  per  bus  mile,  and  the 
receipts  are  slightly  less  than  36  cents  per  bus  mile, 
showing  a  dead  loss. 

A  Profit-Earning  Vehicle  Needed 

The  street-railway  industry  must  develop  or  secure 
a  vehicle  that  can  be  operated  at  a  profit.  The  bus 
apparently  cannot  be  so  operated,  taking  the  case  I 
mentioned  as  typical.  If  the  fare  is  increased,  the  total 
receipts  decrease,  as  has  been  proved  with  street  cars 
as  well  as  buses.  This  has  been  proved  in  Boston  for 
the  street  railways.  The  trackless  trolley  has  been  tried 
experimentally  to  see  if  that  is  the  vehicle.  The  company 
I  am  connected  with  has  installed  a  large  quantity  of  such 
equipment  in  this  Country.  We  hold  no  definite  brief 
for  the  trackless  trolley,  in  spite  of  that.  It  may  be 
the  vehicle  and  it  may  not.  We  are  not  convinced  that 
it  is.  The  automotive  industry  has  developed  a  vehicle 
that  is  the  mechanical  marvel  of  all  time,  the  auto- 
mobile; but  the  automobile  bus  and  the  trackless  trolley 
apparently  are  not  the  vehicles  that  the  street-railway 
industry  needs,  and  it  devolves  upon  somebody  to  develop 
the  needed  vehicle.  It  is  you  automotive  engineers  who 
should  have  the  knowledge  and  the  ability  to  produce 
that  vehicle. 

The  Storage-Battery  Vehicle 

Mr.  Kennedy  mentions  the  storage-battery  too  briefly 
in  his  paper.  Recently,  a  man  very  active  in  the  sales 
end  of  the  motor-truck  industry  said  that  the  storage- 
battery  vehicle  had  accomplished  so  little  because  of  lack 
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but    the   frasoline-driven    bua    has    not 
It  the  motor-driven  storage-bat- 
ible,  it  offers  wonderful  advanb 

industry,  which  has  the  power  in 
qua:  i  low  price.    If  that  desired  vehicle  can 

be  prodi;  -nould  be  operated  at  a  lower   mainten- 

that  of  the  gasoline  engine. 
.  the  trackl.  -  •  ma  to  offer  won- 

s,  but  such  vehicles  as  have  been  pro- 
nt  are  mongrels,  using  automobile 
par:-  artkularlv  well  adapted.     Automo- 

-■iould   develop   parts,    primarily    axles. 
that  service. 
ting  a  further  remark  of  Mr.  Kennedy's,  if 
possible  to  utilize  the  present  power  that  the  street 
railways  have  at  their  disposal  by  means  of  the  Btorage 
batt.  -  much  to  be  desired.     The  trackless  trolley, 

due  •  pad  route  and  its  lack  of  range,  has  certain 

political  advaj  The  fact  that  the  trackless  trolley 

...   on  a  fixed  route  will  unquestionably  render  it 
ire    franchises;    it    is    there   and   cannol 
moved  from   one   locality   to  another,    particularly   from 
one  State  to  another,  and  it  can   be   taxed   and   definite 
■  ility  fixed  upon  it.     The  information  that  any- 
one would  need  in  developing  a  vehicle  for  this  Bervice 
isily  obtained.    The  street  railways  are  ready  to  give 
:her  direct  from  the  individual  railways  or  through 
the    American    Electric    Railway    Association.      We,    as 
equipment  builders  to  the  street-railway  industry,  stand 
ready  to  give  to  the  automotive  industry  any  information 
we  have  at  our  disposal.     We  are  facing  a  definite  en- 
gineering problem. 

Mr.  Fielder: — Our  statistics  show  that  the  operation 

jf  the  Fifth  Avenue  motorbu.-es  in  New  York  I 

•■ward  of  38  cents  per  mile.     This   is  due  to  many 

one   being  excessive  taxation   and    another   the 

fact  that  we  operate  two-man  buses  for  the  most   part. 

antiated  fact  that  three  of  our  customers. 

who  operate  single-deck  buses,  are  doing  so  at  a  cost  of 

from  20  to  24  cents  per  mile. 

Prof.  Morton  Asenot" — Mr.  Kennedy  ha-  emphasized, 
and  correctly  the   need  of  cooperation   between   rail- 

and  automotive  engineers  and  th.  ration  ol 

"ation  and  auxiliary  |  reet- 

railway  corporations.    Recently,  I  visited  Baltimore  and 
:  this  general  situation  with  the  management  of 
&  Electric  Co.     This  corporation 
the   fullest   degree.      It   operal  lard 

troll-  and  trackless  trolleys  and  shows  clear- 

ly that  each  vehicle  h  -here.     In   regard   to  what 

done   concerning   certain    Im- 
portation,  it  must  be  admitted  that  emergency  de- 
temporary   routing  can   only    be 
e  bus,  the  electric  bus  or  thi 

.'.'   of  their  extreme  flexibility. 
f-propelling  vehicle-  has  its  advoi 
•heir  relative  merits  now. 

i<  E  in  New  York  <"ity 

i-.wn  of  certain  of  the  surface 
and   the  growing 
town  Bervice,  Commissioner 
•■  Department  of  Plant  and  Si 
of  New  York  was  authorized  bj 
Boar  nt  permit     foi  the  operation  of 

^dividual,-;  on  a  5-cent-fan 


New 

: 


so  long  as   the  lines  conformed  to  the  regulations  set   up 
by  the  Department,  and  so  long  as  the  street-railwaj 

companies  did   OOl   succeed   in  getting  injunctions  to  stop 

their  operation.    The  observance  of  these  "City"  regula- 
tions is  made  certain  by  the  appointment  of  "City"   bus 

supervisors.  Complaints  as  regards  the  returns  from 
these  vehicle-  on  a  5-eent-fare  basis  have  not  been  re 
.  .1  by  the  Commissioner  except  in  a  few  cases,  and 
these  complaints  have  been  satisfied  by  transferring 
buses  for  short  periods  from  paying  to  non-paying 
routes  ami.  conversely,  to  equalize  the  returns.  It  can 
also  be  emphasized  that  the  80-called  non-paying  roads 
are  seasonable,  being  very  remunerative  in  summer.  In 
general,  these  buses  are  operated  over  relatively  short 
hauls;  they  are  well  filled  and  even  crowded.  When  the 
haul  is  long,  the  number  of  passengers  in  and  out  per  <  ar 
mile  runs  high. 

Stated  [si  and  Service 

I  feel  that  the  ordinary  gasoline  bus  is  not  the  solu- 
tion of  transportation  in  partially  undeveloped  district- 
where  the  law  does  not  prohibit  the  erection  of  overhead 
wires.  On  Staten  Island  the  City  has  experimented  with 
the  5-cent-fare  emergency-bus  and,  on  account  of  the 
hilly  country  and  the  relatively  long  hauls,  the  operation 
was  abandoned  because  it  did  not  pay,  even  before  an 
injunction  was  issued  against  the  operation  of  these 
emergency  buses.  In  casting  around  for  a  substitute 
for  bus  operation,  Commissioner  Whalen  became  inter- 
ested in  the  trackless  trolley  and.  in  the  summer  of  1921. 
decided  to  construct  such  a  line  to  cooperate  with  the 
municipally  operated  trolley  systems  on  Staten  Island, 
extending  transportation  from  Meiers  Corners  to  Lino- 
leumville,  a  distance  of  about  4'^  miles,  and  from  Meiers 
Corners  to  Seaview  Hospital,  a  distance  of  about  l'i 
miles.    This  line  was  opened  to  the  public  on  Oct.  8,  1921. 

On  the  Linoleumville  line  the  overhead  work  consisted 
of  a  double-track  run;  that  is,  two  groups  of  00  trolley 
wires  spaced  respectively  14  in.  between  centers  and 
supported  by  a  special  insulator  manufactured  by  the 
General  Electric  Co.  From  Meiers  Corners  a  single  line. 
comprising  two  no  trolley  wires  spaced  14  in.  between 
centers,  extends  to  a   loop  around  Seaview  Hospital. 

After  competitive  bidding,  the  Bingle-man-operated 
trackless-trolley  buses  furnished  for  this  first  line  were 
built  under  Departmental  specifications  by  the  Atlas 
Truck  Corporation  of  York.  Pa.  These  cars  weighed 
about  12,000  lb.  empty,  and  were  designed  to  have  a 
in).'  capacity  of  •"•_  and  a  carrying  capacity  of  50  pa 
gers,  although  frequently  they  have  carried  as  many  as 
from  75  to  so  persons.  When  the  cars  were  first  pur- 
chased, they  were  provided  with  trolley  polos  of  the 
rnally  maneuverable  type,  but  it  was  soon  found  thai 
such  construction  was  absolute!;  unnecessary  and  they 
were  replaced  by  trolley  poles  of  non-maneuverable  type. 
At  first,  the  motormen  found  it  difficult  to  maintain  the 
sliding  trolley-pole  heads  in  contact  with  the  wires  but, 
after  the  operators  learned  the  characteristics  of  the 
road  and  the  I    departure  from  under  the  wires 

that  the  can  could  be  given,  tin    difficulty  was  over 
rapidly. 

Construction  oi  the  Trackless-Trolley  Cars 

The  first  lot  of  trackless-trolley  cars  were-  built  on 
7-in.    channel-iron    chassis-frames    with    .'i4-in.    cushion 

and  cushion  tire       Two  25-hp.  motors  wen 
pended  in  the  center  lino  of  tin-  chassis  frame  and  were 
connected   to   the    rear   drive    by    a    propeller-shaft    that 
carries    a    propeller-shaft    brake,    the   drive   being   of   the 
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Pic.    21- 


-Oxe   of    the    First    Staten    Island    Trackless-Trolley 
Cars  Rounding  a  Terminal  I. 


worm-and-gear  type  with  a  ratio  of  8.3  to  1.  The  motors 
use  from  1.6  to  2.0  kw-hr.  of  current  per  car  mile  with  an 
operating  speed  of  between  17  and  25  m.p.h.  Expanding- 
drum  brakes  are  provided  for  the  rear  wheels.  The  pro- 
peller-shaft brake  is  the  emergency  brake ;  the  internal 
expanding  brake  serves  as  a  foot-brake.  The  motor  con- 
troller is  of  standard  series-parallel,  KR  type,  arranged 
to  operate  with  a  foot  switch  so  that  the  controller  can- 
not be  moved  unless  the  foot  switch  is  closed ;  this  latter 
also  serves  as  a  "dead  man's"  switch.  The  general  prac- 
tice of  trolley-car  wiring  and  illumination  is  followed  in 
this  construction.  The  tread  on  the  rear  wheels  to  the 
center  line  was  56  in.  and  the  height  of  the  floor  of  the 
car  from  the  roadbed  about  37  in.  The  City  of  New  York 
has  22  trackless-trolley  buses  in  operation,  7  of  them 
being  the  pioneer  cars;  they  were  not  modified  auto- 
mobiles but  were  designed  from  the  ground  up  for 
trackless-trolley-car  purposes. 

The  specifications  that  the  City  issues  regarding  the 
turning  radius  of  cars  is  that  the  trackless-trolley  shall 
turn  within  a  circle  of  not  more  than  15-ft.  radius.  Cars 
with  a  wheelbase  of  from  140  to  195  in.  turn  within  such 
a  circle  very  readily  after  the  operator  has  had.  some 
practice 

Fig.  21  shows  one  of  the  cars  of  the  first  model  going 
around  the  loop  at  Meiers  Corners.  Part  of  the  route  of 
these  cars  was  over  a  road  having  very  poor  surfacing 
and  no  roadbed  foundations.  This  was  naturally  very 
rapidly  cut-up  and,  as  has  been  expressed  by  many  who 
have  ridden  upon  it,  "it  had  the  appearance  of  a  battle 
field,"  as  it  was  full  of  ruts  and  holes;  in  fact,  it  was  al- 


most worthless  as  a  road.    A  picture  of  a  car  operating 
over  this  road  is  shown  in  Fig.  22. 

The  flexibility  of  the  trackless  trolley-bus  is  shown 
in  Fig.  23  wherein,  after  the  road  had  become  almost 
impassable  for  other  purposes  than  trackless-trolley 
operation,  a  decision  was  made  to  reconstruct  it,  the 
trackless  trolley  cars  swinging  to  one  side  of  the  high- 
way so  that  the  road  could  be  rebuilt.  This  work  com- 
prised the  entire  regrading  of  this  road,  the  construction 
of  road  foundation  and  concrete  surfacing.  During  this 
work  the  trackless-trolley  buses  operated  without  diffi- 
culty. In  the  winter  of  1921  and  1922  the  storms  put 
all  transportation  facilities  on  Staten  Island  except  the 
trackless  trolley  out  of  commission  several  times.  Our 
experience  with  this  pioneer  line  has  certainly  demon- 
strated the  unquestionable  reliability  of  this  type  of 
transportation  over  bad  roads  and  in  all  kinds  of  weather. 

Changes  in  Car  Construction 

Certain  inconveniences  were  observed  during  the  opera- 
tion of  these  cars.     The  bottom  of  the  car  was  37  in. 


N! 


Fig.  23 — How  the  Flexibility  of  the  Trackless-Trolley  System 

Permitted    Service   To    Be    Maintained   While  the   Road   Shown 

in  Fig.  22  Was  Being  Reconstructed 


Fig.    22 — Character   of   the   Road    over    Which    the    Trackless 
Trolleys  Operated  on   Staten  Island 

from  the  roadway  and  that  required  two  steps.  Second, 
the  tread  of  the  wheels  was  not  wide  enough  and  the 
cars  developed  an  objectionable  side  swing.  We  were 
instructed  to  prepare  specifications  for  a  new  car  that 
would  be  closer  to  the  ground,  eliminating  one  step, 
give  us  a  broader  wheel  tread  and  bring  the  springs  far- 
ther out  so  that  no  swaying  of  the  car  would  occur.  These 
specifications  call  for  a  car  that  has  a  195-in.  wheelbase 
and  is  of  the  hood  type. 

Residents  of  Tottenville,  Staten  Island,  find  it  necessary 
from  time  to  time  to  come  to  New  York  City.  The  dis- 
tance from  Tottenville  to  St.  George  is  about  19  miles 
over  the  highway  and  probably  a  little  more  by  railroad, 
but  a  round  trip  costs  80  to  85  cents.  The  municipally 
operated  trolley-line  has  a  branch  that  terminates  at 
Richmond,  a  distance  of  about  9  miles  from  Tottenville. 
In  his  desire  to  improve  the  transportation  facilities  of 
Staten  Island,  Commissioner  Whalen,  after  a  careful 
survey  of  conditions,  decided  to  install  a  trackless-trolley 
line  to  operate  from  Richmond,  directly  at  the  terminal 
of  the  old  trolley  system  to  Tottenville.  He  ordered  the 
installation  of  this  system,  so  that  residents  of  Totten- 
ville and  intermediate  places  could  have  transportation 
for  24  hr.  per  day  at  a  relatively  close  headway  and 
low  rates  to  St.  George  by  way  of  the  trackless-trolley 
extension  operated  and  owned  by  the  City  and  the  old 
Midland    line    operated    by    the    City    under    a    contract 
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Federal  Court.    Work  was  commenced  in  April 

d   the  line  was  opened    to  the  public 

•.me  type  of  overhead  construction 

this  line  as  on  the  pioneer  S    ••.  n  Island 

line,  but  the  type  of  car  was  changed,  though  the  same 

jHJwerpla  np.  motors  was  retained. 

Tht  for  changing  from  the  pioneer  type  of  car 

shown  b  21,  22  and  2."..   were   that    (.a)    the  dis- 

tance of  the  car  Boor  from  the  roadbed  was  too  great, 
the  wheel  tn  too  nam  the  distance 

between  the  springs  on  either  side  of  the  car  was  too 
little  and  <d )  the  general  appearance  of  the  car  was  not 
-tic.  The  specifications  were  therefore  modified  to 
features,  and  the  trackless-trolley  bus  hav- 
ing the  appearance  of  that  shown  in  Fig.  2  1  was  obtained. 
The  interior  of  one  of  ti  .   looking   forward,    is 

shown  in   Fig.   25.     The  accessibility   of   the   motoj 
indicated  by  the  removal  of  the  trap  door.     The  control 
the  storage-battery  and  the  emergency  light- 
ing-genera- or  are  located  under  the  hood  as  illusti 
in  I 

The  car,  with  arheeJbase  and   good  springs. 

ride-  eVidently  easy  to  reach  the  motors 

or  make  an  examination  of  the  brnahe  tpose 

a  portion  of  the  propeller-shaft   brake  so  that   it  can  lie 

adju  ■   within  the  car.    The  KK  type  of  controller 

'  the  ..p.-,. .tor's  side,  and  the  cash 

I  at  the  right.    These  ears  are  not  pro- 

rdinary  rough  wooden  floors,  but  with  ' 

ing  over  •   tongue   and   groove 
floor.    V.  mergency  lights  because  at  timi 

particularly  if  he  is  inexperi- 

,11  to  th-  Mil  take  a  turn  at 

then,  if  a  itb  the  trolley  is  lost, 

.irk.    An  automat  I   h  controls  the 

■    m   which    |  ad-lamp  and   tail-lamp 

orner  Hi" 

ddfng,   the  car  illustrated   in   I 

•  rai   Elecl  ric  '  •• . 
of  insp  I   the  Departi 

":  |  now 

•  ■    and  7  foi  and. 

e    line  ipplied    with 

lew  Hospital  by  a  400-kw. 


era!  Electric  generating-set,  the  powei 

ing  transmitted  about  .">  miles  by  a  three-phase  trans- 
mission-line to  a  substation  at  Greenridge  on  the  Arthur 
Kills  Road  over  which  the  buses  operated.  This  sub- 
station is  a  300-kw.  600-v'olt  automatic-substation  con- 
structed by  the  Westinghouse  company.  The  operation 
of  this  line  during  the  winter  and  up  to  the  pre 
nas  been  most  satisfactory. 

Operating  Costs 

Commissioner  Whalcn  lias  recently  made  a  survej 

the  operation,  maintenance,  depreciation,  administration 

and    interest    charges    on    the    trackless-trolley    systems 
iperated  en  Staten  Island  to  determine  whether  this  type 

•  r  a  total  of  approximately  16  miles  of  road 
or  from  28  to  30  miles  of  line  is  cheaper  than  that  obtain- 
able by  gasoline  buses  operating  with  the  same  schedule 
and  witli  the  same  number  of  cars.  It  was  found  that, 
taking  all  of  the  above  items  into  account,  the  trackless 
trolley  could  be  operated  at  a  cost  of  25.6  cents  per  car 
mile;  whereas,  the  gasoline-bus  operation  would  have 
cost  33.9  cents  per  car  mile. 

If  the  trackless-trolley  buses  were  increased  in  number 
with  a  corresponding  increase  in  the  gasoline  buses,  the 
difference  would  be  e\cn  greater,  because  the  overhead 
construction  which  costs  about  $6,500  per  mile  of  route 
nes  a  smaller  and  smaller  factor  in  the  computation 
of  the  fixed   I  0 

Thi  "Peemanen*  x"  Factor 

Trackless-trolley  systems  have  a  value  over  motorbus 

lines  for  undeveloped-locality  transportation  which  can- 

be  directly  expressed   in  dollars  and  cents  per  car 

mile,   though   it    is   made    very    apparent   in   "realty-tax" 

returns.     This   is  the  effect  of  the   idea  of  permam  ncy 


•no:   ORB 
Illustrated  in  Fi<;    24 

Tin  Accewlbllity  of  the   Motor  by  Removing  a  Trap   i»..,r  Should 
oiu  '.r  thi  i .  the  Steering- 

Whi-H    an'l    n  I  BOX 
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resident  in  the  trackless-trolley  overhead-construction. 
The  valuation  of  real  estate  along  the  Staten  Island 
trackless-trolley  lines  has  increased  enormously.  That 
the  psychological  effect  obtains  can  be  emphasized  further 
by  calling  attention  to  the  experiences  of  the  United 
Railways  &  Electric  Co.,  at  Baltimore.  This  corporation 
operated  a  7-mile  motorbus-line  in  the  outskirts  of  the 
city  and  gave  excellent  service ;  but,  as  no  building  activi- 
ties followed,  the  line  was  abandoned.  Later,  at  the 
request  of  the  Public  Service  Commission  of  Maryland, 
the  company  constructed  a  trackless-trolley  line  over  the 
same  route  and,  within  3  months,  marked  building  ac- 
tivity commenced.  Eighty  homes  were  erected  and  real 
estate  increased  about  20  per  cent  in  value. 

Trackless  Trolley  Advantages 

We  have  found  that  the  trackless  trolley  accelerates 
more  rapidly,  more  uniformly  and  with  greater  comfort 
to  the  passengers  than  the  gasoline  bus  can  possibly  do. 
We  find  it  takes  the  hills,  which  are  very  pronounced  on 
the  Tottenville  line,  with  ease. 

The  advantages  of  the  trackless  trolley  over  those  of 
the  gasoline-driven  bus  are 

(1)  Lower  operation  expenses 

(2)  Unlimited  heat 

(3)  Unlimited  light 

(4)  Less  noise  when  starting  or  accelerating 

(5)  No  gas  fumes 

(6)  Better  hill-climbing  power 

I  feel  that  Commissioner  Whalen  has  shown  consider- 
able vision  in  his  selection  of  the  trackless  trolley  as  the 
means  of  transportation  in  the  lightly  populated  sections 
of  Greater  New  York  City;  and  further,  that  it  must 
be  very  seriously  considered  by  all  railway  officials  who 
wish  to  extend  their  systems  without  encumbering  them- 
selves with  both  excessive  fixed  and  operating  costs. 

Ethelbert  Favary: — The  advantages  of  the  gasoline 
motorbus  have  scarcely  been  mentioned  and  the  advan- 
tages of  the  trackless-trolleys  and  electrically  operated 
cars  have  been  overemphasized.  The  trackless  trolley 
may  be  more  economical  and  more  efficient  in  outlying 
districts,  but  it  is  impractical  for  city  use.  I  also  dis- 
agree with  Mr.  Kennedy's  statements  that 

Street-railway     organizations are     qualified 

to  render   public   service,   modified   wherever 

necessary  to  meet  changing  demands 

Ultimately,  public  transportation  must  certainly  re- 
main in  their  hands 

The  vehicles  which  would  best  serve  these  purposes 
would  be  those  that  could  utilize  partly,  if  not  entirely, 
the  power  supply  and  distribution  system  available 
existing  within  the  street-railway  organiza- 
tions.    By  such  means  existing  properties  representing 

large  investment  can  be  preserved 

These  views  may  do  incalculable  harm  to  motorbus 
transportation-systems.  For  instance,  the  suggestion  has 
been  made  that  the  street-railway  companies  in  New 
York  City  receive  franchises  to  run  motorbuses  along  the 
different  avenues  instead  of  their  surface  lines,  since 
the  traffic  could  be  increased  one-third  by  such  a  change. 
The  surface  cars,  being  in  the  middle  of  the  street,  delay 
all  fast-moving  traffic,  while  motorbuses  can  receive  or 
discharge  passengers  at  the  curb.  Many  other  advan- 
tages are  provided  by  motorbuses,  and  many  disadvan- 
tages are  inherent  in  electric  surface-lines,  but  greater 
comfort  and  speed  are  furnished  by  the  motorbus. 

Motorbus  Lines  in  New  York  City 

The  capitalization  of  the  street-railway  companies  is 
more  than  $500,000  per  mile.  According  to  Commissioner 


Whalen,  the  bus  lines  now  in  operation  on  New  York  City 
streets  can  be  equipped  at  an  average  cost  of  $22,800  per 
mile,  including  the  motorbuses  and  garage  equipment. 
Even  with  this  figure  doubled,,  it  would  still  be  less  than 
one-tenth  of  the  outlay  of  the  street-railway  companies 
per  mile  of  line.  Six  per  cent  on  $500,000  is  $30,000; 
this  is  the  amount  the  lines  would  have  to  earn  per  mile, 
in  addition  to  their  running  expenses,  to  pay  the  in- 
terest charges  alone. 

To  run  a  motorbus  line  with  such  a  heavy  initial-handi- 
cap means  either  inferior  service  or  an  increased  fare, 
or  both,  to  make  the  line  profitable.  The  interest  charges 
per  mile  of  street  railway  alone  is  sufficient  to  renew 
the  entire  bus  equipment  every  year;  hence,  a  new  com- 
pany relieved  of  that  heavy  burden  to  begin  with,  could 


Pig.    26 — How    the    Control    Resistances,   the    Storage- Battery 

and  the  Emergency  Lighting-Generator  Are  Placed  under  the 

Hood  at  the  Front  of  the  Vehicle 

give  better  service  at  less  cost.  No  doubt  these  condi- 
tions obtain  in  many  other  cities  and,  while  it  is  ad- 
vantageous for  the  street-railway  companies  to  run 
trackless-trolleys  in  outlying  districts,  they  may  make 
failures  even  of  these,  due  to  their  over-capitalization. 
The  argument  has  been  advanced  that,  on  many  lines, 
the  motorbus  does  not  give  such  an  assurance  of  perma- 
nent service  as  the  electric  street-car  lines  and  therefore., 
property  values  do  not  increase  as  they  do  along  street- 
car routes.  Examples  are  cited  in  which  motorbus  lines 
have  been  discontinued  and  in  which  many  others  are 
losing  money.  Why  cannot  motorbus  companies  be  as 
responsible  as  the  street-railway  companies?  As  soon 
as  our  cities  are  prepared  to  give  motorbus  companie> 
regular  franchises  over  good  routes,  such  as  New  York 
City  avenues,  these  companies  will  be  as  responsible  as 
the  street-railway  companies,  if  not  more  so,  and  will  not 
be  losing  money.  Many  motorbus  lines  failed  because- 
the  street-railway  companies  had  the  franchises  over  all 
the  good  lines,  while  motorbuses  only  had  franchises  over 
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where   the    traffic    was    slight    or    where    the 

ail   abandoned  service,   due   to 

itorbua  companies 

166,  they  will  become  responsible 

can   U'   made  just   as   efficient    as   that 

•.  Avenue  Coach  Co. 

MOTOKBUS    ECONOMY 

From  Mr.  Kennedy's  figures,  the  operating  expense  of 
-  than  that  of  the  motor  omni- 
:   the   in)  rate  from   capitalization    is    Dot 

.dered.  While  this  may  be  true  today,  the  motorbua 
product  and,  due  to  improve- 
ment ire  being  made  continuously,  we  can  expect 
a  more  efficient  utilization  of  fuel  and  a  reduction  in  the 
sting  and  maintenance  COStS.  Maintenance  can  be 
reduced  ing  the  impact  due  to  road  shocks,  and 
this  mplished  by  improving  the  spring  sus- 
pen-                i  the  tin 

To  show  the  difference  in  the  weight  and  the  cost  of 
a  chassis  when  equipped  with  pneumatic  tires,  to  reduce 
impact  and  allow  greater  speed,  and  solid  tires,  two  ex- 
amples of  well-known  makes  given  in  the  Handbook  of 
published  yearly  by  the  National  Automo- 
bile Chan:  I    •num-rce,  are 

1  14  [nipped  with  pneumatic  tires;  price 

">  lb.;  gross  weight,  6080  lb. 

equipped     with     solid     tires;     price, 

_-ht.  5700  lb.;  gross  weight,  12,000  lb. 

Be  on  the  second  chassis,  the 

entir-  uction   must   be   more   substantial   to    n 

the  greater  road  impacts,  the  chassis  weight  is  more  than 
double  and  the  cost  is  more  than  treble.  In  addition,  the 
operating  .irily   higher. 

EPH    A.    ANGLADA: — Certain    fundamental    rea- 
should  cause  the  automotive   engineer   to   pause   in   his 
intensive    efforts    to    improve    the    gasoline    powerplant 
further  and  consider  whether  he  is  directing  his  energies 
to  the  m-  lution  of  the  problem  of  providing 

public  vehicles  for  the  transportation  of  passengers  at 
the  The    function   of   the  engineer   is   not 

only  to  apply  the  achievements  of  the  arts  and  sciences 
for  •  the  public,  but  also  to  do  so  in  a  way 

that  will  conserve  natural  ad  produce  results 

at  the  minimum  cost.     He  should   not  merely   provide  a 
technical  -olution  of  the  problem  but  a  commercial  one. 
U    'ion    whether,    in    the    field    of    the 
motorbus,  the  horizons  of  the  engineer  and  the  bu.-. 
man   ha\-  sen   clouded   sufficiently    by   their  close 

familiarity  with  the  internal-combustion-engine  type  of 
vehi  ■         lose  sight  of  the  applicability  of 

this  arduous  service. 

If  the  broad  unbiased  mental  outlook  rved,  the 

of  lower  operating  cost,  long  life, 
mplicity,  cleanline  ifetj 

of  the  e  •  nicle  are  recognized  a-  being  essential 

to  providing  the  best  motorbus  service  from  the  stand- 
point the  operators  of  the    erviee.     It 

may  ■     :.e  at  some  time  ha-  tried  elec- 
tric vehicles  in  tl  ice  without  success,  but  an  in- 
.n  of  th>  .'.ill  show  that,  under  the  Bami 
ny  other  type  of  :■                ould  not  hav> 

nam  »v  Moronus  Service 

Bditkm      under   which   motor!.. 
Bte  in  urban  districts  reveal-,  a  close  similarity  be- 
■••et-car  service  and  motorbus  operating 


conditions.  The  frequent  stopping  and  starting  of  the 
vehicle,  as  often  as  15  times  per  mile  traveled  and  averag- 
ing ti  times  per  mile,  imposes  a  service  on  the  propelling 
and  speed-controlling  machinery  of  the  vehicle  that  ex- 
ceeds in  severity  that  due  to  continued  high-speed  op 
don  on  good  roads.  Compared  to  the  electric  vehicle. 
the  gasoline-engine  vehicle  is  not,  nor  in  the  light  of 
present  knowledge  can  it  be,  adapted  to  withstand  the 
high  duty  of  motorbus  service  as  efficiently  as  the  simpler 
and  more  reliable  electric  vehicle.  For  proof,  it  is  neces- 
sary to  consider  the  few  gasoline-motorbus  installations 
extant  that  have  made  money  for  their  operators  over  I 
period  of  years  and  to  ascertain  the  reason.  Analysis 
will  reveal  that,  for  the  fust  year  or  so,  the  gasoline 
equipment  operated  satisfactorily  because  it  was  new. 
After  the  second  year,  the  depreciation  on  the  equip- 
ment, due  to  the  nature  of  the  service  and  the  high-speed 
performances  indulged  in  by  the  drivers,  increased  great- 
ly, while  the  necessity  for  adjustments  and  repairs  lie- 
came  annoyingly  important.  After  a  period  of  from  3 
to  5  years,  the  maintenance  charges  became  so  great  as 
to  prohibit  the  safe  use  of  the  vehicles  for  public  service 
by  responsible  organizations.  The  result  was  that  the 
so-called  outlaw  or  jitney  operator  entered  the  field  and 
the  service  suffered  still  further. 

Operating  electric  street-cars  in  the  dangerous  physical 
condition  existing  in  many  motorbuses  would  not  be 
tolerated  by  the  public  or  the  operating  companies,  and 
when  it  is  known  that  the  electric  street-cars  are  from 
three  to  five  times  as  old  as  the  gasoline  vehicles  and  have 
cost  decidedly  less  to  maintain  during  their  life,  it  will 
be  conceded  that  electric  propulsion  of  passenger-carry- 
ing vehicles  operating  on  tracks  in  city  service  possesses 
fundamental  advantages  that  can  be  applied  to  vehicles 
operating  on  rubber  tires. 

Long  life,  low  operating  and  maintenance  costs  and 
ease  of  control  are  the  fundamental  advantages  of  elec- 
tric vehicles,  whether  of  the  storage-battery,  trackless- 
trolley  or  self-charging  type.  In  addition,  flexibility  of 
the  chassis  construction  permits  great  passenger  ac- 
commodation with  a  low  floor-level  in  a  simple  inex- 
pensive chassis  having  a  short  wheelbase  and  consequent- 
ly a  short  turning  radius;  also,  with  the  body  overhang 
beyond  the  axles  reduced  to  sensible  proportions. 

Arthur  J.  Slade: — Supporting  Mr.  Kennedy's  conten- 
tion for  an  analysis  of  passenger-transportation  prob- 
lems in  given  instances  and  the  production  of  suitable 
equipment  to  meet  the  specific  requirements  of  each  in- 
stallation, some  European  experience  is  cited. 

In  France,  the  Paris,  Lyons  &  Marseilles  Railway  has 
provided  uses  and  touring  coaches  by  which 

tourists  may  continue  their  excursions  beyond  the  rail 
terminals;  for  example,  through  the  French  Alps  and, 
more  recently,  along  the  northern  coast  of  Africa  through 
the  French  colonial  possessions.  These  extensions  not 
only  produce  revenue  in  themselves,  but  bring  added  pas- 
•  r  traffic  to  the  railroad.  In  Paris,  the  subways,  the 
trolley  lines  and  the  buses  are  operated  by  a  common 
transportation  company  under  municipal  supervision.  The 
subways  run  to  most  of  the  old-city  gates;  the  trolleys 
operate  largely  outside  the  city  proper,  serving  the 
suburbs  but  running  into  convenient  central  locations 
within  the  city.  In  the  most  congested  districts  the 
-,  operating  on  the  zone-fare  system,  serve  the  short- 
haul  traffic,  the  routes  being  laid  out,  changed  or  ex- 
tended to  meet  the  requirements  of  all  localities  from 
both  the  viewpoint  of  revenue  and  that  of  public  service. 
The  three  mediums  of  transportation  are  run  in  co- 
operation,  not   in   competition.     At   present,    trolley-bus 
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extensions  are  being  installed  which  may  eventually  be- 
come trolley  railway-lines,  as  the  suburban  growth  of 
Paris  is  increasing  very  rapidly.  Gasoline  motorbus 
routes  are  being  added  and  extended  as  the  area  occupied 
by  the  old-city  fortifications,  which  are  being  razed, 
becomes  occupied  by  apartment  houses  and  dwellings. 
The  passenger-transportation  problem  is  being  handled 
broadly  and  comprehensively,  without  prejudice  in  favor 
of  one  medium  over  another.  In  certain  parts  of  Paris 
the  traffic  congestion  has  attained  serious  proportions 
and,  in  the  summer  of  1922,  the  subject  was  discussed 
at  some  length  in  the  newspapers.  In  this  connection, 
some  of  the  details  of  the  latest  Paris  buses,  as  described 
in  a  recent  issue  of  a  leading  French  engineering  publi- 
cation,"' are  interesting. 

The  Six-Wheel  Motorbus 

Regarding  the  six-wheel  motorbus,  this  publication 
suggested,  as  far  back  as  1904,  means  whereby  heavy- 
duty  vehicles  could  be  made  to  carry  heavier  loads  on  six 
wheels  than  on  four.  This  idea  has  been  taken  up  by 
the  transportation  company  of  Paris  with  the  purpose 
of  increasing  the  carrying  capacity  of  the  motorbuses 
that  operated  in  the  center  of  the  city,  the  increase  in 
the  congestion  of  passenger  transportation  having  led  to 
this  study. 

On  the  trolley  lines,  cars  hauling  trailers  offer  a  com- 
bination seating  100  passengers  and  even  more  at  peak 
loads.  The  motorbus,  which  is  particularly  popular,  has 
only  been  able  to  carry  38  passengers.  While  it  would  be 
possible  to  mount  an  upper  deck  to  increase  this  capacity, 
as  was  the  former  practice  with  the  horse-drawn  omni- 
buses and  the  earlier  motorbuses,  and  notwithstanding 
the  custom  in  England,  where  the  double-deck  motorbuses 
and  trolley  cars  are  generally  used,  the  double-deck  ar- 
rangement has  been  definitely  discarded  in  Paris  for  the 
omnibuses  as  well  as  for  the  trolley  cars,  principally  on 
account  of  the  delay  that  this  arrangement  requires  for 
the  entrance  and  the  departure  of  passengers,  certain 
trolley-car  lines  in  the  suburbs  being  the  only  exceptions. 

Until  recently,  the  omnibuses  with  a  capacity  of  38 
passengers  have  been  satisfactory,  but  the  necessity  of 
increasing  the  capacity  has  induced  the  study  of  a  solu- 
tion involving  an  increase  in  the  body  length  to  be  carried 
by  three  axles.  One  of  these  buses  with  six  wheels  and 
a  capacity  for  48  passengers  has  already  been  placed  in 
experimental  service  on  the  line  from  the  Madeleine  to 
the  Bastille,  which  follows  the  grand  boulevards,  and  an 
equipment  of  50  more  such  vehicles  is  now  under  con- 
struction. 

The  new  motorbus  has  a  total  length  of  approximately 
34  ft.  and  an  overall  width  of  approximately  7%  ft. 
The  three  axles  are  unequally  spaced.  The  forward  wheel- 
base  is  approximately  14  ft.  and  the  rear  wheelbase 
approximately  7  ft.  The  front  and  the  rear  wheels  are 
steering  wheels,  those  in  the  center  of  the  vehicle  not 
having  steering  functions.  All  of  the  wheels  are  38  in. 
in  diameter,  the  forward  and  the  rear  wheels  having 
single  tires  and  the  intermediate  wheels  dual  tires. 

In  the  case  of  a  vehicle  having  two  axles,  the  distribu- 
tion of  the  load  on  the  wheels  is  automatic  regardless 
of  road  irregularities,  which  is  not  possible  In  a  six-wheel 
chassis  without  recourse  to  a  special  construction,  con- 
sisting of  what  may  be  described  as  a  balancing  lever 
joining  the  forward  ends  of  the  rear  springs  to  the  rear 
ends  of  the  intermediate  springs.     This  balancing  lever 

27  See  Le  Genie  Civil,  Dec.  30.  1922,  p.  605. 


pivots  on  an  axis  carried  by  a  bracket  attached  to  the 
chassis.  With  this  arrangement,  the  applied  weight  of 
the  chassis  on  the  springs  is  distributed  automatically, 
regardless  of  the  relative  positions  of  the  wheels  them- 
selves. 

By  a  predetermined  location  on  the  center  axle,  the 
weight  on  the  driving  wheels  can  be  proportioned,  which 
is  a  valuable  consideration  in  the  improvement  of  the 
tractive  effect  of  the  driving  wheels.  An  added  advantage 
of  this  balanced  suspension  is  to  reduce  the  vertical  dis- 
placement of  the  chassis,  reducing  shocks  and  tending 
to  diminish  the  wear  on  both  the  vehicle  and  the  pave- 
ment. Two  brakes,  one  on  the  transmission  shaft  and  the 
other  on  the  intermediate  or  the  driving  wheels,  are  pro- 
vided. The  engine  of  the  new  motorbus  is  of  the  same 
type  as  that  employed  on  the  four-wheel  buses  of  the 
company,  and  the  other  general  features  of  the  power- 
plant  are  similar  to  those  previously  in  use. 

The  forward  and  the  rear  wheels  are  steering  wheels, 
and  these  four  wheels,  which  are  mounted  on  conven- 
tional steering-pivot  axles,  are  connected  together  with 
lever  arms  and  rods  to  turn,  in  steering,  so  that  their 
radii  converge  at  a  central  point  that  is  also  on  the  axis 
of  the  intermediate  driving-wheels.  Inasmuch  as  the 
rear  steering-wheels,  to  accomplish  this  result,  do  not 
turn  to  as  great  an  angularity  as  the  front  steering- 
wheels,  a  difference  of  leverage  is  introduced  in  the  steer- 
ing connections.  The  six-wheel  vehicle  has  less  tendency 
to  wabble  or  depart  from  the  straight  line  than  the 
four-wheel  vehicle,  and  greater  steering  stability  results. 

The  article  in  Le  Genie  Civil"  is  illustrated  by  views 
showing  the  overall  dimensions,  the  steering  linkages, 
the  spring-suspensions  and  the  turning  radius,  and  it  is 
interesting  to  note  that  the  clearance  circle  for  the  front 
end  of  the  vehicle  has  a  radius  of  approximately  28  ft. 
and  the  rear  end  of  the  vehicle  27  ft.,  while  the  turning 
radius  of  the  inner  of  the  driving  wheels  is  approxi- 
mately 16%  ft.  When  empty  the  total  weight  of  the 
omnibus  is  approximately  16,000  lb.,  which  is  a  little 
more  than  300  lb.  per  passenger  or  very  much  less  than 
that  per  passenger  on  the  trolley  cars,  which  is  nearly 
double.  On  the  latest  trolley  cars,  the  weight  per  pas- 
senger has  been  reduced  to  slightly  more  than  500  lb. 
Nevertheless,  it  is  hoped  to  reduce  the  six-wheel-omnibus 
weight  on  a  new  model  that  is  now  being  designed  for 
either  a  gasoline-engine  powerplant  or  an  electric  motor 
with  a  double  trolley  to  about  260  lb.  per  passenger. 

Except  for  its  greater  length,  the  body  construction 
is  arranged  similarly  to  that  of  the  former  type  of  bus. 
The  forward  or  first-class  compartment  seats  20  pas- 
sengers instead  of  16,  and  the  second-class  compartment 
seats  20  instead  of  12.  On  the  other  hand,  the  platform 
carries  only  8  standing  passengers  instead  of  10.  This 
reduction  in  the  platform  capacity  is  due  to  the  narrow 
shape  that  has  been  given  to  the  platform  to  increase  the 
clearance  on  turns.  The  new  bus,  therefore,  carries  48 
instead  of  38  passengers.  In  all  the  Paris  buses  the  seats 
are  arranged  so  that  about  an  equal  number  face  for- 
ward and  to  the  rear.  Standing  passengers  are  not  per- 
mitted inside,  but  only  on  the  platform.  Largely  in- 
creased carrying  capacity  would  be  possible  if  the  aisle 
space  within  the  body  might   be  occupied  by   standees. 

Finally,  a  further  improvement  recently  proposed  is 
the  replacement  of  the  solid  by  pneumatic  tires,  which 
will  unquestionably  increase  the  comfortable  riding  quali- 
ties of  the  vehicles.  An  omnibus  equipped  with  pneu- 
matic tires  has  been  put  on  trial,  and  the  results  obtain- 
ed by  the  tests  will  decide  whether  it  is  advantageous  to 
adopt  pneumatic-tire  equipment.    The  foregoing  installa- 
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i  d  in  Mr. 
on  of  railway  ami 

\V.  P.  •.  '.r.  Fielder  mentioned  reasons  why 

on  Fifth  Avenue  were  not  con- 
tinued, .it  that  those  gasoline-electric 
re   built                 me  when   there   were   few  gas 
from.     In  fact,  the  sources  of  supply 
limited  that  special  engines  had  to  be  built  for 
them.     Tl                         were  not  at  all  as  satisfactory  as 
een  and  were  afterward  superseded  by 
De  Dion  eng. 

:'  the  gasoline-electric  bus  and 

its  being  continued,  I  quote  part  of  a  letter  dated  April 

17.  1919.  from  R.  M.  Meade,  then  president  of  the  Fifth 

ue  Coach  Co.,  in  which  he  covers  this  subject  as  I 

stated  it. 

•  firming  what  I  said  to  you  today,  if  the  engines 
be  gasoline-electric  buses  had  been  as  good  as  the 
De  Dion  engines,  we  would  not  have  gone  abroad  for 
the  25  chassis  we  recently  ordered. 

This  statement  is  made  in  the  light  of  the  result- 
obtained  from  the  experimental  installation  of  the 
De  Dion  engine  in  bus  No.  156,  as  the  performance  of 
that  bus  shows  that  the  electric-transmission  feature 
is  a  complete  success.  At  the  time  we  ordered  the  25 
chassis  referred  to,  we  had  not  had  the  benefit  of  that 
experiment. 

This  indicates  clearly  that  if  he  could  have  got  gaso- 
line-electric  buses  having  proper  engine  equipment   at 
rime,  he  would  have  continued  their  use. 
Mr.  H<>rner  pointed  out  that  no  progress  has  been  made 
in  trolley-bus  installations  in  England  in   recent  years. 
The  conditions  of  operation  over  there  are  not  such  as 
we  have  to  contend  with,  in  the  changing  conditions  here 
-esent.     The  tendency  to  put  out  new  vehicles  is  in- 
•ed  in  what  the  Associated  Equipment  Co.  has  done 
ping  its  new-type  trolley-bus  equipped  with  a 
The  conditions  with  which  the  street  rail- 


ways have  to  contend  at  present  m  this  Country  make 
the  situation  entirely  different  from  the  one  that  baa 
i'd  in  England;  consequently,  under  these  conditions, 
an  opportunity  exists  to  develop  the  trolley  bus  much 
more  effectively  than  the  opportunties  in  England  afford. 

Another  point  questioned  had  reference  to  the  f< 
bility  of  the  street  railways  rendering  service  in  the 
transfer  of  freight  and  particularly  such  services  as  is 
exemplified  by  the  store-door  delivery,  whether  such  ser- 
vice would  produce  congestion  of  traffic  or  whether  a 
good  business  opportunity  warranted  this  or  not.  My 
recommendation  in  this  direction  was  to  show  the  pc 
bility  that  exists  for  the  street  railways  if  they  want  to 
go  into  the  freight-handling  business.  In  making  that 
recommendation  I  naturally  do  not  have  in  mind  such 
cities  as  New  York  or  the  larger  cities  where  perhaps  the 
street  railways  would  not  be  justified  in  entering  into 
that  phase  of  business.  It  appears  that  in  the  nunn 
minor  cities  throughout  the  Country,  such  as  Dayton. 
Ohio;  Rochester,  N.  Y. ;  Columbus,  Ohio,  and  dozens  ot 
other  such  places  where  store-door  delivery  has  not  the 
conditions  of  congestion  that  exist  in  New  York  City,  it 
would  be  feasible  for  street  railways  to  go  into  that  busi- 
ness for  profit. 

Mr.  McPherson  asked  why  storage-battery  equipments 
were  not  recommended.  Nobody  is  a  stronger  advocate 
of  the  use  of  storage-batteries  than  I  have  been,  because 
I  have  been  responsible  for  putting  more  of  this  type 
into  use  than  many  other  engineers  have  done.  I  am  in 
favor  of  the  storage-battery,  but  it  is  a  hard  job  to  sell 
it.  Nobody  wants  to  take  up  the  burden  of  it.  Even  the 
storage-battery  companies  do  not,  and  neither  do  the 
vehicle  builders;  therefore,  I  do  not  feel  justified  in 
shouldering  such  a  large  proposition  myself.  But  I 
firmly  believe  that  the  electric-storage-battery  vehicle, 
rationally  applied,  would  be  the  most  economical  one 
that  a  street-railway  company  could  use,  especially  when 
it  has  cheap  power,  and  this  is  substantiated  by  what  Mr. 
Anglada  has  said. 


BUSINESS    FORECASTING   SYSTEMS 


IN  attempting  to  forecast  the  trend  of  bi;  ..o  funda- 

mental   principles    are    involved.      The    so-called    modern 
forecasting  system   aims   to   make  reliable   estimates  of  the 
the  theory  of  causation.     Predictions  are 
based  upon   the  assumption  that,  since  economic   phenomena 
are  r  '  indamental  laws,  therefore-  approximately 

.  jce    similar    results,    interj" 
of  possi'  t*  being  based  upon   past  experii 

This   method  ha«   much  to  commend   it;  and   its   value   is   of 
cour-'  '-nt,  in  a  larjre  measure,  upon  the  accuracy  of 

i   and  the   degree  to  which   sim- 
ilar material  of  the  past  is  available  as  a  basis  for  making: 
Jr  information  and  statistics  be 
accurate,  and  as  more  experience  in  interpreting  them 
s  acquired,  the  greater  will  be  the  value  this 

:.  on   the   other  hand,    follow 
which   has   also   many   feat 
men  ■    aims   to   predict,  by  reflecting   in   a 


definite  manner,  the  dominant  opinion  upon  which   bu- 
men  are  acting  after  important  decisions  have  been   made. 
Thus,  to  the  extent  that   current   business  opinion   makes   a 
proper   estimate    of    the    future    the    market  should    tend   to 
anticipate  conditions. 

Both  methods  of  attempting  to  predict  the  future  of 
ness  appear  to  have  merit  ;  neither,  however,  has  achieved 
for  itself  a  place  that  makes  it  infallible.  The  factors  influ- 
encing the  trend  of  business  conditions  are  as  complicated 
and  difficult  to  appraise  a.-  human  nature  itself.  Economic 
factors  are  responsive  not  only  to  certain  basic,  physical 
and  so-called  economic  laws  but  are  also  modified  to  a  g 

at   by    the    injection    of    psychological    factors    of    which 
we  as  yet  have  little  understanding.     For  this  reason  great 
care   and  judgment  must  be   exercised   in  dealing  with 
Domic   data   that  aim   to   forecast   the   future.      No    "ru 
thumb"  method  h;>  n    found  that  can  be  substituted 

for  individual   research,  judgment  and  hard-headed  business 
aeumen. — H.   I      Boettlei     Fir  '    National  Bank,  St.   Louis. 
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Illumination    Diagrams   for   Showing 
Head-Lighting  Device  Performance 


By  F.  H.  Ford1 


Mid- West  Section  Paper 


Illustrated  with  Photographs  and  Charts 


INSTEAD  of  representing  light  intensity  by  lines  to 
indicate  photometric  values  the  author  recommends 
an  arrangement  for  denoting  the  intensity  by  varying 
degrees  of  tint  on  the  surface  of  a  chart  that  is  sup- 
posed to  represent  the  roadway.  In  the  opening  para- 
graph the  thought  is  brought  out  that  present-day  au- 
tomobile lighting  equipment  is  not  designed  in  such  a 
way  as  to  make  its  performance  a  selling  feature  and 
the  several  reasons  why  the  efficient  distribution  of 
light  on  the  road  has  been  overlooked  are  pointed  out, 
emphasis  being  laid  on  the  fact  that  the  average  car- 
designer  is  not  an  illuminating  engineer,  and  that  even 
if  he  did  wish  to  use  the  best  light  available  on  the  car 
he  would  have  to  make  personal  tests  of  the  devices 
under  all  conditions  of  night  driving  before  being  in 
a  position  to  recommend  the  most  efficient  head-light- 
ing device. 

The  method  of  comparing  devices  by  illumination 
charts  that  illustrate  the  performance  of  head-lighting 
devices  is  described,  and  charts  from  four  typical 
specimens  chosen  from  the  many  that  are  on  the  mar- 
ket are  reproduced  to  show  that  while  the  light  from 
each  of  the  devices  does  not  exceed  the  glare  limit 
above  the  level  of  the  head-lamp  and  is  at  least  suffi- 
cient to  meet  the  minimum  driving-light  that  the  law 
demands  below  the  level  of  the  head-lamp,  a  marked 
difference  in  the  efficiency  of  these  equally  legal  de- 
vices will  be  found.  The  construction  of  the  devices 
for  which  the  road  illumination  charts  are  reproduced 
is  described. 

Tabular  data  show  the  report  of  a  test  of  the  candle- 
power  distribution  from  the  combined  beams  of  a  pair 
of  standard  head-lamps  as  directed  toward  various 
points  on  a  vertical  screen  located  100  ft.  ahead  of 
the  test  lamps.  The  outlining  of  areas  of  equal  illu- 
mination is  described  at  some  length,  the  text  being 
supplemented  by  diagrams  and  tables. 

THE  lighting  equipment  of  present-day  automobiles 
is  not  designed  in  a  way  that  makes  its  perform- 
ance a  selling  feature.  True,  various  attempts 
have  been  made  at  the  modification  of  the  cone-shaped 
beam  of  light  that  comes  from  an  electric  bulb  within 
a  parabolic  reflector  by  glass  fronts  or  lenses,  and  there 
have  been  attempts  to  use  specially  shaped  reflectors  that 
deviate  from  the  true  parabola.  These  modifications, 
however,  have  been  largely  made  with  a  view  to  eliminat- 
ing glare,  and  if  the  thought  of  improving  the  distribu- 
tion of  the  light  on  the  road  has  been  present,  it  has. 
judging  from  the  results  obtained,  been  a  secondai-y  con- 
sideration. 

Efficient  distribution  of  light  on  the  road  has  been 
overlooked  for  several  reasons.  The  average  car  designer 
is  not  an  illuminating  engineer.  He  does  not  design  his 
own  head-lamps.  If  he  has  a  hobby,  it  is  more  likely  to 
run  to  some  item  of  mechanical  equipment  or  to  body 
design.     Head-lamps   are  to  him   a   necessary   evil,    like 


■  A.S.A.E. — Engineer  and  manager  of  head-light  lens  department, 
C    A    Shaler  Co.,  Waupun.  Wis. 


a  kit  of  tools  or  a  horn  or  spark-plugs,  something  to  be 
bought  as  cheaply  as  possible  and  consequently  within 
the  jurisdiction  of  the  purchasing,  rather  than  the 
engineering,  department.  What  if  the  light  is  not  so 
good;  cars  do  not  often  have  their  driving  lights  com- 
pared. If  the  lamps  look  good  on  the  outside  and  if  they 
look  sufficiently  legal  so  that  dealers  will  not  enter  a 
protest,  nothing  more  is  necessary. 

Furthermore,  even  if  the  car  designer  realized  that 
exceptionally  good  driving-light  might  enhance  the  value 
of  his  car,  and  if  he  had  made  up  his  mind  that  he 
wanted  the  best  light  available,  he  would  have  a  hard 
time  making  a  choice  without  personally  testing  dozens 
of  devices  under  all  conditions  of  night  driving.  He  can 
easily  eliminate  those  that  are  illegal  by  referring  to  the 
lists  published  by  the  various  States.  From  these  lists 
he  could  even  determine  which  device  was  the  most  effi- 
cient from  the  standpoint  of  stopping  glare.  But  nothing 
has  been  published  to  show  the  comparative  lighting 
efficiency  of  head-lighting  devices. 

If  it  were  a  case  of  lighting  a  factory  or  an  office,  no 
trouble  would  be  experienced  in  choosing  proper  equip- 
ment by  comparing  the  illumination  charts  that  are 
available  for  industrial  lighting  fixtures.  But  despite 
the  importance  of  good  driving-light  to  the  comfort  and 
safety  of  the  driver,  no  data  more  useful  than  the  claims 
of  manufacturers  have  been  published. 

Use  of  Illumination  Charts 

In  this  paper  we  shall  show  a  method  of  comparing 
devices  by  illumination  charts  that  illustrate  the  per- 
formance of  several  typical  specimens  chosen  from  the 
many  that  are  on  the  market.  It  should  be  noted  that 
the  light  from  each  of  these  devices  is  perfectly  legal ; 
that  is,  it  does  not  exceed  the  glare  limit  above  the  level 
of  the  head-lamps  and  it  is  at  least  sufficient  to  meet  the 
minimum  driving-light  that  the  law  demands  below  the 
level  of  the  head-lamps.  The  difference  in  efficiency  be- 
tween these  equally  legal  devices  will  be  apparent  at  a 
glance.  The  devices  used  to  illustrate  this  method  of 
comparing  the  efficiency  of  driving-lights  were  selected 
because  they  represent  the  four  types  of  head-lamp  equip- 
ment most  commonly  used  as  standard  by  car  builders. 

Devices  Nos.  1  and  2  are  both  lenses  designed  for  use 
in  a  head-lamp  in  which  the  lamp  filament  is  set  at  the 
point  in  the  reflector  that  will  give  a  beam  of  the  smallest 
possible  diameter.  With  this  adjustment  of  the  filament 
and  without  the  lens  in  place  the  beam  will  diverge 
slightly  from  the  true  cylindrical  form,  because  it  is  com- 
pounded of  diverging  rays  from  that  part  of  the  filament 
behind  the  reflector  focus,  of  nearly  parallel  rays  from 
that  part  of  the  filament  near  the  focus  and  of  rays 
from  the  part  of  the  filament  ahead  of  the  focus  that 
first  cross  over  and  then  diverge. 

With  an  unmodified  beam  of  this  sort,  the  light  would 
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rejected  to  a  great  distance.      It   is  the  searchlight 

principle,  excellent  for  spotting  an  far  away,  hut 

r  lighting  a  road,  because  the  beam  i 

ind   would  leave  the  sides  of  the  road  and   t h«- 

immediate   foreground   in   darkness.      Furthermore,   this 

.'.•   sharply,   would   give   an 
tionable  glare,  and  then  its  value   for  dial 

Device  No.  1  bends  the  beam  downward  by  horizontal 

r  the  entire  opening  in  the  head-lamp. 

m»  proportii    1  that,  in  this  particulai 

ost  intense  part  of  the  beam  is  defli 

i  until  1  I  aboul  head 

r  when  the  head-lamp  itself  is  pointed  bo  that 

■     the  road.    The  width  of  the  lighted 

.;t  the  expense  of  its  length 

al  cylindi  the  lens  that   spreads  the 

he  beam  the  form  of 

a  modified  ell.: 

The  ill  .  diagram  foi  Mo.  I.  reproduced 

that  the  lighted  area   is   widest   at   a 

100  ft.  in  front  of  the  car  and  narrows 

■  at   distance.     The  maximum   range  of 

illumination  is  only  abc  il  250  ft.    The 

ection    of   the   beam    also 

he  light  on  the  road  d 

the  1  ar  increases;  in  other 

that   the   top   of   the   beam    slopes    downward    BO 

that  at  250  ft.  ahead   it   would   be  difficult   to  detect  an 

objeci  1    ft.  above  the  road.     This  extreme 

•  of  the  -ary  by  the  fad   thai 

the  unmodified   beam   from   the   reflector   is  a  compound 


beam,  composed  of  divergent  and  convergent  as  well  as 
parallel  rays,  and  to  eliminate  the  glare  of  tlu'  former, 
all  the  rays  are  bent  downward,  as  a  group.    To  separate 

the  different   kinds  of  ray  is  impossible,  and  all  must   bfl 

deflected  downward  together. 

In  device  No.  2,  for  which  the  illumination  diagram 

■  produced   in   Fig.   2,   no   provision   has   been   made 

within   tlu>    lens   itself    for    bending   the   beam   downward 

omply  with  the  glare  limits  set  by  Illuminating  En- 

-  1  iety  specifications.     This  must  be  done  by 

tilting  the  head-lamp  itself,  a  thing  that  is  not  often 
done  because  of  its  unfortunate  effect  on  the  driving 
light. 

Devices  of  this  type  are  provided  with  only  vertical 
cylinders,  which  spread  the  light  laterally  and,  in  general, 
spread  it  wider  than  do  devices  of  the  design  of  No.  1. 
This  greater  lateral  spread  has  the  effect  of  making  the 
modified  beam  into  a  comparatively  thin  sheet  of  light. 
Aside  from  the  greater  width  of  the  lighted  area,  the 
distribution  of  light  from  device  No.  1  is  very  much  like 
that  of  No.  2.  The  slight  difference  shown  in  the  diagram 
is  due  largely  to  the  fact  that  the  prisms  of  the  No.  1. 
device  gave  the  beam  a  little  more  tilt  than  was  neces- 
sary to  avoid  glare,  while  the  beam  from  No.  2  was 
tilted  just  enough  to  make  it  meet  the  Illuminating  En- 
gineering Society's    requirements. 

With  both  types  of  device  the  brightest  light  is  near 
the  axis  of  the  beam,  and  when  the  beam  is  directed 
downward  sharply  enough  to  comply  with  the  glare  limits 
it  causes  an  over-illumination  of  the  road  about  50  ft. 
ahead  of  the  car.  directly  in  the  driver's  line  of  vision. 
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Fig.  3 — A  Device  Made  up  with  a  Special  Reflector  and  a  Plain 
Cover  Glass   Illuminated  the  Road  as  Shown  in  This  Diagf.  km 


Device  No.  3,  the  illumination  diagram  of  which  is 
reproduced  in  Fig.  3,  illustrates  one  type  of  specially 
formed  reflector  that  throws  a  beam  having  an  elliptical 
cross-section,  instead  of  a  round  beam,  as  does  the  para- 
bolic reflector.  The  light  is  distributed'in  practically  the 
same  manner  as  with  lenses  such  as  No.  1  and  No.  2, 
except  that  the  beam  is  a  little  brighter  in  the  center. 
The  total  width  is  somewhat  greater  than  can  success- 
fully be  obtained  by  using  vertical  cylinders  to  spread  out 
the  highly  concentrated  and  nearly  cylindrical  beam 
from  a  standard  parabolic  reflector.  The  great  accuracy 
required  in  forming  the  surfaces  of  a  reflector  of  this 
type  and  in  locating  the  filament  within  it  seem  to  present 
a  problem  in  manufacturing  it  in  commercial  quantity. 

Device  No.  6  is  a  type  of  lens  designed  for  use  with  a 
head-lamp  having  an  adjustable  filament  back  of  the 
focal  point  of  a  regular  parabolic  reflector.  When  the 
filament  is  in  this  position  all  the  rays  will  diverge  from 
the  axis  of  the  beam.  The  intensity  is  greatest  near 
the  center  of  the  beam  and  decreases  toward  the  outside. 
The  unmodified  beam  is  a  fairly  wide-spreading  cone 
with  the  brightest  part  near  the  center.  All  the  light 
from  the  lower  half  of  the  reflector  is  directed  belpw 
the  level  of  the  reflector  by  the  reflector  itself.  As  it  is 
unnecessary  to  tilt  this  part  of  the  beam  to  avoid  glare, 
the  beam  can  be  used  to  full  advantage  for  lighting 
distant  parts  of  the  road.  The  brilliant  part  of  the  beam 
is  allowed  to  shoot  forward  parallel  with  the  road  in- 
stead of  being  aimed  downward. 

Since  the  most  intense  part  of  the  light  in  the  lower 
half  of  the  beam  is  projected  at  the  smallest  angle  below 
the  level  of  the  head-lamp,  the  top  of  this  part  of  the 


beam  is  the  brightest,  and  this  bright  part  intercepts 
the  road  farther  ahead  of  the  car  than  do  the  weaker 
parts  of  the  beam.  The  less  intense  light,  which  is  pro- 
jected more  sharply  downward  by  the  reflector,  inter- 
cepts the  roadway  nearer  to  the  car.  By  means  of 
vertical  prisms  or  cylinders  the  lateral  spread  of  this 
part  of  the  beam  can  be  increased  or  decreased  as  may 
be  desired.  The  light  from  the  upper  half  of  the  reflector 
can  be  redirected  below  the  level  of  the  head-lamp  to 
avoid  glare  and  to  give  additional  illumination  at  points 
of  the  road  that  are  not  sufficiently  illuminated  by  light 
from  the  lower  half  of  the  reflector. 

The  illumination  diagram  for  device  No.  6  is  repro- 
duced in  Fig.  4  and  shows  the  effective  distribution  of 
lfght  that  can  be  obtained  by  redirecting  the  light  from 
a  divergent  beam  by  suitable  prismatic  elements.  In  this 
particular  device  the  light  from  the  lower  half  of  the 
reflector  is  used  to  furnish  the  illumination  straight 
ahead  in  the  path  of  the  car.  The  light  from  the  upper 
half  of  the  reflector  is  divided  and  is  directed  toward 
both  sides  of  the  road,  furnishing  illumination  along  the 
edges  for  which  a  spotlight  would  ordinarily  be  used  and 
adding  to  the  width  of  the  illuminated  area  for  100  ft. 
ahead  of  the  car.  This  additional  illumination  is  to  the 
side  of  the  driver's  direct  line  of  vision  so  that  it  does 
not  interfere  with  his  ability  to  distinguish  objects  at  a 
distance. 

A  comparison  of  the  illumination  diagram  for  the  four 
devices  shows  that  no  inherent  property  is  possessed  by 
either  lenses  or  reflectors  which  makes  either  group  the 
only  solution  of  the  problem  of  securing  good  driving- 
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light.  The  diagrams,  of  lenses  at  least,  show  that  the 
simple  convergent,  or  divergent,  beam  from  a  parabolic 
reflector,  having  a  lamp  filament  either  ahead  of  or  be- 
hind the  focal  point,  can  be  more  effectively  redistributed 
than  can  a  compound  beam,  when  the  filament  ia  centered 
at  the  focal  point. 

The  illumination  diagrams  for  device  Noe.  1.  2  and  6 
have  been  derived  from  tests  made  by  the  Electrical 
Testing  Laboratories  of  New  York  City.  These  tests 
were  made  in  accordance  with  the  1922  Illuminating  En- 
gineering Society  specifications  for  State  approval  tests. 
The  diagram  for  device  No.  3  was  derived  from  distribu- 
tion carves  published  by  the  manufacturer  of  the  d> 

-.dlepower  Distribution 

Table  1  shows  the  report  of  a  test  of  candlepower  dis- 
tribution in  the  combined  beam  from  a  pair  of  standard 
head-lamps  mounted  as  on  a  car  and  equipped  with  the 
device  under  test.  The  figures  in  the  table  show  the 
luminous  intensity,  expressed  in  candlepower,  directed 
toward  various  points  on  a  vertical  screen  located  100  ft. 
ahead  of  the  test-lamps.  The  position  of  each  of  the 
;*>ints  on  the  screen  is  defined  by  giving  the  angular 
distance  of  the  point  to  the  right  or  to  the  left  of  a 
vertical  plane  passing  through  the  center-line  of  the 
and  by  giving  the  angular  distance  of  the  point 
above  or  below  the  level  of  the  center  of  the  head-lamps. 


The  first  column  shows  the  angle  above  or  below  the 
level  of  the  center  of  the  head-lamps  and  the  other 
columns  give  the  candlepower  of  the  beam  directed  at 
various  angles  to  the  right  and  left  of  the  median  verti- 
cal plane  between  the  test-lamps. 

To  lay-out  the  outline  of  areas  of  equal  illumination 
with  a  fair  degree  of  accuracy  we  should  have  informa- 
tion as  to  the  illumination  at  the  distances  ahead  of  the 
car  that  are  shown  in  the  second  column  of  Table  2.  As- 
suming that  the  centers  of  the  head-lamps  are  3  ft.  above 
the  road  level,  the  first  column  of  Table  2  gives  the 
angular  distance  below  the  head-lamp  level  of  a  line  from 
the  center  of  the  head-lamp  to  the  road  level  at  the 
distance  from  the  lamp  given  in  the  middle  column  of 
Table  2.  By  comparing  the  first  columns  of  Tables  1 
and  2,  we  find  that  we  shall  have  to  devise  some  means 
of  securing  data  as  to  candlepower  for  the  test-points 
0.34,  0.42  and  0.70  deg.  below  the  level  of  the  head-lamps. 

These  candlepower  values  can  be  determined  with  suf- 
ficient accuracy  by  plotting  curves  for  each  of  the  angles 
in  Table  1.  Such  curves  are  shown  in  Fig.  5.  Distance- 
along  the  X  axis  represent  candlepower,  and  along  the  Y 
axis,  the  angular  .distance  above  or  below  the  head-lamp 
level.  If  we  draw  a  horizontal  line  at  a  distance  below 
the  A'  axis,  corresponding  to  0.34  deg.,  the  distances  from 
the  }'  axis  to  the  intersections  of  this  line  with  each  of 
the  curves  will  represent  the  candlepower  directed  toward 
the  test-points  0.34  deg.  below  the  level  of  the  head- 
lamps. The  same  procedure  for  points  0.42  and  0.70 
deg.  below  the  level  of  the  center  of  the  head-lamps  will 
give  the  candlepower  for  the  remaining  points  needed  to 
complete  the  calculation. 

Before  calculating  the  areas  of  illumination  at  road 
level   it   will   be  necessary   to  determine  the  illumination 


TABLE    2    -ANGULAR    DISTANCES    BELOW    THE    HEAD-LAMP 

LEVEL  OF  A    LINK    FROM   THE  CENTER  OF  THE  HEAD-LAMP 

PO   THE   ROAD    LEVEL    AT   DIFFERENT   DISTANCES  AHEAD   OF 

TIIK    CAR 
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TABLE     3- 

-ILLUMINATION 

DISTRIBUTION 

AT    ROAD 

LEVEL, 

KT-CANDLES 

Distance  Ahead  of  Test 

Lamps, 

Ft. 

Distance  to  Left  of  Med 

ian  Vertical 

Plane,  Deg. 

0 

1 

2 

3 

4 

5 

6 
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500 
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0.013 
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0.037 
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44 
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18.800 
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5.100 
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at  the  road  level  of  the  various  points  of  the  road  at 
which  lines  projected  from  the  head-lamps  through  the 
various  test-points  given  in  Table  1  will  intersect  the 
surface  of  the  road.  Table  3  gives  the  result  of  this  de- 
termination. The  illumination  values  for  the  various 
points  are  found  by  dividing  the  candlepower  directed 
toward  each  point  by  the  square  of  the  distance  of  the 
point  from  the  head-lamps. 

The  diagrams  represent  the  area  ahead  of  the  car. 
Distances  ahead  are  shown  on  a  scale  of  12.5  ft.  to  each 
square  of  the  diagram;  distances  to  the  side,  on  a  scale 
of  5  ft.  to  each  square.  To  avoid  complication  four  limits 
of  illumination  have  been  selected  and  each  classification 
is  represented  by  a  distinctive  tint  on  the  diagram. 

The  area  of  lowest  illumination  contains  all  points  at 
which  the  illumination  is  at  least  0.1  and  less  than  0.4 
ft-candles;  the  second,  at  least  0.4  and  less  than  1.6  ft- 
candles;  the  third,  at  least  1.6  and  less  than  4.0  ft-can- 
dles ;  and  the  fourth,  4.0  or  more  ft-candles.  It  will  help 
us  to  realize  what  these  values  of  illumination  mean  in 
the  way  of  making  objects  visible  if  we  remember  that 
an  illumination  of  0.1  ft-candle  is  about  three  times  the 
illumination  given  by  a  full  moon  on  a  clear  night ;  under 
ordinary  conditions  it  would  permit  us  to  discern  objects 
at  a  distance  of  about  450  ft. 

Areas  of  Equal  Illumination 

To  determine  the  boundaries  of  the  various  areas  of 
illumination  we  plot  curves  such  as  are  shown  in  Fig.  6. 
Distances  along  the  Y  axis  represent  illumination,  in 
foot-candles.  Distances  on  the  X  axis  represent  the 
angular-distances  of  points  from  the  center-line  of  the 
car  on  which  the  head-lamps  are  mounted.  Taking  the 
figures  in  Table  3,  we  plot  curves  showing  the  illumina- 
tion of  points  at  equal  distances  ahead  of  the  car  and 
at  various  distances  to  the  side  of  the  center-line  of  the 
car.  For  instance,  curve  A,  Fig.  6,  gives  the  foot-can- 
dles at  500  ft.  ahead  of  the  car  and  at  1,  2,  3,  4  deg.  to 
the  side  of  the  center-line  of  the  car.  Curve  B  covers 
points  400  ft.  ahead;  C,  points  340  ft.  ahead;  D,  points 
250  ft.  ahead;  E,  points  172  ft.  ahead;  and  F,  points  114 
ft.  ahead.  Curves  for  the  other  distances  ahead  of  the 
car  are  not  shown  in  Fig.  6. 

To  determine  the  boundary  of  the  area  having  a  mini- 
mum illumination  of  0.1  ft-candle,  we  draw  a  horizontal 
line  from  the  point  on  the  Y  axis  corresponding  to  0.1 
ft-candle,  and  note  the  intersection  of  this  line  with 
the  curves  A,  B,  C,  and  so  on.  We  find  that  the  A,  B  and 
C  curves  are  beyond  the  0.1  ft-candle  range  and  that  the 
0.1  ft-candle  line  intersects  the  D  curve  at  0  deg.  to  the 
side.  In  other  words,  the  limit  of  the  0.1-ft-candle 
illumination  will  be  250  ft.  directly  ahead  of  the  car. 
The  0.1-ft-candle  line  intersects  curve  E  2.6  deg.  to  the 


side,  and  at  172  ft.  ahead  of  the  car  corresponds  to  a  dis- 
tance of  7.8  ft.  to  the  side.  The  intersection  with  curve 
F  is  7.8  deg.  or  15.6  ft.  to  the  side. 

Completing  the  operation  for  the  other  curves  gives  a 
series  of  points  that  will  outline  the  area  of  0.1  ft-can- 
dle illumination,  as  shown  on  the  diagram  for  device 
No.  1.  The  same  procedure  for  0.4,  1.6  and  4.0  ft-candles 
enables  us  to  outline  each  of  the  four  illumination  areas. 
The  diagram  worked  out  by  the  method  described  above 
gives  a  graphic  representation  of  the  illumination  at 
road  level  and  shows  to  what  extent  the  road  will  be 
lighted.  A  driving-light  to  be  safe  must  not  only  show 
the  surface  of  the  road  but  must  also  make  it  easy  for 
the  driver  of  a  car  to  distinguish  objects  above  the  road 


34  561  8  9         K 

Anqubr  Distance  from  Center-Line  of  Car,  deg. 

Fig.  6 — Curves  Showing  the  Relation  between  the  Illumination 
in   Foot-Candles   and  the  Angular   Distance  from  the  CENTER- 
LINE  of  the  Car 

level.  By  a  similar  process  we  are  able  to  determine  the 
beam  cross-section  at  points  100,  200  and  300  ft.  ahead 
of  the  car.  This  information  together  with  the  diagram 
of  the  illumination  at  the  road  level  will  give  an  excel- 
lent idea  of  the  kind  of  driving-light  a  given  device  will 
produce.  Although  the  diagrams  show  distinct  areas  of 
illumination  it  should  be  understood  that  the  actual 
illumination  on  the  road  varies  gradually  from  one  area 
to  the  next.  There  will  also  be  illumination  beyond  the 
limits  of  the  0.1-ft-candle  area  although  it  is  not  shown 
on  the   diagram. 
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A.  II.   WHITING 


Dng   of    the    sadden   and 
wool  ith,    Sept   '.'.    1923,  of   Allan    Hart 

-.  one  of  the  founder   members  of  the 
"d    prominent    dur  arly    history;    and    this 

d  by  all  who  have  had  the  interests  of  the 
its  inception. 
In    1904,    H.   M.    Swetland,   publisher   of    The   Automobile, 
supported  the  idea  that  a  society  should  be  formed  to  benefit 
all  inl  t  the  automotive  industry,  and  tradition  has  it 

s  held  in  his  office  with  leading  engineers  of 
ndustry  culminated   in  a  decision  to  form  a  society   of 
engineers  wh>  i   in   the  design   and  construction 

The  three  men  present  at  this  meeting  wore 
H.    M     Swetland,    A.    H.   Whiting  and   E.   T.  Birdsall.     An 
.     :iization  was   effected   at   that   time  by   naming 
A.    I*   Riker  as    president.   E.   T.   Birdsall   as   secretary   and 
-irer,    and    designating    Messrs.    Whiting,    Birdsall    and 
land   a   committee   to   draft   a   constitution.     This   com- 
mittee decided  to  name  the  organization  the  Society  of  Auto- 
mobile  Engineers,  and   presented  a   constitution   that   stipu- 
lated conditions  of  membership  in  the  Society,  specified   the 
annual  dues  and   provided   for  regular  officers  and   a   board 
.      - 
Under  this  constitution,  in  January,  1905,  A.  L.  Riker  was 
elected    president;    Henry    Ford,    first    vice-president;    John 
ind   vice-president;   and   E.  T.  Birdsall,  secre- 
treasurer.      Six    managers    were    elected    also,    namely. 
A    H.  Whiting,  I..  T.  Gibbs.  H.  M.  Swetland,  H.  P.  Maxim, 
EL    W.   Alden   and   H.   Vanderbeek.     Additional   membership 
in  the  S<«  acquired  during  1905,  and  a  formal  meet- 


ing of  the  organization  was  held.  Jan.  1">.  1906,  at  the  NYu 
Grand  Hotel,  Now  York  City,  The  meeting  comprised  a 
dinner  and  a  program  at  which  engineering  papers  bj 
Thomas  J.  Fay,  Senry  Hess  and  K.  T.  Birdsall  were  pre- 
sented,    At   this   time  the  officers  and   managers  mentioned 

above  were  re-elected  to  serve  (luring  the  following  year. 
Mr.  Whiting  was  present  at  this  meeting. 

Mr.  Whiting  was  born  at  Spuyten  Duyvil,  N.  Y.,  July  26, 
1ST  I  In  1896  he  graduated  with  the  degree  of  Bachelor 
of  Philosophy  from  the  electrical  course  of  the  Sheffield 
Scientific  School  of  Yale  University.  From  September,  1896, 
to  July.  1899,  he  was  connected  with  the  Riker  Electric 
t  Co.,  and  from  that  time  until  November,  15)00,  was 
assistant  engineer  and  general  superintendent  for  the  Riker 
Motor  Vehicle  Co.  His  later  business  connections  until 
May.  1905,  included  engineering,  sales  and  managerial  expe- 
rience in  responsible  positions  with  the  Electric  Vehicle 
Co.,  Rainier  Motor  Corporation,  Edison  Storage  Battery 
Co,  and  the  Commercial  Motor  Co.  Afterward  he  became 
president  of  the  Whiting  Motor  Co.,  New  York  City.  For 
many  years  this  company  was  a  dealer  of  the  Mercer  Motors 
Co.,  and  recently  of  the  Fox  Motor  Car  Co. 

Aside  from  his  business,  Mr.  Whiting's  chief  interest  was 
in  the  development  of  numerous  motor-vehicle  accessories 
in  his  private  laboratory.  He  was  a  member  of  the  Yale 
Club,  the  Engineers'  Club  and  the  Automobile  Club  of  Amer- 
ica. It  is  indeed  deplorable  that  he  should  have  become  dis- 
heartened by  a  recent  swift  succession  of  business  reverses 
that  overbalanced  his  good  judgment.  He  left  a  widow; 
there  were  no  children. 


STEPHEN  M.   LEE 


EPHEN    M.    Lee,    assistant    mechanical    engineer    in    the 

werplant  Section,  U.  S.  Bureau  of  Standards, 

;ngton,  died  at  the  age  of  27  years,  Sept.  21, 

from  injuries  caused  by  an  explosion  at  the  Bureau  of 

Standard's  laboratory.     The  disaster  occurred  during  a  test 

well  known   make  of  passenger-car  engine    in   the  alti- 

•  hamber,  this  being  a   part  of  the  program  of  fuel  re- 

h   with  which  the   Research   Department  of  the   Society 

■perating.     Aviation  gasoline  of  high  volatility  wa 

mjr  used  as  fuel,  and  low-temperature  conditions  obtained  by 

;:led  within  the  chamber  while  the  engine 

being    run.      A    gaseous    explosion    inside    the    chamber 

walls,   partially   wrecked    the   building   and   fatally 

injured  Mr.  Lee  who,  with  other  inducting  the 

Mr  it    New   London,   Conn. 

Btion    in    mechanical    engineering    was    obtained    at 

of  Technologj  ,  1  lambridge,  U 

.-.ford  U;  1         dm  ing  the  period 

From  July,  1917,  I  «r,  1918,  nil  prac- 

■s  with  the    '  '.'aval   Reserve 

•    having  the    rating  of 


mate  on  submarine  chaser  No.  331,  and  operated  its  three 
220-hp.  engines.  His  subsequent  experience  prior  to  1921 
was  in  operating  10,000  kw.  turbines,  and  in  assembling  and 

ng  Diesel  engines. 
Feb.  1*.  1921,  he  became  an  assistant  in  the  laboratorj 
for  aeronautical  research  at  the  Bureau  of  Standards.  Be 
gave  marked  evidenee  of  ability  in  research  work  and  was 
promoted  to  the  position  of  assistant  mechanical  engines] 
Hi-  I'.W,  Annual  Meeting  paper  entitled  Testing  Fuels  for 
High-Compression    Engines,    in    collaboration    with    S.    \\ . 

row,  also  associated  with  the  Bureau,  and  his  own  later 
papei    foi    the    1923    Semi-Annual    Meeting   on    Economii 
Motor-Fuel   Volatility,   are   noteworthy   examples  of   bis   col 
trfbutione  and  indicative  of  the  important  work  in  which  he 
was   engaged,    for    the    Bureau,    relative   to   the    lield   of    fuel 

ireh.      He   had   been  assigned  by  the   Bureau  to  direct    the 

fuel-research    work    there.      His    engaging   personality,   bis 
and    promt  •    of    future   achievement,   make   it    mo  i 

unfortunate  that  he  was   not    -pared  tec  continue   his  work. 

lb     .■. :,     elected   to  Junior    Member   grade   in   the  Soi 
!7,    1921. 
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should  be  sent  to  the  Standards 
Committee  in  care  of  the  Society 


PROPER  DIMENSIONING  IMPORTANT 


I  se    of    Both     Bilateral    and     I  nilateral     Systems    of 
Expressing   Tolerances    Proposed 

Appreciating  the  importance  of  the  proper  dimensioning 
and  expressing  of  tolerances  in  connection  with  dimensional 
standards,  the  Council  appointed  a  special  committee  early 
this  year  to  establish  some  uniform  practice.  The  members 
appointed  to  this  committee  were  Earle  Buckingham,  of 
Pratt  &  Whitney  Co.,  G.  C.  Case,  of  the  Lamson  &  Sessions 
Co.,  and  E.  H.  Ehrman,  of  the  Standard  Screw  Co.,  Mr. 
Buckingham  being  designated  as  chairman.  Although  the 
committee  has  not  submitted  a  final  report,  Mr.  Buckingham 
has  submitted  a  comprehensive  review  of  the  situation,  to- 
gether with  definite  recommendations.  It  is  appreciated  that 
the  subject  is  too  far-reaching  to  expect  a  satisfactory  de- 
cision to  be  reached  by  a  small  committee  without  the  general 
advice  of  the  industry.  Mr.  Buckingham's  article  is  pub- 
lished herewith  to  elicit  criticism  and  general  information 
which  will  be  of  value  to  the  industry  in  arriving  at  accept- 
able discussions  on  the  problems  involved. 

Tolerances 

The  subject  of  tolerances  is  now  being  widely  discussed, 
not  only  here  but  also  abroad,  particularly  with  reference  to 
their  application  to  various  standards  which  are  in  course 
of  preparation.  It  has  been  suggested  that  some  uniform 
practice  in  regard  to  tolerances  should  be  adopted.  At  the 
present  time,  the  S.  A.  E.  Standards  follow  no  uniform  rule, 
examples  of  almost  every  method  existing  in  them.  Before 
making  any  definite  recommendations,  it  would  be  well  to 
consider  the  various  practices  to  determine  if  any  one  method 
is  superior  to  the  others;  or,  if  not,  to  determine  what  con- 
ditions require  different  practices. 

Tolerances  may  be  divided  into  two  general  classes:  Uni- 
lateral and  bilateral.  A  unilateral  tolerance  is  one  wherein 
the  permissible  variation  is  in  one  direction  only  from  a 
given  nominal  size;  such  as  "one  inch,  plus  nothing,  minus 
five  thousandths,"  or  "one  inch,  plus  five  thousandths,  minus 
nothing." 

A  bilateral  tolerance  is  one  in  which  the  permissible  varia- 
tion is  in  both  directions  from  a  given  nominal  size;  such  as 
"one  inch,  plus  or  minus  three  thousandths." 

Another  question  is  often  discussed  and  sometimes  con- 
fused with  the  foregoing  classification  of  tolerances,  although 
it  is  entirely  independent  of  them.  This  is  the  question  as 
to  whether  the  shaft  or  the  hole  should  be  standard.  For 
example,  if  a  minimum  clearance  of  five  thousandths  is  re- 
quired between  a  one-inch  shaft  and  hole  at  one  time,  and  a 
minimum  clearance  of  ten  thousandths  is  required  between 
another  hole  and  shaft  of  the  same  nominal  diameter,  which 
member  should  be  made  of  constant  size  and  which  should 
be  varied  to  provide  for  the  differing  conditions? 

Thus,  in  order  to  arrive  at  a  standard  practice  that  will 
be  complete  we  must  decide  the  following  questions: 

(1)  Shall  we  use  unilateral  or  bilateral  tolerances? 

(2)  Shall  the  shaft  or  hole  be  basic? 

In  the  second  question,  the  term  "shaft"  represents  all 
male  surfaces,  and  the  term  "hole"  represents  all  female  sur- 
faces. 

One  of  the  first  instances  in  which  definite  tolerances  were 


established  was  that  of  weights  and  measures  used  in  com- 
merce. In  this  Country  the  practice  was  to  specify  given 
tolerances,  plus  and  minus  (bilateral),  from  the  fundamental 
standard.  The  amount  of  the  tolerances  varied  according  to 
the  use  or  classification  of  the  standard.  The  reason  for 
this  was  to  keep  the  average  of  the  weights  and  measures 
used  throughout  this  Country  as  close  as  possible  to  the 
fundamental  units.  This  practice  is  shifting,  however,  as  it 
created  a  tendency  to  work  as  closely  as  possible  to  the 
smallest  limit,  particularly  in  the  case  of  standard  package 
goods.  For  scientific  purposes,  a  bilateral  tolerance  on 
weights  and  measures  as  small  as  possible  is  desirable;  while 
for  commercial  standards  of  weights  and  measures,  where 
the  greatest  good  to  the  greatest  number  is  desired,  a  plus 
tolerance  only  (unilateral)  is  gaining  favor.  While  most  of 
the  factors  governing  the  practice  of  tolerances  as  applied 
to  standards  of  weights  and  measures  are  foreign  to  those 
governing  mechanical  standards,  it  is  of  some  assistance  to 
review  them. 

In  discussing  the  subject  of  tolerances  as  applied  to  me- 
chanical standards,  we  must  differentiate  between  mating 
and  non-mating  surfaces.  For  the  first  class  of  surfaces,  we 
must  always  consider  the  relationship  between  the  two 
mating  surfaces.  For  the  second  class,  where  ample  clear- 
ances are  always  present  one  surface  only  need  be  con- 
sidered. 

NON-MATING    SURFACES    OR    ATMOSPHERIC    FITS 

For  non-mating  surfaces,  and  other  unimportant  dimen- 
sions where  tolerances  are  specified,  the  class  of  tolerances 
that  should  be  used  depends  entirely  upon  the  requirements 
of  the  manufacturing  processes  employed.  For  example, 
the  diameter  of  the  head  of  a  rivet,  the  diameter  or  thick- 
ness of  a  washer,  dimensions  of  forgings,  castings,  hot-rolled 
material,  etc.,  should  be  permitted  to  vary  in  the  direction 
that  variations  develop  in  normal  manufacture.  Thus,  if  a 
certain  size  is  controlled  by  the  size  of  a  tool  alone,  and  this 
tool  grows  larger  with  use,  the  logical  thing  would  be  to 
make  the  nominal  size  the  minimum  limit,  and  permit  a  plus 
tolerance  only  (unilateral).  On  the  other  hand,  if,  in  addi- 
tion to  the  wear  on  the  tool,  an  adjustment  of  the  machine 
were  also  involved,  so  that  the  normal  variation  of  the  di- 
mension in  question  was  either  larger  or  smaller,  a  plus  and 
minus  (bilateral)  tolerance  should  be  given.  In  other  words, 
the  type  of  tolerance  used  should  follow  the  nature  of  the 
variations  which  exist  in  the  production  of  the  respective 
material  in  question. 

MATING    SURFACES 

The  problem  of  tolerances  on  mating  surfaces  is  entirely 
different  from  that  of  non-fitting  ones,  or  atmospheric  fits. 
We  are  now  considering  interchangeable  parts.  We  estab- 
lish tolerances  to  assure  that  under  the  tightest  possible  con- 
ditions the  fit  between  mating  parts  will  not  be  too  tight; 
while  under  the  loosest  possible  conditions  they  will  not  be 
too  loose.  The  first  step  toward  the  establishment  of  toler- 
ances should  be  to  determine  the  tightest  and  loosest  con- 
ditions we  are  willing  to  accept.  The  difference  between  these 
conditions  represents  the  sum  of  the  tolerance  on  the  mating 
parts. 

After  this  value  is  decided  upon  the  next  step  is  to  appor- 
tion it  between  the  two  mating  parts.  The  way  in  which 
this  sum  is  divided  should  be  governed  largely  by  the  ease  or 
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in   this   respect,   the   tolerance 

iardization,  it  is  essential  that  deti- 

for  both   mating  members  be  established 

which  -egoing  conditions.    So  far  as  any  one  par- 

.1,  it  makes  no  difference  where 

mating  parts  is  made.   The 

have  it  defin  i  ished  in  each  par- 

lld  not  consider  any  standard  as  a  unit  in  it- 
purpose   which   standardization   should    serve 
and  reduce,  as  far  as  possible,  stock  sizes  of 
.  etc..    The  benefits  of  such  a  procedure  should 
ient. 
Here  we  must  consider  two  general  types  of  mating  sur- 
;   common  or  standard,   and  special.     Among  the  corn- 
surfaces  are  cylindrical,  taper  and   flat  surfaces.      An 
pie   of   special    surfaces   would    be    splined    shafts    and 

•re  mating  surfaces  of  standard  form  are  involved,  for 
purposes  of  simplification  one  limit  of  one  of  the  mating 
members  should  be  some  basic  dimension.  Such  a  basic 
would  be  some  even  number  of  inches  or  com- 
monly used  fraction  of  an  inch.  The  tolerance  used  in  such 
a  case  is,  of  necessity,  a  unilateral  one;  otherwise  the  basic 
■•ould  not  represent  one  of  the  limits  but 
rather  something  between  them. 

[DflM    SHAFT   OR    MINIMUM    HOLE   BASIC 

The  question  next  to  be  answered  is.  Which  part  should  be 

made  basic?     Where  the  tightest   permissible  condition   has 

a  zero  allowance — in  other  words,  when  the  parts  are  of  the 

size — both  members  will  be  made  basic.    In  other  cases 

jld  be  a  matter  of  whether  it  would  be  more  economical 

-tandard  size  of  tool  or  standard  size  of  material. 

•   a  standard  size  of  tool  is  to  be  used,  the  minimum  hole 

should  be  made  basic.     When  a  standard  size  of  material  is 

to  be  used  without  machining,  the  maximum  shaft  should  be 

made  basic. 

In  a  very  large  number  of  cases  the  greatest  economy  is 

secured  by  using  tools  of  standard  sizes  for  the  holes.     For 

er    sizes    in    particular,   these   tools   are    usually    solid 

'Ut    any    possible    adjustment,   while    the   tools    for    the 

-g  members  are  usually  adjustable.     In  such  cases  the 

il  step  is  to  make  the  minimum  hole  of  basic  size. 

On  the  other  hand,  shaft   members  are  often   used   with- 

nachining,  such  as  tubing,  cold-drawn  shafting,  etc.     In 

:on,    various    types   of   apparatus   are   often    purer 

h    have   connecting  m'u  I   basic   size.     Sometimes 

loose  fits  and  sometimes  tight  fits  are  desired  on  these  same 

Z  members  in  different  installations.     In  all  of  the 

es   logic  would   dictate   making  the   maximum 

•iasic  size,  although  special  tools  would  be  required 

-ichine  the  mating  members  to  secure  the  desired  class 

-  mating  parts  of  special   form,  the   starting   point  or 

ran  be  chosen  without  regard  to  anything  ex- 
-  form  in  question.    As  the  tools  are  special 
for  •  e  only,  no  advantage  is  gained 

•    nominal   size.      In   general,  the  sizes   selected 
"  ■  of  material   available 
e  ahaft  member  is  to  be  made. 

ever,  and  if  both  tight 
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■ike  the  sizes  of  the 
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or  unilateral,  depending  entirely  upon  the  nature  of  the 
variations  which  develop  in  manufacture.  There  can  be  no 
question  here  of  niiliilinim-hole  basic  Or  maximum-shaft 
.  SS  there  is  but  one  member  to  consider, 
mention  has  been  made  in  the  foregoing  of  the  1 
tion  of  holes.  Where  tolerances  are  required  on  such  dimen- 
sions, usually  they  should  be  bilateral,  as  a  variation  in 
either  direction  is  generally  equally  dangerous.  The  varia- 
tion in  the  distance  between  shafts  carrying  mating  gears, 
however,  should  always  be  unilaterial  and  plus;  otherwise 
the  gears  might  be  too  tight  to  assemble,  while  a  slight  in- 
crease in  the  backlash  between  gears  is  seldom  of  such  im- 
portance. In  other  words,  the  tolerance  on  the  distance  be- 
tween holes  should  be  bilateral  when  variation  in  either 
direction  is  dangerous  and  should  be  unilateral  when  a  varia- 
tion in  one  direction  is  less  dangerous  than  a  variation  in 
the  other  direction. 

On  mating  surfaces,  with  but  few  exceptions,  the  toler- 
ances should  be  unilateral. 

The  minimum  hole  should  be  of  basic  size  in  all  cases 
where  the  simplification  and  use  of  standard  tools  repre- 
sents the  greatest  economy. 

The  maximum  shaft  should  be  of  basic  size  in  all  cases 
where  the  use  of  standard  purchased  material  without  fur- 
ther machining,  and  the  provision  of  special  tools  for  ma- 
chining the  mating  part,  represent  the  greatest  economy. 

One  exception  to  the  use  of  unilateral  tolerances  on  mating 
surfaces  occurs  where  tapers  are  involved.  In  this  case 
either  bilateral  or  unilateral  tolerances  may  prove  advisa- 
ble, depending  upon  conditions.  These  should  be  determined 
in  the  same  way  as  the  tolerances  on  distances  between  holes. 
When  a  variation  either  in  or  out  of  the  position  of  the 
mating  taper  surfaces  is  equally  dangerous,  the  tolerances 
should  be  bilateral.  When  a  variation  in  one  direction  is  of 
less  danger  than  a  variation  in  the  other  direction,  the  toler- 
ances should  be  unilateral  and  in  the  less  dangerous  direc- 
tion. 

All  limns    OF    EXPRESSING    TOLERANCES 

Alany  different  methods  are  employed  to  express  the  toler- 
ances on  drawings  or  specifications.  The  essential  consider- 
ation in  the  choice  of  such  a  method  is  to  choose  the  one 
which  offers  the  least  opportunity  of  being  misunderstood. 
The  only  purpose  of  a  drawing  is  to  record  or  convey  the 
necessary  information  to  enable  a  given  piece  to  be  manu- 
factured. The  method  used  to  convey  this  information  de- 
pends largely  upon  how  it  is  to  be  used.  Some  parts,  made 
in  extremely  large  quantities,  are  controlled  in  manufacture 
entirely  by  the  tools  and  gages.  Sometimes  drawings  are  not 
used  at  all  in  the  production  departments.  In  such  cases 
the  part  drawings  can  specify  limiting  dimensions  only. 

In  other  cases,  where  parts  are  made  in  smaller  quantities, 
the  drawings  themselves  are  the  only  special  facilities  em- 
ployed.    In  these  instances  the  information  should  be  given 
in  such  a  manner  that  the  parts  can  be  roughed-out  and  fin- 
ished   with    the   least   chance   of   misunderstanding.      As   an 
example,   we  will    assume   that   we   have   a   shaft   and   hole, 
nominally  2V4   in.  in  diameter,  and  that  the  minimum  clear- 
ance is  0.001   in.,  while  the  maximum  clearance  is  0.005  in. 
Several  ways  of  expressing  this  information  are  as  follows: 
Diameter  of  hole,  2.250 
2.252 
Diameter  of  shaft  2.249 
2.247 

The    foregoing  gives   the  limiting  sizes. 

of   hole,   2.250  +  0.002 

—  0.000 
Diameter  of  shaft  2.249  +  0.000 

—  0.002 

The   foregoing  gives   one   limiting  size  on   each   part   with 

Diameter  of  hob',    2'i"  i  0.002 

—  0.000 
Diametei  of  shaft  2%"  — 0.001 

—  0.003 

The  foregoing  method  is  widely  used  when  parts  are  made 
in    small    quantities    and    where    no   gages    are   used    in    the 
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TABLE    1 — STANDARDS 


Name  ofStandard 

Insulated  Cable 

Insulated  Cable 

Storage    Battery   Jars 

Plain  Washers 

*Rod-Ends 

Rubber  Hose  for  Gasoline 

Ball  Studs 

Round  High-Strength 

Steel   Wire 
Motorcycle  Wheels 
Motorcycle  CC  Rims 
Solid-Tire  Base-Bands 
Solid-Tire    Felloe-Bands 
Solid-Tire  Demountable 

Rims 
*Spring-Eye  Bushings 
Width  of  Spring  Ends 
Door  Locks  and  Handles 


WITH    BILATERAL    TOLERANCES 

S.  A.  E. 

Handbook 

Page 

Nature  of  Surface 

B33 

Atmospheric  Fit 

B36 

Atmospheric  Fit 

B40 

Atmospheric  Fit 

C5c 

Non-Mating  (Thickness) 

C9 

Mating  (Diam.  of  hole) 

C51 

Non-Mating 

C58b 

Taper  Diameter 

C71 

Atmospheric  Fit 

F3 

(Circumference  of  Riml 

G9 

Fits  Rubber  Tire 

Gil 

Atmospheric  Fit 

G12, 13 

Atmospheric   Fits 

G15 

Non-Mating 

H5 

Mating   (Diam.  of  Eye) 

H6 

Non-Mating 

K45 

Non-Mating 

roughing  operations.  In  many  such  cases  the  measuring 
tools  used  in  the  roughing  operations  are  steel  scales  and 
calipers  only.  The  use  of  decimals  for  the  nominal  size 
would  be  confusing  to  the  operator  who  is  roughing-out  ma- 
terial. As  he  leaves  from  1/32  to  1/16  in.  for  finishing,  the 
few  thousandths  of  an  inch  specified  for  the  allowance  and 
tolerance  is  of  no  importance  to  him.  The  operater  who 
finishes  the  surfaces  usually  measures  them  with  microm- 
eters, and  in  measuring  the  shaft  it  is  as  easy,  or  easier, 
for  him  to  measure  from  one  to  three  thousandths  under 
2%   in.  as  it  would  be  to  measure   from   2.249  to   2.247  in. 

Any  of  the  stated  methods  are  entirely  suitable  for  ex- 
pressing unilateral  tolerances.     All  of  them  are  self-evident. 

Another  method,  which  should  be  discouraged,  is  some- 
times used  to  express  tolerances.  This  method  expresses 
an  intrinsically  unilateral  tolerance  as  regards  the  nominal 
size  as  a  bilateral  tolerance  on  the  mean  size.  It  is  as  folows: 
Diameter   of   hole,  2.251  ±  0.001 

—  0.001 
Diameter   of  hole,   2.151  +  0.002 

There  is  no  value  in  such  cases  in  emphasizing  the  mean  size. 
It  is  more  liable  to  confuse  than  to  simplify.  Furthermore, 
the  original  tolerances  specified  often  are  changed  as  time 
and  experience  indicate.  In  the  foregoing  example,  if  the 
tolerances  on  both  surfaces  were  increased  a  thousandth. 
we  would  then  have  the  following: 

Diameter   of  hole,  2.251  +  0.002 

—  0.001 
Diameter  of  shaft,  2.248  +  0.001 

—  0.002 

In  such  cases — and  many  of  them  exist — the  denoted  size 
is  no  longer  the  mean  size,  and  has  absolutely  no  excuse  for 
existence.  It  is  best  practice,  in  all  cases  where  the  toler- 
ances are  unilateral  ones  from  a  standard  nominal  size,  to 
express  them  by  one  of  the  first  three  methods  shown. 

In  the  case  of  a  bilateral  tolerance  on  a  non-fitting  surface 
or  atmospheric  fit,  the  tolerance  is  best  expressed  as  a  bi- 
lateral one,  as  follows: 

%  ±  1/32 

Sometimes  it  is  desirable  to  express  the  dimensions  in 
decimals,  as  follows: 

0.250  ±  0.005 

In  addition  to  the  methods  of  expressing  tolerances,  thert- 
is  the  subject  of  the  proper  methods  of  dimensioning  draw- 
ings with  tolerances  so  that  there  can  be  no  misunderstand- 
ing. This  is  such  a  large  subject  in  itself  that  no  other 
mention,  except  calling  its  existence  to  attention,  will  be 
made  now. 

SUMMARY 

It  should  be  evident  from  what  is  said  above  that  there 
is  proper  use  of  both  unilateral  and  bilateral  tolerances;  of 
making  the  minimum  hole  basic  and  also  of  making  the 
maximum   shaft   basic.     Also   that   varying  methods   of   ex- 


pressing these  tolerances  and  allowances  can  be  employed 
to  advantage.  The  attempt  has  been  made  to  indicate  in 
general   their   proper   application. 

S.  A.  E.  Practice  in  Standards 

It  is  of  interest  in  this  connection  to  review  some  of  the 
existing  S.  A.  E.  Standards,  in  which  tolerances  are  speci- 
fied, to  see  how  nearly  they  already  agree  with  the  practice 
proposed  in  this  discussion.  Possibly  some  of  the  standards 
have  been  overlooked  in  making  this  summary,  but  practi- 
cally all  of  them  have  been  included. 

There  are  46  standards  wherein  unilateral  tolerances  only 
are  used.  There  are  17  standards  in  which  bilateral  toler- 
ances only  are  used. 

There  are  27  standards  in  the  case  of  which  both  unilateral 
and  bilateral  tolerances  are  used,  sometimes  on  different 
surfaces  of  the  same  standard  part  and  sometimes  on  the 
same  surfaces  of  different  sizes  in  the  series. 

The  best  practice  is  to  use  unilateral  tolerances  only  on 
mating  surfaces,  while  either  unilateral  or  bilateral  toler- 
ances can  be  used  on  non-mating  surfaces.  We  will  there- 
fore review  in  detail  only  the  bilateral  tolerances. 

TABLE    2 — STANDARDS    WITH     UNILATERAL    AND    BILATERAL 
TOLERANCES 

S.  A.  E.     Nature  of  Surface  Wfu  i 1 
Handbook         Bilateral   Tolerance 
Page  Is  Used 

B6  Non-Mating   (The  Three 

smaller  sizes   use  uni- 
lateral tolerances  only) 
B14a         Mating       (Shafts       and 
Coupling  Bore) 

B15a         Non-Mating 

C32  Non-Mating  (Width. 

Note,  on  several  other 
types  the  tolerance   is 
unilateral  on  this  sur- 
face also) 
C33a         Non-Mating     (Width) 
B33b         Non-Mating     (Width) 
C33c         Non-Mating     (Width) 
C40  Non-Mating  (Thickness) 

C41  Non-Mating  (Thickness) 

C42  Non-Mating  (Thickness) 

C43  Mating    (Bore) 

Non-Mating   (Width* 
Mating  (Bore) 
Non-Mating   (Width) 


Name  of  Standard 
Lamp  Glasses 


"Magneto   Mountings 

Generator  Mountings 
(Flange  Type) 

Annular  Ball-Bearings 
(Open) 


Annular  Ball-Bearings 
Annular  Ball-Bearings 
Annular  Ball-Bearings 
Thrust  Ball-Bearings 
Thrust  Ball-Bearings 
Thrust  Ball-Bearings 
*Roller  Bearings 


*Roller  Bearings  C44 


Fuel    and   Lubrication 

Pipe   Fittings 
Ball  Studs 
Plain     Hex-Head     Bolts 

and  Nuts 
Ball  Hex-Head  Bolts  and 

Nuts 
Tachometer  Drive 


Tachometer  Drive 
Tachometer  Drive 
Turnbuckles 
Turnbuckles 


Roller-Chain  Sprockets 
Three-Joint  Propeller- 
Shafts 
Clutch  Facings 


Motorcycle  Spokes 
Pneumatic-Tire  Rim-Sec- 
tions G3 
Felloe-Bands                           G7 


C47 

Non-Mating 

C58c 

Taper  Diameter 

C60,  61 

Non-Mating 

C62,  63 

Non-Mating 

C75 

Mating  (Square  Broach- 

ed Hole 

Non-Mating 

C76 

Non-Mating  or  Clearance 

C77 

Clearance 

C79 

Atmospheric  Fit 

C81 

Mating   (Thickness  of 

Eye) 

Atmospheric  Fits 

E4 

Clearance 

E6b 

Diam.  of  Taper 

E19 

Location  of  Holes 

Non-Mating  (Thickness) 

F4 

Atmospheric  Fits 

Non-Mating   (Fit?  Tire's 
Non-Mating 
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.  i  ral  toler- 
starred  in  the 
Eye    IUi^1 
them    eon  the 

.•u-t's  and 
itea  the  nature 
.ich  the  bilateral  tolerances  only  are 

rndards,  only  5  have  bilateral  toler- 

ng  surfaces.      These   items   are  starred   in   the 

Thus,   out   "f   4  1    standards    where   bilateral 

used,   only    7    need    be   changed    in    order    to 

in  all  in  agreement  with  the  practice  recommended. 

dards  where  the  minimum  hole  is  1   . 

■  dards  where  the  maximum  shaft  is  basic. 

indards    where    both    mating    parts    start 

at  b.: 

■.'.    standards   in   which  neither   member   is 

of  b.i  of  special   form.     In  a   few 

cases,  where  both  tight  and   loos  •■  specified,  neither 

:'    constant    size,    so    that    tools    and    gages    are 

,il.   not   only   for    each    size   but    also   for    each    class   of 

n  extremely  uneconomical  practice  and  should 

be  corrected. 

on  and  brief  summary  of  S.  A.  E.  Standards 

for    comment    and    criticism.      It    seems    very 

able  to  bring  this  matter  before  the  Society  at  this  time 

•irk  out  some  uniform  practice  to  which  all  of 

Standards  may  adhere. 

r  practice  is  adopted,  it  should  be  definite  enough 

and   also  be   rlex:  gh   to  meet  the 

many  varying  cor..:  th  which  the  industry  as  a  whole 

•••nd. 


SIMPLE  BRAKE  TKST  NEEDED 


Vctivirj     nf     Police     in     Inspecting     Brakes    Warrants 
Adoption  of  Standard  Brake  real 

.mmendations    to    decrease    automobile    acoi- 

were   made  in  the  first  report  of  a  special  committee 

inted  by  the  Grand  Juror-'   Association  of   New    York 

to  study  the  causes  of  th.-  steady  increase  in  deaths  due 

tor  cars.     The  BUgg  i  ere  the  outcome  of  a 

e   with  officials  concerned   with   the   automobile   trade. 

traffic    and    the   enforcement    of   the    rules,    regulations    ami 

ances  covering  automobile  operation.     The  fifth   re 
mendation     proposed     ;.  mination     for    defective 

•  used  by  the  New  York  polii  iquad  engaged 

:ng  automobile  brakes  is  as  fol 

The   officer   takes   a   seat   by   the   driver   and   din- 
he  speed  up  the  car  to  between   1">  and   18  m.p.h. 
Then  at  his  direction  the  driver  app:  tot-brake. 

If  the  eai  pped  within  .'{0  ft.   the  foot-braki 

factory    and    th<-    driver    is    instrn 
tbi    performance,  but   using  his  emergency 

If  either  brake-   is   found  defective  the  drivei    i- 

-•-urn    within    three    or    four    days    for    a 

;.-up.      If    both    bi  e    found    defective    the 

i    summor  ■  ar   in   court. 

n  the  city  street-,  jrre 
'   thl        ndition  of  the   pavement   with   the  exception 

ed. 

Department  doi  k  with  favor  upon  the 

Ices   by   math.'  oped   for  that    pui 

the  only  satisfactory  made 

pinion  of  certain   New   Yoik 

gn     are    of 

I  hat  ear  mannf  have 

to    brake    design    for    the    last    10    ;. 

tnt   unit  in   the 
importance  as  a  mean*  of  avoiding  fatali- 
They  feel  that,  with  the  increasing  practice 
by  flnshii  er  with  the  ever-pri 


danger  of  wet   streets  due  to  rain,  brakes  should  be  designed 
which   will    meet    such   conditions. 

This   subject    is    receiving   the   careful    consideration   of    the 

Subdivision  on    Brake  Tests,  of  which   Clarence  Carson  of 
Dodge  Brothers  is  chairman.    Comments  received  from  com- 
mittee members  in   reference  to  the   New    York   practici 
testing  brakes  indicate  that  the  requirements  are  considered 

fair,    but    that    a    definite    standard    should    be    promulgated 
which   might   be   followed   generally   throughout    the   Country. 

The   following  comments    received    are  of  special    interest. 

Stopping  Distances 

In  general  we  believe  that  any  brake  tests  should 
consist  of  an  actual  driving  test,  preferably  on  a  dry 
road  surface  such  as  concrete  where  the  friction  be- 
tween the  wheels  and  the  road  is  fairly  constant,  Cars 
should  be  tested  with  full  passenger-loads  if  possible. 
We  expect  our  touring  cars  to  stop  under  the  above 
conditions  in  the  following  distances: 

Car  Speed.  M.P.H.  Stopping  Distance.  Ft 

111  6 

15  12 

20  28 

38 

80 
40  120 

We  would   consider  the  above  distances  as  shown  to 

be   rather   re  exacting  than  could  be  expected   from 

the  ordinary  rear-wheel  brake  equipment,  but  are  giv- 
ing them  so  they  may  be  considered  as  the  best  that 
can  be  done  without  using  front-wheel  brakes  and  one 
that  i*  commercially  practical  with  a  well-designed 
transmission  type  of  service-brake. 

Test  Conditions 

The  stipulation  of  bringing  a  car  to  res!  within  50 
ft.  at  20  m.p.h.  seems  very  reasonable  indeed.  We  knou 
that  properly  designed  rear  brakes  can  always  be  re- 
lied on  to  do  better  than  this  on  any  reasonable  sur- 
face. 

The   present    allowance  for  a  variation   in  speed  be 
tween  15  and  18  m.p.h.,  implying  a  variation  of  20  per 
cent  in  speed  and  44  per  cent  in  stopping  distance,  is 
entirely    too    inaccurate.      Accurate    means    should    be 
available  for  checking  the  speed  of  the  car. 

The  testing  track  should  be  under  cover,  as  surfa.  e 
conditions,  especially  on  tarred  roads,  vary  consider- 
ably with  the  temperature  as  well  as  with  moisture. 
The  tire  pressure  should  be  stipulated  and  should  be 
that  recommended  for  use  by  the  makers  of  the  vehicle, 
rather  than  the-  high  pressures  called  for  by  some  of 
the  tire   manufacturers. 

A  standard   loading  should  be  provided,  which  might 

onably  consist  of  Ihe  full  complement  of  passengers 

for   two   and    t  hi  c-e- passenger   machines,   and    four    pel 

for  larger  passenger  cars    (150  lb.  to  be  allowed 

for  each  passenger). 

Nati  re  oi-  Test 

In  i  raki     on  cars  we  have  nol  ye<   found 

any  satisfactory  mechanical  means  for  doing  the  work 

and    believe   that   a    road   test   is   the  best    method    at   the 

enl    time.      This    road    test   can    be    carried    out    by 

any    person    of    average    intelligence   and    requires    no 

al  knowledge  cm  the  part  of  tho  e 
ducting  the  te  ' 

Under  average  dry  road  conditions  the  stopping  di 
tancet    v.  tun    running  at   the   rate   of  20   m.p.h.   should 
be-  ::?   ft.     To  allow   f le   nervou  ne  i  on   the 

part    of    the    I  when    undergoing    i 

we  have  usually  allowed  10  per  cent  over  this  distance, 
calling  40  ft.  satisfactory  fOT  Stopping  the  car  when 
going  at  20  m.p.h.  In  conducting  these  tests  it  is 
usually  well  to  have-  sonic  mechanic  as  an  observer  to 
note   the   adjustment  of   the   band-   on    the    wheels   and 
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the  distance  the  foot-pedal  goes  down  toward  the  floor- 
board when  applying  the  brakes. 

We  know  that  this  test  works  well  and  it  can  be 
carried  on  very  expeditiously  by  any  police  force. 

Brake  Surface  Area 

We  are  heartily  in  favor  of  brake  tests,  not  only  on 
account  of  the  number  of  brakes  found  defective  in 
tests  we  have  observed,  but  also  because  of  the  num- 
ber of  drivers  we  have  found  who  do  not  know  how 
properly  to  bring  their  cars  to  a  stop. 

It  seems  to  me  that  more  attention  is  being  paid  to 
the  brakes  6n  the  wheels  in  particular  than  to  the 
entire  braking  system  in  general.  The  ratio  of  square 
inches  of  braking  surface  to  100  lb.  of  car  weight 
varies  through  a  great  range  and  it  seems  to  me  that 
this  is  a  matter  which  could  be  standardized.  There 
is  also  a  great  variation  of  brake-drum  diameters.  I 
believe  this  matter  is  one  which  should  receive  some 
consideration  and  the .  brake-drum  diameter,  together 
with  its  width,  should  bear  a  certain  relation  to  the 
car  weight. 

I  feel  that  some  study  could  be  profitably  given  to 
the  linkage  system  and  the  pressure  required  on  the 
foot-pedal  to  produce  the  desired  deceleration.  The 
number  of  women  drivers  is  increasing  every  day  and 
a  woman  cannot  exert  the  pressure  on  a  foot-pedal 
that  a  strong  man  can.  Consequently,  I  believe  that 
the  brake  system  should  be  so  designed  that  the  brakes 
can  be  effectively  applied  by  the  average  woman  driver. 


REVISED  MOLDING  STANDARDS  PROPOSED 


Original  Recommendation  Covering  Aluminum  Molding 
Changed  as  a  Result  of  Comments 

The   progress   report   which   was   published   in  full   in   the 
May  issue  of  The  Journal  has  been  revised  as  a  result  of 


Estimated  Weight  per  Linear  Foot:  0.180  Lb. 
Fig.    1 — Drip    Type    of    Molding 


> 


Fig.   3 — Tvpb  B  Belt  Molding 


Estimated  Weight 

No. 

A 

B 

C       Per  Foot,  Lb. 

Bl 

V* 

% 

0.025         0.186 

B2 

V* 

1 

0.025         0.228 

B3 

y* 

1V4 

0.025         0.286 

Estimated    Weight    per   Linear   Foot:    0.331    Lb. 
Fig.   4 — Ttpe  C   Belt  Molding 


criticism  received  from  body  builders  and  passenger-ear 
manufacturers  building  bodies.  It  has  been  found  that  the 
demand  for  ell  and  tee  molding  is  so  limited  that  it  is  in- 
advisable to  attempt  to  standardize  any  particular  styles. 
On  the  other  hand,  the  use  of  belt  molding  being  so  exten- 
sive, it  was  decided  that  more  than  one  type  should  be  in- 
cluded in  the  standard.  The  recommendation  has  therefore 
been  revised  to  include  one  type  of  drip  molding  and  three 
types  of  belt  molding,  there  being  three  sizes  for  one  of  these 
types.  The  complete  report  thus  covers  six  types  and  sizes 
of  molding.  The  report  is  given  in  full  in  the  accompany- 
ing illustrations  and  table. 

It  should  be  appreciated  that  the  moldings  proposed  are 
standard  at  the  present  time,  having  been  selected  from 
those  sizes  most  widely  used  in  present  practice.  As  the 
molding  manufacturers  are  called  upon  to  furnish  an  almost 
unlimited  number  of  types  and  sizes  of  molding,  practically 
no  two  orders  of  which  specify  the  same  cross-section,  the 
advantage  to  the  industry  if  the  proposed  types  of  molding 
are  adopted  as  standard  practice  will  be  appreciated. 


PROPER    SPARK-PLl  G    SPACE   IMPORTANT 


Estimated  Weight  per  Linear  Foot:  n.143  Lb. 
Fig.   2 — Ttpe   A   Belt   Molding 


Minimum   Clearance   Dimension   to   Be   Determined   as 
a  Guide  for  Future  Engine  Design 

The  Spark-Plug  Subdivision  of  the  Electrical  Equipment 
Division  has  indicated  that  it  would  be  desirable  to  establish 
a  standard  minimum  dimension  for  the  vertical  distance 
from  the  spark-plug  gasket-seat  to  the  nearest  interfering 
object.  This  dimension  is  considered  important  as  there  is 
a  tendency  on  the  part  of  some  manufacturers  to  make  this 
clearance  such  that  certain  types  of  spark-plug  which  the 
public  demands  cannot  be  used  because  of  lack  of  proper 
clearance. 

In  order  to  determine  whether  it  is  feasible  to  standardize 
such  a  dimension,  information  has  been  obtained  on  present 
practice  and  turned  over  to  the  Spark-Plug  Subdivision.  It 
is  expected  that  a  definite  recommendation  based  on  this  in- 
formation will  be  submitted  at  an  early  date. 
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Pbysical-Propertj    Charts    to    Be    Extended    to    Include 

(  lirniiiiuui   and   (  liri>miiiin-\  .ni.iilitiin   Steels 

.il  proper'  a   in  the   S.    A     E. 

Handbook  are  ed  as  ind  :'  what  may  tx 

.iverage  product  of  a  given  range  in  analysis 
from  which  tests  are  taken 
Quoting  from  page 
A.  E.  Handbook: 

•      emed  advisable  to 

.ge  minimum  figures  for  ten  '  gth, 

on  of  area  and  elongation,  based  on 

tisiderations,     heat-treatment     being 

cons- 

j  :e]d-points  and  tensile-strengths 
are  produced  with  steels  at  the  bottom  of 
a  given  range  in  carbon 

The   lowest    reductions   in    area    and   elonga- 
s  are  produced   with  steels  at  the  top 
of  a  given  range  in  carbon 

•  el    1035,    the    average    minimum    yield- 
points   and   tensile-strengths  are  given   as   of  a   steel 
g  0.30  per  cent  carbon;  average  minimum  re- 
f  area  and  elongations  as  of  a  steel  contain- 
ing 0.40  per  cent  carbon 

given  in  the  present  charts  were  estimated 
from  accumulated  data,  in  most  cases  on  sizes  under  1%  in. 
round. 

The  Subcommittee  on  Chromium  and  Chromium-Vanadium 

•  feels  that  data  of  this  kind  for  these  types  of  steels 

entirely  satisfactory  information  on  material 

covering  a  10-point  carbon-range  in  any  of  the  alloy  steels 

•e  of  no  practical   value  for  the  chromium   steels 

covered  by  the  committee. 

In  the  S.  A.  E.  charts,  while  the  lowest  tensile-strength 
and  elastic-limit  apply  on  steels  at  the  bottom  of  a  given 
carbon-range,  and  the  elongation  and  reduction  on  steel  at 
the  D  t  in  the  carbon-range,  no  consideration  what- 

soever is  given  to  the  alloying  elements.  The  minimum  aver- 
age values,  to  be  of  practical  use,  should  take  this  point 
Jeration.  Whether  the  alloying  elements  are  on 
the  high  or  low  side  of  the  range  has  tremendous  influence 
on  the  physical  properties  developed.  For  instance,  on  S.  A.  E. 
Steel  wide   variation    in  would    be   obtained 

on  a  l^i-in.  round  from  two  analyses  as  follows:   Carbon, 
/mium,  0  i  lower  extremity  of  the 

range  in  alloys)   and  Carbon,  0.25;  Chromium,  0.75;   Nickel, 
tremity  of  the  range  in   alloys).     The  first- 
mentioned  analysis  will  not  by  any  means  meet  the  results 
in   tensile   strength   as   indicated    in   the   graphs  of   average 
:^-in.  round  with  an  800-deg.  fahr.  draw. 
on   S.   A.   E.  20   and  various  other   types, 

ich  too  high  to  be  representative  of  average 
th   the   limits   on  the  lower  extremity  of  the 
range. 

r   chromium   and    chromium-vanadium   steels,   the    diffi- 

ng    graphs   of   practical    value    in    accordance 

.■nethod    employed    arc    greatly    increased. 

reason  for  this  lies  in  the  very  nature  of  the  alloying 

r  elements,  where  the  increase  in  physical   proper- 

m   these  elements   is   due   directly   to  the 

of  compiex  carbides,  of  which  these  alloying  ele- 

-ie   Subcommittee  on   Chromium 
•'    lows: 
•  jrraphs  be  given  showing  actual  results  obtain' d 
In.  round  has  bwn  decided  upon 
f  definite  chemical 
'hin   ranjje   01  Ider- 

th  graphs  developed  from  actual 
such 

The   recommend^'  ibeommittee   has   been    sub- 


mitted to  the   members  of  the   Iron   and   Steel  Division   ami 
metallurgists  connected  with  the  different  automobile  com 
panics    for    comment    in    order    that    the    Committee    may   be 
confident  that  when  the  data  are  compiled  they  will  be  of 

the  most  value  to  the  users  thereof. 


BRAKE-DRUM    STANDARD    SURMITT1  l> 


Future   Requirements   Met    bj    I  ight    Drum-Diameters, 

Hut  Onlj    Maximum  \\  iilili  Specified 

The  Subdivision  on  Brake-Drums  has  submitted  to 
Axle  and  Wheels  Division  a  final  report  covering  the  stand- 
ardization of  brake-drums.  The  recommendation,  which  is 
given  in  the  accompanying  table,  will  be  acted  upon  at  the 
next  mooting  of  the  division  and,  if  approved,  submitted  to 
the  Standards  Committee  for  action  at  the  Annual  Meeting 


BRAKE-DRUM    DIMENSIONS 

PROPOSED 

AS    STANDARD 

No. 

M.i,- 

Dia- 
meter 

Inside 
Diana 

Stock 
Thick- 

Maximum 
ight 
of 
WaU 

Maxi- 
mum 

triritv 

0 

(Ford) 

8H 

s  005    7  995 

0  1250 

1ft 

0.020 

1 

10 

9.790-  9.770 

0  1250 

W% 

0  020 

2 

11 

10.710-10.690 

0.1650 

2*A 

ii  020 

3 

12 

11.666-11  646 

0.1S75 

2H 

<i  02(1 

I 

13 

12.666-12  646 

i)  KsTf, 

2V2 

II  0211 

5 

14 

13.635-13.615 

0.2030 

Wk 

II  (12(1 

6 

15 

14.635-14.615 

0.2030 

3 

0.020 

7 

16 

15.605-15  585 

0.2180 

3H 

0  030 

8 

17 

16.541-16.521 

0.2500 

VA 

0.030 

Although  the  Subdivision  voted  favorably  on  the  re] 
some  comments  were  submitted  which  will  be  considered  by 
the  division  when  final  action  is  taken,  the  principal  criti- 
cism being  that  maximum  brake-drum  widths,  rather  than 
definite  widths,  have  been  specified.  It  is  apparently  felt 
that  the  standard  would  be  of  more  value  if  a  definite  width 
or  series  of  widths  were  specified  for  each  brake-drum  diam- 
eter. Comments  in  reference  to  this  point  would  be  appre 
dated  by  the  division  members. 


LEATHER   GRADE   NAMES    CONFUSING 


Upholstery   Leather   Specifications  Being  Prepared   i<- 

Obtain    I  niformity 

At  the  present  time  trade  practice  as  regards  the  nomen- 
clature of  the  various  splits  of  h  to  such  an  o 
that  it  is  almost  impossible  to  determine  what  split  is  desig- 
nated by  a  grade  name.     There  is  also  a  total  lack  of  uni- 
formity   in    the   leather    specifications    used    by   the   v;u 
companies.      Appreciating   that   the   formulation    of   definite 
specifications  would  be  of  extreme  value  to  the  body  indu 
the    Passenger-Car    Body    Division    appointed   a    Subdivision 
some  time  ago  to  recommend  definite  specifications  for  up- 
holstery leather.     K.  L.   Herrmann,  of  the  Studebaker  Cor- 
poration, was  appointed  chairman,  the  other  members  b 

Watts,  Hupp  Motor  Car  Corporation;  W.  H.  Graves, 
Packard   Motor  Car  Co.;  W.  N.  Davis,  Cadillac  Motor  Car 
and  It.  K.   Mitchell,  Maxwell  Motor  Co.,  Inc. 

Subsequent   to  the  appointment  of  this  Subdivision.   I 
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Bowker,  of  the  Bureau  of  Standards,  was  appointed  to  the 
Subdivision  in  view  of  the  Bureau's  work  in  developing 
specifications  for  upholstery  leather  for  Government  use. 

Information  was  obtained  from  the  various  leather  users 
as  to  the  specifications  they  were  purchasing  to,  but  it  was 
found  that  considerable  study  would  have  to  be  given  to  the 
subject.  It  was,  for  instance,  found  that  many  companies 
would  not  accept  hides  patched  with  leather  of  the  same 
grade  or  thickness  and  skived  so  as  to  be  unnoticeable  from 
the  finished  side.  Study  of  this  problem  indicated  that  the 
use  of  certain  glues  would  make  this  practice  satisfactory 
to  leather  users.  As  the  result  of  close  cooperation  between 
the  Subdivision  and  the  Bureau  of  Standards,  information 
has  been  obtained  by  the  Bureau  which  is  of  considerable 
interest  in  the  connection.  This  information  has  been  issued 
as  Letter  Circular  LC  97  of  the  Bureau  of  Standards  and  is 
given  hereinafter  in  full  with  the  exception  of  illustrations 
showing  the  detailed  results  for  full-grain  and  machine- 
buffed  splits. 

Notes  on  Upholstery  Leather 

In  connection  with  the  development  of  specifications  for 
the  different  grades  of  upholstery  leather  for  Government 
use  and  as  a  result  of  a  request  for  cooperation  on  the  same 
subject  from  the  Passenger-Car  Body  Division  of  the  So- 
ciety of  Automotive  Engineers,  certain  investigations  have 
been  made  relative  to  standards  which  will  serve  as  a  meas- 
ure of  the  quality  of  these  leathers.     The  procedure  followed 


K 

Fig.  6 — Ttpe  of  Tenslle  Test-Specimen  Used 


and  the  results  obtained  in  this  investigation  are  presented 
as  a  basis  for  the  selection  of  satisfactory  specification  re- 
quirements, and  also  to  stimulate  further  interest  and  work 
on  a  subject  regarding  which  few  data  are  available. 

Definitions  of  Grades. — Since  some  confusion  has  existed 
regarding  the  meaning  of  the  commercial  classifications  of 
grades,  the  following  is  suggested  as  a  possible  standard 
which  covers  the  three  grades  mostly  used  by  automobile 
manufacturers : 


Grade 


Definition 


Full-Grain  (Snuffed)  The  first  split  from  a  hide  containing 
the  full  grain  of  the  leather,  the 
surface  of  which  is  shaved  either  by 
hand  or  machine,  removing  shav- 
ings of  no  appreciable  size  or 
thickness. 
Machine-Buffed  The   first   split   from   a   hide   after   a 

thin   layer  of  the  grain   thickness 
(called     a     buffing     and     approxi- 
mately 1/64  in.  thick)   has  been  re- 
moved. 
No.  1  Split  The    second    split    or    thickness    of    a 

hide    secured    after    either    a    full- 
grain    or    machine-buffed    split   has 
been   removed.     (The   No.    1    Splits 
under  both  a  full-grain  or  a  hand- 
buffed     split     appear     to    be    near 
enough  equal  in  quality  to  have  the 
same  classification  although   in  the 
latter   the    cut    is    begun    approxi- 
mately 1/64  in.  deeper.) 
Selections. — One  of  the  chief  causes  of  trouble  in  the  use 
of   leather    for    upholstering    is    the    number    of    defects    in 
the  hides.    There  has  been  little  attempt  to  make  a  standard 
selection  to  which   all  tanners  will   adhere.     Most   of  these 
defects  are  caused  by  circumstances  entirely  outside  of  the 
tanner's  control  and  it  would  naturally  be  more  to  his  in- 


terest to  sell  his  leather  on  the  basis  of  "tannery  run."  In 
the  case  of  the  consumer,  where  production  is  important  and 
hides  are  cut  on  a  piece-work  basis,  it  appears  essential  that 
the  selection  of  leather  being  used  at  any  one  time  be  as 
uniform  as  possible.  The  following  specifications  as  to 
selections  have  been  suggested: 

A — Selection  shall  consist  of  leather  free  from  brands, 
patches,  knife-cuts,  knife-scores  and  open  grub- 
holes,   excepting  that   10   per  cen4-   of   the   hides 
may  contain  not  over  4  open  grub-holes 
B — Selection  shall  consist  of  leather  free  from  brands, 
knife-cuts  and  knife-scores.     Hides  may  contain 
not  over  4  patches  1%  in.  in  the  longest  dimen- 
sion and  not  over  9  open  grub-holes 
No  attempt  has  been  made  to  cover  the  various  other  se- 
lections   which    may    contain   various    types   of   brands    and 
other  imperfections.     It  is  believed  that  a  large  portion  of 
the  leather  required  ean  be  furnished  under  the  above  and 
that,  where  a  consumer  finds  he  can  use  lots  with  certain 
types  of  brands  or  more  of  the  defects  than  allowed  in  the 
above,  negotiations  can  be  made  with  the  contractor  regard- 
ing a  definition  of  the  selection  he  will  purchase. 

Shapes  and  Sizes  of  Hides. — An  important  factor  is  the 
shape  of  the  hides  since  they  will  generally  cut  to  better  ad- 
vantage the  nearer  they  are  to  being  square  in  shape.  The 
shape  is  governed  chiefly  by  the  type  of  animal  from  which 
the  hide  comes  and  to  a  less  degree  on  the  manner  of  skin- 
ning. Where  hides  of  nearly  uniform  width  are  required 
the  width  across  the  brisket  must  be  specified.  With  refer- 
ence to  area  the  idea  at  one  time  seemed  to  be  to  get  as 
spready  hides  as  possible.  However,  the  Leather  Subdivision 
of  the  Passenger-Car  Body  Division  of  the  Society  of  Auto- 
motive Engineers  has  already  demonstrated  that  smaller 
hides  can  often  be  cut  to  advantage  and  in  fact  to  such  an 
extent  that  the  tanners  will  have  no  cause  for  the  complaint 
that  hides  of  large  area  are  always  demanded.  Specifica- 
tions for  maximum,  minimum  and  average  area  in  square 
feet  must  be  specified  by  the  purchaser  according  to  the  use 
of  the  material. 

Thickness. — The    common    practice    among   tanners    is    to 
gage  the   thickness  by  ounces.     Since   it   is   stated   that   an 
ounce  is  equal  to  1/64  in.,  the  following  is  suggested  as  a 
thickness  specification  that  can  be  readily  understood  by  all: 
The  leather   shall  be   3/64   in.   in  thickness   plus   or 
minus  one  half  of  1/64.     The  thickness  shall  be  meas- 
ured with  a  Woburn  gage  or  equivalent 
Cracking  of  Coating. — The  cracking  of  the  coating  is  an 
important  factor  in  the  use  of  upholstery  leather  and  it  is 
suggested  that  the  coating  should  show  no  evidence  of  crack- 
ing when  the  leather  is  doubled  on   itself  by  hand,  coating 
side  out,  at  32  deg.  fahr. 

Fiber  Appearance. — With  reference  to  fiber  appearance,  a 
vertical  section,  of  full-grain  leather  shall  show  approxi- 
mately 50  per  cent  of  the  thickness  to  be  made  up  of  the  fine 
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Fig.  7 — Type-  of  Tear  Test-Specimen  Used 

fibers  and  a  vertical  section  of  machine-buffed  leather  shall 
show  approximately  25  per  cent  of  the  grain  fibers. 

Physical  Test  Data. — In  order  to  determine  the  magni- 
tude of  the  physical  properties  of  upholstery  leather  10 
hides  were  submitted  by  automobile  manufacturers  for  test. 
The  hides  submitted  are  listed  below  according  to  grade  and 
code  number. 

Grade  Code  Number 

Full-Grain  A,  B,  C,  H  and  I 

Machine-Buffed  D,  F  and  J 

No.  1  Split  E  and  G 

One-half  of  each  hide  was  divided  into  blocks  approxi- 
mately 6  by  12  in.     From  each  block  three  samples  were  cut 
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for  this  sample. 

6  in.  ami  was  placed  length- 
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tYIXAGE     PHYSICAL    PROPERTIES    DETERMINED    FROM    TEST- 
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:n   the   testing  machine,   the   clamps   being  3    in.   apart. 

The  upper  jaw  of  each  clamp  was   1    in.   in   width  and   the 

jaw  3  in.     The  test-specimens  for  tensile  strength  and 

are  shown  in  the  accompanying  illustrations. 

Beginning  with  block  No.   1   at   the  tail,  the  test-specimens 

cut  in  a  lengthwi  in.     Samples  from  alti 

it  in  the  same  direction,  while  those  from  the 
remaining  blocks  were  cut   in   the   en  The 

data  obtained  gjve  results  of  the  variation  in  physical   prop 
for  different  locations  on  the  hide  in  both  the  length- 
ad  for  ti. 
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considered  that  the  grab  test  is  most  satisfactory  with  the 
following  limitations  on  the  results  for  the  different  grades 
regardless  of  the  location  on  the  hide. 

(,''  n  lie 

Full-Grain 

Machine-Buffed 
No.  1  Split 

These  requirement-  are  conservative,  but  sufficient  to  show- 
that  a  sample  of  leather  has  the  strength  necessary  for  the 
service  intended  and  also  to  eliminate  tender  hides. 


Minimum  Pounds  Ini  Grah  Test 
100 
150 

200 


SMALL  CLEARANCE  UNNECESSARY 


Larger    Bolt-Holee    Will    Facilitate    Assembling   Trans- 
mission and   Engines 

As  a  result  of  t  he  following  comments  received  by  tin- 
Society  from  an  engine  manufacturer,  the  standardization 
of  the  size  of  the  transmission  mounting  bolt-holes  for  thi- 
rty wheel-housing  type  of  const  ruction  was  referred  to  tin- 
Transmission  Division  : 

We  have  occasionally  received  complaints  that  it  is 
a  difficult  matter  to  line-up  the  transmission  mount- 
ing holes  with  the  tapped  holes  of  the  flywheel  housing 
-ii  that  the  capscrews  can  bl  inserted  properly.  Inas- 
much as  the  holes  in  the  flywheel-housing  flange  are 
tapped  and  will  vary  slightly,  the  holes  in  the  trans- 
mission flange  are  in  most  cases  only  1/64  in.  larger 
than  the  capscrews  used 

However,  these  capscrews   have  no  aligning  purpose, 
i    transmission    flange  has  a   pilot  which  fits  in  thi- 
rty wheel   housing.      We   can    therefore   see   no   adequate 
reason  why  these  holes  should  not  be  made  larger.    The 
present   pi  of   some   transmission    manufacturer 

is    to    use    a     1    64-in.    clearance,    others    use    a    1/32-in. 

clearance   and     ome,    the    writer   understands,   use   s 
i  h-arance  as  large  as  1    16  in. 

We  can  see  no  objection  to  a  l  16  in.  i  learance,  as  it 
will    facilitate   attaching   the   transmission   to  the  en- 

and    WOUld    not    affect    the    holding   quality    of   the 

In  oi 'I'  nission   Division  may  take  propel 

to   this   suggestion,    information    has 
obtained  by  thi  to  what  clearances  are  used  at   the 

ent  time.     It  it  expected  that  a  report   will  be  submitted 
at   the  Annual   Standards  Committee   Meeting  covering 
mbji 
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PRODUCTION'  MEETING  OCTOBER  FEATURE 


Two-Day    National    Meeting   in   Cleveland   Expected    to 
Attract   Large  Attendance 

Four  meetings  crammed  with  valuable  production  informa- 
tion, intensely  interesting  factory  visits  and  an  informal 
Production  Dinner  constitute  the  features  of  the  Second 
National  Production  Meeting  of  the  Society  which  will  be  held 
in  the  Winton  Hotel,  Cleveland,  Oct.  25-26.  Over  600  pro- 
duction men  received  the  1922  Production  Meeting  in  Detroit 
enthusiastically  because  it  gave  them  new  ideas  to  carry 
home.  The  program  of  the  Cleveland  Meeting  has  been 
planned  along  exactly  these  lines;  practical  usable  informa- 
tion will  be  found  in  all  of  the  papers.  There  are  ten  papers 
assured  for  the  meeting  and  these  are  described  briefly  in 
the  lists  of  speakers  in  another  column.  A  brief  study  of 
this  program  should  convince  production  executives  that  it 
will  be  profitable  for  them  to  drop  all  factory  ties  and  become 
a  part  of  the  Production   Meeting. 

From  the  opening  of  the  first  session  on  Thursday  morning 
to  the  final  word  at  the  Production  Dinner  on  Friday 
evening,  all  thought  will  be  concentrated  on  matters  of  in- 
terest to  the  factory  executive.  Topics  listed  on  the  program 
are  sufficiently  diversified  to  hold  interest  for  nearly  all 
classes  of  shop  executives.  Time  will  be  provided  for  ques- 
tions and  answers  following  each  paper.  Some  time  will 
also  be  available  for  general  discussion  of  the  more  im- 
portant topics. 

A  special  effort  will  be  made  to  start  all  of  the  meetings 
promptly.  They  will  be  held  in  the  Rainbow  Room  of  the 
Winton  Hotel,  which  is  especially  suited  to  the  staging  of 
meetings  of  this  type.  The  banquet  on  Friday  evening  will 
be  held  in  the  ballroom  of  the  Winton  Hotel.  Everyone 
interested  in  the  advancement  of  automotive  production 
methods  is  welcome  at  the  meetings;  it  is  not  necessary  to 
be  an  S.  A.  E.  member  to  secure  the  privilege  of  attendance 
at  t'aese  particular  sessions. 


Although  all  details  of  the  program  arrangement  have 
not  been  set  definitely  at  this  time,  the  following  outline 
will  be  adhered  to: 

Thursday.  Oct.  25 
9:30  A.  M. — Machine  Tool  Session 
1 :00  P.  M.— Lunch 

2:15  P.  M. — Factory  Managers'  Session 
8:00  P.  M. — Scientific  Management  Session 

Friday,  Oct.  26 
9:30  A.M. — Inspection  Session 
1:00  P.  M.— Lunch 
2:00  P.M. — Factory  Visits 
6:30  P.  M.— The  Production  Dinner 

Hotel  Reservations 

Cleveland  hotel  facilities  will  be  taxed  during  the  period 
<>f  the  Production  Meeting  due  to  the  presence  of  other  large 
conventions  besides  the  S.  A.  E.  Meeting.  It  is  extremely 
important  that  you  write  to  the  Hotel  Winton  and  make 
reservations  in  advance  if  you  wish  to  be  assured  of  com- 
fortable quarters.     Rates  are  as  follows: 

Room    with    private   bath,    single,    §3.00,    $3.50,    $4.C0, 

$4.50,  $5.00 
Room    with    private    bath,    double,    $5.00,    $5.50,    $6.00, 

$7.00,  $8.00 
Room  with  private  bath,  twin  beds,  $6.00,  $7.00.  $8.00, 
$10.00 

The   Production   Dinner 

Nothing  promotes  interchange  of  experience  and  the  de- 
velopment of  new  ideas  more  than  social  contact  between 
individuals  engaged  in  the  same  field  of  endeavor.  Broad- 
ening of  acquaintanceship  between  men  in  the  production 
end  of  the  automobile  business  can  best  be  accomplished  by 
functions  such  as  the  Production  Dinner.  That  is  the  entire 
purpose  of  the  Production  Dinner  during  the  Cleveland 
Meeting.  It  will  be  informal  in  every  respect.  There  will 
be  entertainment  and  music  while  the  food  is  being  served. 


THE  PRODUCTION  DINNER 

APPLICATION    FOR    TICKETS 

1.  All  Seats  are  reserved.  Preference  as  to  location  will  be  accorded  applications 
in  the  order  of  their  receipt. 

2.  Tables  seat  eight.  If  you  wish  to  make  up  your  own  party,  send  in  one  appli- 
cation for  the  entire  group  of  tickets.  All  tickets  requested  on  a  given  application 
will  be  for  the  same  table. 

3.  The  dinner  is  to  be  informal  and  the  wearing  of  evening  clothes  discouraged. 

4.  No  tickets  can  be  cancelled  or  refund  granted  after  Tuesday,  Oct.  23. 

5.  Orders  for  tickets  mailed  after  Monday,  Oct.  22,  should  be  addressed  to  the 
Society  of  Automotive  Engineers,  Winton  Hotel,  Cleveland,  O.  Tickets  will  be  on 
sale  at  the  hotel  until  6  P.  M.  Oct.  26. 

(See   Over) 
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The    human    element    in    produi 
philosophv    on    the    handling    of    men.      1>. 

■  leer's  mt.  real  In  ins  daily  task. 
Stimulating   the  antra- 

Uon  to  overcome  "human  element  en 

PI  R(  ^  S.  BROWN 
CoaoM  v    rvPEwum  a   <  o. 

Comprehensive    i 

control     aa  I     In     the    Corona 

plant.  Explains  organization  system,  theory  of 
their  production  problem  and  shows  how  this  is 
met.  Description  of  ledgers,  forms,  schedule 
boards,  and  suing  graphic  control  boards. 
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Description  of  a  process  of  grinding 

involute   form   to  contours  of  high   accur- 
Methode  of  Inspecting  h  for  proper 

form,  tooth  thickness  and  spacing. 
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Factors  governing  the  measurement  of  "out-of- 
roundness."       Various      adverse     condition 
found  In  measuring  s'.ze  variations  ol 
objects  with  modern  Inspection  apparatus.     Points 
determined  by   a  close  study  of 
-  operation  will  be  presented. 


Dinner  talks  will  be  short  and  to  the  point;   at  the  same 
.1    be   hiphly    inspirational.     The   dinner   pro- 
gram will  be  arra'  -  at  plenty  of  time  will  be  avail- 
able for   I                 hats   after   the  final  drop   of  the  toast- 
r's  (ravel. 

-  at  the  dinner  will  be  reserved.    Tickets  will  sell 

and  preference  as  to  location  will  be  accorded 

the  order  of  their  receipt.     Members  who  are 

.ng  tables  or  individual  seats  should   for- 


ward the  blank  at  the  bottom  of  this  page  with  their  check 
to  the   New   York  office  at  01 

Fin  u.  Announcement 

Final  announcement  of  all  tails  of  the  Produi 

Meeting  will  be  included  in  an  issue  of  the  Meetings  Bu; 
which  will  reach  the  entire  membership  about  Oct.  15. 
Bulletin  will  be  sent  to  many  production  executives  who  are 
not  Society  members.  Mail  us  the  names  of  men  in  your  shop. 


THE  PRODUCTION  DINNER 


:'  Aut  .1.  Engineers,  Inc 

York  City. 


APPLICATION    FOB    TICKETS 

Order  of  Receipt . 


ntlemen: — TT  ,  .    „. 

se  mail  me  ...  .  tickets  for  the  S.  A.  E.  Production  Dinner  al  ili.-\V  in  ton  Hotel  Cleve- 
Oct  26.     I  am  enclosing  remittance  of  * tickets  at  $3.50 

I  in  i'd  that  all  dinnei  ierved  and  that  preference  as  to  location  will  be 

the  order  of  their  receipt. 

dinner  I  tre  not  subject  to  cancellation  or  refund  after  Tuea- 

nied    

Mail  tickets  t  58  given  herewith.  vidress 

.  I  [old  •  for  me  at  the  door.  

(over) 
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VINCENT  DISCUSSES  EIGHT-IN-LINE 


J.   G.   Vincent 


Four-Wheel  Brakes  Also  Treated  in  Talk  Before  Cleve- 
land  Section 

Eight-in-line  engines, 
four-wheel  brakes  and  easy 
steering  were  the  subjects 
of  a  comprehensive  en- 
gineering and  mathematical 
analysis  presented  by  Past- 
President  J.  G.  Vincent  and 
W.  R.  Griswold  before  the 
Cleveland  Section  Sept.  17. 
Attendance  records  for 
Cleveland  Section  meetings 
were  broken  on  this  occa- 
sion, there  being  over  300 
present  during  the  technical 
session  and  over  150  seated 
for  dinner.  The  Vincent- 
Griswold  paper,  which  pre- 
sents the  engineering  rea- 
soning underlying  the  de- 
velopment of  the  Packard 
single-eight  car,  will  be 
found  on  p.  257  of  this  issue  of  The  Journal.  The  mathe- 
matical appendices  to  the  paper  will  appear  in  the  November 
issue.  Important  points  raised  in  the  discussion  are  recorded 
in  the  following  paragraphs. 

Numerous  written  questions  were  presented  to  Mr.  Vincent 
on  cards  that  had  been  passed  through  the  audience.  An- 
swers to  these  questions  occupied  a  greater  part  of  the  dis- 
cussion period.  It  developed  that  a  majority  of  the  ques- 
tions related  to  four-wheel  brakes,  the  members  apparently 
displaying  a  greater  interest  in  this  feature  than  in  the 
eight-in-line  engine.  Asked  whether  he  had  considered  using 
only  the  front  brakes  for  service  purposes,  Mr.  Vincent  re- 
plied that  all  the  braking  effort  that  could  reasonably  be 
gotten  was  wanted  in  the  service  brakes  since  these  are  the 
real  emergency  brakes,  the  so-called  emergency  brake  being 
nothing  but  a  standing  brake.  In  a  car  that  has  the  ability 
to  accelerate  quite  rapidly  and  weighs  considerable,  maximum 
brake  effectiveness  should  be  provided  and  obviously  it  can- 
not be  gotten  on  two  wheels.  Also,  by  distributing  the 
braking  effort  over  four  wheels  wear  is  greatly  reduced  and 
frequency  of  adjustment  is  decreased.  In  the  Packard  layout 
the  rear-wheel  brakes  are  also  used  for  the  standing  brake, 
but  they  are  operated  through  an  independent  mechanism. 

Brake  Pressure  Divided  Unequally 

Pressure  is  not  applied  equally  to  the  Packard  front  and 
rear  brakes,  but  is  divided  in  the  ratio  of  45  per  cent  on  the 
front  brakes  and  55  per  cent  on  the  rear.  However,  both 
brakes  are  applied  simultaneously.  A  maximum  rate  of 
deceleration  of  20  ft.  per  sec.  can  be  attained  and  this 
effects  a  stop  in  200  ft.  from  60  m.p.h.  Mr.  Vincent  re- 
marked that  four-wheel  brakes  take  hold  more  smoothly 
than  the  conventional  rear-wheel  system  and  rear-axle  chat- 
ter is  avoided.  He  did  not  favor  propeller-shaft  brakes  for 
general  service  work.  He  said  that  very  satisfactory  four- 
wheel  brakes  can  be  built  for  the  same  money  as  a  practical 
propeller-shaft  brake  with  sufficient  strength  provided  in 
the  rear  axle  to  carry  the  braking  loads. 

Mr.  Vincent  favored  internal  expanding  brakes  over  those 
of  the  external  contracting  type  for  several  reasons.  In 
the  first  place,  they  are  housed-in  and  protected  from  dirt, 
and  this  prevents  excessive  wear.  He  believed  that  external 
contracting  brakes  are  likely  to  freeze-up  under  certain 
conditions.  External  brakes  are  more  difficult  to  adjust, 
in  his  opinion,  since  there  are  more  parts  to  keep  in  adjust- 
ment, such  as  the  sliding  block,  the  throw,  and  the  top  and 
bottom  clearance.  He  did  not  believe  that  it  was  impossible 
to  design  internal  brakes  so  that  suitable  leverages  could  be 
obtained  to  guarantee  efficient  brake  operation. 


Free-Wheel  Theory  Disputed 

Some  front-wheel  braking  systems  are  designed  so  that 
the  outside  front  wheel  brake  releases  automatically  on  a 
turn,  allowing  this  one  wheel  to  run  freely.  Mr.  Vincent 
stated  that  he  could  see  no  particular  advantage  in  this 
arrangement.  Geometrical  relation  of  front-wheel  brake 
parts  should  be  such  that  spring  deflection  under  the  braking 
loads  will  tend  to  reduce  the  braking  pressure  rather  than 
increase  it.  This  will  avoid  a  violent  front-axle  chatter  that 
might   otherwise   be   set-up. 

The  steering-knuckle  axis  of  the  Packard  axle  is  set  at 
an  angle  of  10  deg.  from  the  vertical;  theoretically,  it  inter- 
sects the  point  where  the  tire  contacts  with  the  ground. 
With  the  recommended  brake  adjustment,  it  is  very  difficult 
to  lock  any  of  the  wheels  when  driving  upon  dry  pavement. 
It  is  possible,  of  course,  and  in  this  case  the  rear  wheels 
will  probably  lock  first.  Mr.  Vincent  recommended  that 
four-wheel  brakes  not  be  made  so  sensitive  that  they  can 
be   locked   easily. 

The  involute  form  of  tooth  is  used  in  the  Packard  trans- 
mission gears,  the  pressure  angle  being  in  the  neighborhood 
of  18  deg.  The  gears  are  made  of  chrome-nickel  steel  and 
are   oil-treated. 

Single-Eight  Engine   Compression 

The  compression-pressure  in  the  single-eight  engine  is 
approximately  75  to  80  lb.  per  sq.  in.,  this  being  taken  with 
the  engine  warm,  the  engine  turning  over  at  120  r.p.m.  ind 
the  throttle  wide-open.  The  maximum  engine-torque  is 
2730  lb-in.  The  complete  car  in  proper  adjustment  will  aver- 
age between  12  and  14  miles  per  gal.  of  gasoline. 

Eight-in-line  engines  are  primarily  a  passenger-car  de- 
velopment. Mr.  Vincent  did  not  believe  that  they  would  be 
adopted  for  airplane  service.  He  did  predict  the  passing 
of  the  eight-cylinder  V-engine  in  airplane  practice,  the  light 
high-powered  12-cylinder  engine  superseding  it  entirely  in 
military  work.  It  was  his  opinion  that  the  12-cylinder  air- 
craft engine  could  be  built  with  less  weight  per  horsepower 
than  any  other  type. 

Amateur  Cabaret  Pleases 

Cleveland's  energetic  and  versatile  Secretary,  Leo  Williams, 
spiced-up  the  dinner-hour  with  musical  features.  He  intro- 
duced the  Cleveland  Four-in-Line,  an  organization  of  male 
choristers  whose  close  harmony  drew  deserved  applause.  A 
young  gentleman  by  the  name  of  Ball  contributed  several 
tuneful  accordion  selections  which  pleased  the  assembly. 
Williams  stepped  from  his  secretarial  role  for  a  brief  period 
and  teamed  with  a  young  lady  in  a  novel  rendition  of  "That 
Red-Headed  Gal."  This  naturally  brought  down  the  house. 
Coker  F.  Clarkson  spoke  briefly  and  presented  a  Scotch  story 
gathered  up  during  his  recent  European  travels.  Chairman 
John  Younger  presided  at  both  the  dinner  and  the  meeting. 
Several  members  of  the  Council  were  seated  at  the  guest 
table  and  enjoyed  the  meeting  thoroughly. 


WASHLNGTON  CANCELS  OCTOBER  MEETING 

The  Governing  Committee  of  the  Washington  Section  has 
sent  the  following  announcement  to  all  members  of  the 
Society  in  its  territory,  the  Council  and  others  interested : 

The  meeting  of  the  Washington  Section  of  the  Society 
of  Automotive  Engineers,  scheduled  for  Oct.  5,  has 
been  cancelled  as  a  mark  of  respect  for  the  members 
of  the  Bureau  of  Standards  who,  as  a  result  of  the 
recent  deplorable  explosion,  gave  their  lives  in  the 
pursuit  of   scientific   advancement. 

Stephen  M.  Lee  Urban  J.  Cook 

James  E.  Kendig  Logan  L.  Lauer 

To  the  families  of  these  men,  the  Section  extends  the 
deepest  sympathies  of  its  members.  For  those  who 
were  injured,  it  hopes  for  speedy  recovery. 

Washington,  D.  C.         The  Governing  Committee. 
Sept.  24,  1923. 
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m  meeting  on  Oct  11,  J.   E.  Hale,  of 
.   for  low-pree- 

■.itHlly    known    as   "balloon" 
t  efforts  to  make  the  more 

Irni  iu  S                                    their  quests  who  did  not 

hear  Mr  irill  have  the  opportunity  to 

hear  not  only  what  he  said  then,  but  ..  tonal  material 

whio:  •    the  summer  meeting.    The 

film  -      tag   Lake   will   he   a   part   of  the   program 

beginning  at    -                .    after   an    informal    dinner    at 

at  tl  Indianapolis. 


Ill  \l>  I  IU1II\<;  W1IIHU  T  GLARE 


It     Y   Falge  Discusses   Possibilities  of   It-    ^ccomplish- 
im-nt  Before  the  Metropolitan  Section 

Activities  in  the  U 
politan  Section  were  re- 
newed on  Thursday.  Sept. 
20,  with  the  first  regular 
monthly  meeting  of  the 
fall  season  at  the  Auto- 
mobile Club  of  America, 
New  York  City.  Import- 
ance of  Better  Automobile 
Head-Lamps  and  Proper 
Adjustment  was  the  t<>p i>- 
for  discussion.  R.  N. 
Falge  and  W.  C.  Brown, 
who  read  a  paper'  on  this 
subject  during  the  Semi- 
Annual  Meeting  of  the 
Society  at  Spring  Lake, 
elaborated  their  previous 
offering  and  illusti 
their  remarks  with  the  aid 


B.    N     FalKe 


of  a  stereopticon.     The  effects  produced  by  plating  the  bulb 
•  int  of  the  lamp,  by  moving  it  forward,  i 

;nt  along  the  reflector  axis, 

ind   horizontal    prisms   placed    in 

re  given  emonstration;   and  following 

taken   from  t  I  nown 

e  the  lamp   and   their 
iriation    from    the    standard-    determined 
Tieient   illumination  was  noted.     An  activi 

■i    in   by   Dr.   A.    W. 
Ruminating  Engineer  of  the 
W.  I  ,,f  New 

York  City,  H  American 

I   '  ''ity 

i.unicatior  id   from   P.   H. 

A.  Shaler  Co.    The  d;  will  be  printed 

f  THK    I'M  BNAL. 

Mr  construction  and  • 
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ntion,  are  still  susceptible  of   further   im- 
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or  diverging  the  rays  laterally  while  maintaining  the  top  or 

CUt-off   substantially   at    the    level   of    the    headlamp.      As   t he 
maximum    intensity    should   be    placid    as    near    to   the    top   .is 
Me  in  order  to  produce  the  best   illumination  of  the  road 

bed.  and  as  the  eye  accommodates  itself  slowly  io  changes 
of  intensity,  the  lens  take>  advantage  of  these  characteristics 
by  spreading  the  light  in  each  sone   bj    different   amounts. 

Spot- Ln;  i  its 

.Mr.  Palga  added  that  in  driving  to  tin'  Summer  Meeting 
Spring  Lake  his  car  was  equipped  with  two  spot  lights 

in    addition    to    head-lamps    and     that     the    spot-lights    were 

turned   oiT   when    other    cars    approached.      Dr.    Devine 

marked  that  spot-lights  could  not  be  used  in  Massachusetts. 

Needed  Improvements 

Mr.  Devine  further  stated  that  greater  accuracy  in  the  pro- 

Dn  of  reflectors  is  very  much  needed.  He  felt  that  with 
that  accomplished  and  the  elimination  of  necessity  for  adjust- 
ment of  the  bulb  in  the  lamp,  all  that  would  be  necessary  in 
the  proper  installation  of  head-lamps  would  be  to  tilt  them  a 
proper  amount.  He  pointed  out  that  it  is  essential  that  in 
aiming  the  head-lamps  the  rear  passenger  load  or  its  equiva- 
lent be  in  place.  He  referred  to  the  fact  that  11  Eastern 
States  have  been  proceeding  in  conference  with  the  purpose 
of  so  harmonizing  conflicting  laws  of  bordering  States  that 
they  will  not  cause  inconvenience  to  motorists. 

Conditions  in  Massachusetts 

Stating  that  the  head-lamp  adjustment  is  the  most  diffi- 
cult thing  to  attain,  the  relatively  severe  enforcement  of 
head-lamp  laws  in  Massachusetts  was  taken  up.  There  are 
12  inspectors  in  the  field  there  now  and  12,0(10  complaints 
are  in  hand.  Last  year  the  number  of  fatal  accidents  dur- 
ing the  night  time  was  reduced  50  per  cent  by  lejral  enforce 
ment  and  regulation,  but  the  headway  made  was  not  perma- 
nent because  during  two  months  this  summer  fatalities  in- 
creased 50  per  cent  as  compared  with  last  year.  This  has 
resulted  in  the  institution  of  another  campaign  of  regula- 
tion and  examinations  of  head-lamps  are  being  made  at  the 
rate  of  20,000  per  month. 

One   further    point    that   Dr.    Devine    made   was   that    the 

tors    must   be   maintained   in    good   condition    to    secure 

good  illumination,  the  reflectors  becoming  discolored  if  damp 

.i   short  time.     In   Massachusetts  the  motorists  are  given 

lies    showing    a    cross-section    of    properly    and    of    im- 

prop'  'id   head-lamp   illumination.     They  are  told  to 

ir  cars  25  ft.  from  a  board  and  secure  the  desired 

and    then    tilt   the    lamps    down    the    required    amount. 

Eight   hundred   different    stations  in   Massachusetts   have   I n 

authorized    by    the    State    to    adjust    head-lamps. 

The  Motorist's  Position 

Mr.    Maples   asserted   that   lamps   with   different  kind-   of 

adjustment    would    not    stay    in    adjustment    because   of    the 

quality   of   either   the    lamps    or   the      ockfli    :    that   not 

the  motorists  but  the  manufacturers  are  to  blame;  that  the 

principal   problem  ne     tandards  for  the  lamps 

1   for  the  sockets. 

Work  of  Buri  m  of  Standards 

Mr.  Carlson  hal   tin-  Bureau  of  Stand  i   I  the 

Illuminai  <l  cooperated   in   the  pre- 

paration of  specifications  and  that  'ii  din  i  I  lighting 

toi      .    1  'ill     I  Icil     I  ho    o    lire 

of   no   value   except,    wii  ted.      After   testing 

■  lily  ■"'-   per  .  d  to  conform   to 

ment        Lett<  rs  from  ■  ifacl  urer  i    si 

y  of  opinion  a    io  1  be  done,     ■ 

lamp  I  brown  out  of  adjt  I  i  fore  the  can 

are  delivered  to  cu 

Mr.    'ail  on    urged    that    the    i  I     of    securing    pn 

adjustment   have   the   I  ooperation   of   all    concerned. 

On  behalf  of  the   Bureau  of  Standards,  bo  i     now  woi 
through   local   tradi  and   dealers.     S 

u»e  in   securing  proper  adjustment,   like  those   install)  ■!   by 
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the  Bureau  in  the  District  of  Columbia,  are  furnished.  He 
felt  that  the  Society  should  take  a  very  active  part  in  this 
matter,  through  its  Sections  particularly,  and  that  proper 
adjustment  should  be  available  to  all  at  proper  stations  for 
a  nominal  fee.  He  advocated  a  system  by  which  some  mem- 
ber of  the  Society  should  be  personally  responsible  for  im- 
provement of  conditions  in  each  part  of  the  Country.  The 
American  Automobile  Association  and  the  National  Mo- 
torists' Association  have  printed  and  distributed  proper  in- 
structions. Safety  Councils  and  those  charged  with  the 
enforcement  of  the  law  should  naturally  take  part  in  the 
proceedings. 

Mr.  Ford  suggested  that  it  would  assist  the  user  if 
illumination  were  expressed  in  such  terms  as  "bright  moon- 
light," instead  of  candlepower,  focal  distance,  and  the  like. 
He  said  that  most  instructions  for  adjusting  head-lamps 
are  not  intelligible  to  the  motorist  and  that  the  latter  does 
not  comprehend  what  he  is  trying  to  get,  and  consequently 
cannot  get  it. 

Replying  to  questions,  Mr.  Falge  said  that  the  Society 
is  now  endeavoring  to  bring  about  practice  in  the  construc- 
tion of  head-lamps  that  will  prevent  the  lenses  from  turning 
from  their  proper  position  for  satisfactory  illumination ; 
that  "fixed"  adjustments  of  bulbs  could  not  be  depended  on 
entirely  because  a  very  slight  change  in  adjustment  pro- 
duces a  large  variation  in  the  distribution  of  light;  that 
it  would  be  possible  to  compel  motorists  to  keep  the  head- 
lamps in  adjustment  if  they  knew  they  would  be  penal- 
ized for  not  doing  so;  that  in  Massachusetts  the  proportion 
of  complaints  was  3  for  insufficient  light  to  1  on  account 
of  the  lens.  Adjusters  are  employed  in  Massachusetts  who 
notify  drivers  to  adjust  certain  parts  and  give  them  cards 
that  must  be  o.k'd.  Reports  show  that  36  per  cent  of  the 
head-lamps  inspected  had  twisted  lenses,  73  per  cent  were 
out  of  focus,  and  70  per  cent  had  tilted  reflectors. 

Chairman  Myers,  in  summing  up  the  discussion,  concluded 
that  the  two  important  points  to  be  considered  are  (a)  giving 
the  users  in  general  some  simple  method  of  cheeking-up  in 
order  to  get  proper  adjustment,  and  (6)  securing  greater 
refinement  in  the  manufacture  and  assembly  of  head-lamp 
equipment  to  preserve  alignment  and  focus. 

Procedure  for  Head-Lamp  Adjustment 

Supplementing  his  original  paper.  Mr.  Falge  submitted 
the  following  suggestions  for  adjusting  head-lamps: 

(1)  Use  Only  21-cp.  Gas-Filled  Head-Lamp  Bv.lbs. — 
Lamp-bulbs  should  be  uniform  and  efficient  in 
performance  throughout  their  life.  They  should 
have  highly  concentrated  filaments  to  give  the 
minimum  beam  divergence.  The  filaments 
should  be  placed  accurately  with  respect  to  the 
locking-pins  and  to  the  axis  of  the  base  in 
order  to  minimize  beam  distortion.  They  should 
not  sag  in  service 
If  new  lamps  do  not  give  a  fairly  white  light  with 
the  engine  running  at  a  speed  corresponding  to 
18  or  20   m.p.h.,   have  the  battery  inspected  at 


a  service-station  before  proceeding  with  the  ad- 
justment. If  lamps  have  been  burning-out  at 
short  intervals,  have  the  connections  from  the 
generator  to  the  battery  inspected,  and  replace 
any  socket,  fuse  or  connection  that  is  found 
to  be  defective 

(2)  Polish    Reflectors    with    a    Soft    Cloth    Dipped   in 

Powdered  Lamp-Black. — Fogged,  rusted  or  de- 
fective reflectors  should  be  replaced  with  new- 
ones;  they  should  not  be  replated.  If  the  gasket 
cord,  which  is  provided  to  make  an  air-tight  seal 
between  the  lens  and  the  reflector,  is  loose,  fasten 
it  back  in  place  with  shellac 

(3)  Focus  the  Lamps  in  the  Reflectors. — Some  means, 

which  can  be  determined  upon  examination,  is 
always  provided  for  moving  the  lamp  forward 
and  backward  in  the  reflector.  Adjust  the  lamp 
until  the  filament  is  so  placed  with  respect  to 
the  reflector  that  the  spot  which  is  thrown  on 
a  vertical  surface  25  ft.  ahead  of  the  car  will 
be  of  the  minimum  size  and  approximately 
round.  With  fluted  reflectors  that  spread  the 
light  to  either  side,  the  filament  will  be  properly 
placed  when  the  spot  is  shallowest  in  the  vertical 
dimension.  One  point  that  should  be  kept  in 
mind  in  either  case  is  that  the  top  of  the  beam 
should  cut-off  as  sharply  as  possible,  and  re- 
sults frequently  can  be  improved  by  turning 
the  lamp  over  in  the  socket  when  the  beam  is  not 
satisfactory  as  first  installed 

(4)  Install  Redirecting   Equipment. — When   the    ordi- 

nary redirecting  lens  is  used,  be  sure  that  it 
is  placed  in  the  head-lamp  door  so  that  the 
wording  on  it  reads  properly  from  the  outside 
and  that  it  is  fastened  securely  so  that  it  cannot 
rotate  away  from  a  truly  vertical  position. 
When  fluted  reflectors  are  used,  they  in  them- 
selves accomplish  the  spreading  of  the  light  and 
require  only  a  plain  cover-glass.  It  is  import- 
ant that  flutes  be  in  a  truly  vertical  position 
Install  one  head-lamp  door,  with  the  glass  proper- 
ly fastened  in  it,  on  the  head-lamp  and  hold  the 
other  door  loosely  in  front  of  the  other  head- 
lamp in  the  proper  position.  Cover  first  one 
beam  and  then  the  other.  The  spots  from  both, 
as  seen  on  the  vertical  surface,  should  look  prac- 
tically the  same.  If  they  are  noticeably  differ- 
ent, it  means  that  the  focus  has  been  disturbed 
in  installing  the  door,  possibly  due  to  the  fact 
that  the  reflector  moved  back  on  the  springs 
and  the  lamp  position  remained  the  same.  Re- 
focus  the  lamp  so  that  both  beams  will  look 
the  same.  Install  the  other  door  and  re-focus 
in  the  same  manner 

(5)  Aim    the   Beams. — Place    the    car,   with    the    rear 

seat    fully    loaded,    on    a    level    stretch    with    a 


Schedule  of  Sections  Meetings 

OCTOBER 


4 — Detroit  SECTION — Rotary  Valves — E.  Bournonville 

Rotary  Disc  Valve — O.  D.  Heavenrich 
11 — Indiana   Section — Low-pressure  Air-cushion  Tires — J.  E.  Hale 
12— Mid-West  Section — Fundamentals  in  Engineering— C.  F.  Kettering 
18 — Metropolitan   Section — Brakes — H.   M.   Crane  . 

23— New  England  Section— Duralumin— A  Discussion   of  Some  of  Its  Applications— K.  W.  Daniels 
24 — Milwaukee  Member?  Meeting — City  Planning  in  Relation  to  Traffic 
29— Buffalo  Section— Problems  in  the  Construction  of  Low-Pressure  Tires— J.  I«.  Palmer 
Cleveland    Section — No    meeting   this    month   because   of    National    Production 
Meeting  in  Cleveland,  Oct.  25-27 
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garage    door  25    ft. 

■  ■f  the   n 
cap  and  mark  a  point 
OS   height 
lamp     e  >     horizontal     line 

:it   and  on   it   locate   points    at 
•  ter    line    directly 
ahead  of  each  head-lamp 

makes  of  car  a  universal-joint  or  a  slot 
under  one  of  the  bolts  fastening  the  head-lamp 
the    fender   or   to   the   frame    is    provide. i 

e  aiming.  On  a  few  cars,  such  as  the 
-  i.  it  will  be  necessary  to  bend  the  head-lamp 
brack:.  With  one  head-lamp  covered,  center 
the  spot  from  the  other  on  the  vertical  line 
through  the  point  .4  directly  ahead  of  it,  and 
;«am  to  the  point  where  its  top  or  cut- 
off is  just  below  the  horizontal  line  .4.4.  In  a 
similar  manner  the  other  head-lamp  should  be 
aimed  on  the  point  A  directly  ahead  of  it 
When  adjustments  are  made  properly,  a  shallow 
band  of  light  will  be  thrown  upon  the  vertical 
surface  with  its  top  just  below  the  horizontal 
but  with  a  low  intensity  diffused  light  a! 
the  horizontal  line.  The  road  surface  will  be 
so  well  lighted  that  the  motorist  can  pass  other 
cars  conveniently  and  safely.  11  is  possible  that 
oncoming  drivers  may  at  times  signal  to  the 
motorist  to  dim.  Intolerable  glare  has  been  so 
common  in  the  past  that  whenever  drivers 
head-lamps  illuminated  with  a  white  light  they 
anticipate  trouble 
Under  a  few  conditions  glare  results  even  with 
head-lamps  properly  adjusted  as,  for  example, 
when  a  car  is  coming  over  a  rise.  Under  such 
conditions,  drivers  should,  of  course,  dim  the 
head-lamps  for  both  cars  and  pedestrians 

If  you  can  distinguish  the  faces  of 
persons  in  approaching  cars  by  the  light  from 
your  own  head-lamps,  your  lights  are  glaring 
decidedly.  At  reasonable  intervals  the  adjust- 
ments should  be  checked  by  throwing  the  beam 
against  a  vertical  surface  or  viewing  it  from 
about  100  ft.  ahead  of  the  car  in  order  to  be 
re  that  vibration  and  handling  have  not 
changed  the  focus  and  aiming  materially.  The 
head-lamps  should,  of  course,  be  re-focused  and 
re-aimed  each  time  a  lamp  is  renewed 
Proper  head-lighting  is  impossible  if  the  equip- 
ment is  not  kept  in  reasonably  good  condition. 
The  time  it  takes  to  wash  the  outer  surfaces  of 
the  lenses  now  and  then  is  well  spent.  Each 
time  a  lamp  is  renewed,  and  oftener  if  necessary, 
the  reflectors,  the  lamps  and  the  inner  surfaces 
of  the  lenses  should  be  cleaned  carefully 

litan's  r.ext  meeting  will  be  held  at  the  Auto- 
ib  of  America,  247  West  F  New 

York  \    18.      The    topic    is    Brakes,    and    H.    M. 

speaker   scheduled.     The    customary    informal 

dinner  will   be  served   at   6:30   p.    m.   and    the    meeting   will 

start  at  8  o'el 


i     w     \  \>!l  MID-W  EST  SECTION  BOS1 


M  RAL1  Ml\     SOME  01   [TS   U»PUCATfONS 

at   plant    inspection    these    Fall    days   has 
•  (.'land    Section.      The    next    meeting, 
n   with  aii 
ant  in  Sprinr'  A  \fter 

!,   Spring 

R.  W.  Danieli 
will  !.<■  Duralumin 
— A    "  With    the 

r  in  the  day.  Mr.  ]>  ■■x-r  will  main- 

tain   '  ■   on    prop: 


President    of   Nash   Co.   S.i\>   Kng'meera    Deserve   More 
Credit  for  Benefits  of  Auto 

Mid  Wesl  Sei  tion  made  an 
excellent     start     of    the     new 

Section  year  in  its  visit  to 
the  plant  of  the  Nash  Motors 
Co.  at  Kenosha,  Wis.,  on 
Sept.  21.  From  the  morn- 
ing golf  tournament,  through 
the  plant  inspection  person- 
ally conducted  by  C.  W. 
Nash,  to  the  dinner  in  the 
evening  at  which  Mr.  Nash 
made  a  short  address,  the 
Mul-West  Section  members 
felt  that  no  pains  had  been 
spared  to  make  their  visit  a 
red-letter  occasion. 

The  laurels  in  golf  for 
low  gross  score  went  to 
Harold  F«ng,  purchasing 
agent  of  the  Nash  company. 


I  '     W     Nash 


H.  J.  Mellum,  secretary  of  the  company,  won  second  prize 
for  low  net,  and  Walter  J.  Buettner,  the  Mid-West  treas- 
urer, carried  off  third  prize.  A  special  feature  not  on  the 
program  was  a  ball  game  between  the  Nash  and  Simmons 
teams  which  was  won  by  the  Nash   nine,  2  to  1. 

Mr.  Nash  met  his  guests  at  luncheon  and  remained  with 
them  for  the  rest  of  the  day.  They  were  unusually  for- 
tunate in  having  him  personally  conduct  the  inspection  of 
the  plant  in  the  afternoon,  for  he  has  a  remarkably  intimate 
lintance  not  only  with  all  his  men,  hut  also  with  all  the 
operations  of  his  factory. 

At  the  dinner  which  closed  the  visit.  Mr.  Nash  expre 
his  belief  in  the  engineering  fraternity  and  his  conviction 
that  engineers  should  receive  a  larger  share  of  the  credit 
for  the  health  and  happiness  which  the  motor  car  has  brought 
to  so  many  people.  Mr.  Nash  attributes  his  success  to  close 
contact  with  his  men  and  welcomes  opportunities  to  reach 
engineers  more  intimately.  The  50  Mid-West  men  pr> 
elected  Mr.  Nash  the  first  honorary  member  of  their  Section. 
in  appreciation  of  his  expressed  desire  of  securing  better 
cooperation  between  the  engineering  and  the  production 
phases  of  the  automotive  industry. 

The  October  meeting  of  the  Mid-West  Section  will  main- 
tain the  standard  set  by  the  Kenosha  trip.  C.  F.  Kettering, 
president  of  the  General  Motors  Research  Corporation,  will 
speak  on  Fundamentals  in  Kngineering  at  the  meeting  set 
for  8  o'clock  on  Oct.  12  at  the  Western  Society  of  Engineers. 
Chicago,  after  the  customary  informal  dinner  at  6:30. 


\nu:oou\<;  iapopular  in  Detroit 


Section  Opens  Season    Suspiciously  Despite  Frigidity  of 
Cooling    Mediums 

Air-cooling  and  water-cooling  have  their  proper  places  in 
motor  vehicle  design,  but  when  they  start  on  a  rampage  and 
mpi    to    make    merry    amidst    a    sport    outing  of   tin-   I  n 
■  ring  fraternity,  that   is   quite   another   matter.     Detroit 
:    planned   an  attractive   program  of  swim- 
ming and   boating  I  a    feature  of  the   Section   outing 

10  at  the  1  Boat  <  lub.   On  the  i 

afternoon  under  discussion,  the  air  and  water  temperatures 
reached   a   point    on   the   Fahrenheit   scab?  that  is   far  from 

ially    when    one    is    immersed    in 
the  colorful  v.  roil   River.     Just  to  prove  the 

frhich    had    conceived   the   marine 

program,   George   McCain,   its   chairman,  splashed   about   in 

g  the  idea  to  others  in  the  assembly,  but  with- 

R.    II.    Weinert   bolstered   up   the 
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Meeting  contributions.  In  submitting  requests  for  a  place 
on  the  program,  give  a  reasonably  complete  description  of 
what  you  intend  to  present.  But,  most  important  point  of 
all,  acquaint  the  Committee  with  your  desire  to  appear  on 
the  program  -without  waiting  for  an  invitation. 


H.    M.    Rugg  C.   H.   Brennan  G.   L.    McCain 

Responsible    for   Detroit    Section's    Social    Meeting 

nautical  program  by  cutting  capers  in  his  amazingly  active 
motor  boat  "S.  A.  E."  He  found  many  willing  riders  in 
the  assembly,  particularly  those  of  feminine  gender.  If 
maneuverability  counts  in  supplying  thrills  to  motorboat 
followers,  the  "S.  A.  E."  takes  top  rank. 

Temperatures  bordering  on  frigidity  had  a  beneficial  effect 
on  the  other  features  of  the  program  and  the  net  result 
was  a  very  successful  social  meeting.  Over  one  hundred 
were  seated  at  the  dinner  table  and  partook  of  the  Boat 
Club  chef's  handiwork.  This  dusky  individual  soon  an- 
nounced that  "the  cupboard  was  bare"  and  saxaphone  Heat- 
ings enticed  the  members  and  their  ladies  into  the  twirling 
of  merry  steps  upon  the  ballroom  floor.  Acquaintance  and 
congeniality  were  promoted  by  the  injection  of  several  Paul 
Jones  and  dancing  continued  for  several  hours.  The  number 
of  ladies  who  expressed  curiosity  concerning  the  scheduling 
of  a  similar  occasion  in  the  near  future  serves  as  support- 
ing evidence  that  the  Detroit  Section  season  was  opened 
auspiciously. 

Next  Detroit  Section   Meeting 

Various  types  of  rotary  and  sleeve-valve  engines  will  be 
described  and  discussed  at  the  next  meeting  of  the  Detroit 
Section  Thursday  evening,  Oct.  4.  E.  Bournonville  will  read 
a  paper  on  valves  of  the  rotary-tube  type  and  Osmond  D. 
Heavenrich  will  present  the  advantages  of  the  rotary-disc 
valve.  Well-known  authorities  on  sleeve-valve  engines  are 
expected  to  attend  and  give  short  talks  on  the  latest  develop- 
ments in  this  type.  Of  course  the  poppet-valve  supporters 
will  be  on  hand  to  defend  the  conventional  practice  now  fol- 
lowed by  a  majority  of  the  car  producers.  The  combina- 
tion of  these  several  viewpoints  on  one  program  should  pro- 
duce an  active  and  interesting  discussion,  to  say  the  least. 
Detroit  Section  meetings  are  held  in  the  General  Motors 
Building  and  are  preceded  by  an  informal  supper  at  6:30. 
Presentation  of  papers  starts  promptly  at  8  o'clock. 


LOW-PRESSURE  TIRE  CONSTRUCTION 

J.  F.  Palmer  of  the  Hewitt  Rubber  Co.  will  speak  on  Low- 
pressure  Tire  Construction  at  the  Buffalo  Section  meeting 
on  Oct.  29.  Mr.  Palmer's  experience — one  of  the  widest  in 
the  industry — qualifies  him  to  speak  with  authority  on  tire 
matters.  The  meeting,  which  will  begin  promptly  at  8  o'clock, 
will  be  held  in  the  Statler  Hotel. 


ANNUAL  MEETING  PAPERS  WANTED 

Members  who  are  planning  to  present  papers  on  the  pro- 
gram of  the  Annual  Meeting  in  Detroit  next  January  should 
communicate  with  the  New  York  office  of  the  Society  with- 
out delay.  It  is  planned  to  make  this  meeting  one  of  the 
most  comprehensive  ever  held  by  the  Society.  There  will 
be  sessions  on  nearly  every  phase  of  automotive  engineer- 
ing; fuel,  engines,  chassis,  bodies,  production,  aeronautics 
and  other  important  topics  will  be  treated. 

The  Meetings  Committee  is  anxious  to  receive  papers  on 
any  subject  of  general  interest  for  consideration  as  Annual 


WHEEL  ALIGNMENT  DISCUSSED 

Successful  Opening  Session  of  New  England  Section 

Over  60  members  and 
guests  were  present  at 
the  session  of  the  New 
England  Section  of  the 
Society  held  in  Boston  at 
the  Buckminster  Hotel  on 
Sept.  11.  Chairman  R.  E. 
Northway  told  of  the 
plans  for  the  season,  the 
next  meeting  being  sched- 
uled to  be  held  in  Spring- 
field on  Oct.  2. 

The  September  meeting 
was  preceded  by  a  dinner 
at  which  the  best  of  good 
fellowship   prevailed. 

John  F.  Duby  of  Bos- 
ton gave  a  valuable  anal- 
John  F.  Duby  ysis  of  the  features  to  be 
considered  in  wheel  alignment  and  the  troubles  attributable 
to  misalignment.  He  said  that  he  had  in  his  long  experience 
found  considerable  confusion  on  the  subject  among  engi- 
neers. Mr.  Duby's  purpose  was  to  give  a  short,  easy  method 
of  calculating  and  allowing  the  correct  setting  for  all  cars 
to  assure  good  steering  and  minimum  tire  wear.  He  stated 
that  it  was  not  necessary  to  sacrifice  the  tire  to  secure  good 
steering.  Wheel  alignment  is  seriously  affected  by  axles, 
tie-rods,  king-pins,  radius-rods,  steering-arms,  steering-gear, 
and  spring  suspension  plays  an  important  part. 

The  rear  wheels  should  be  parallel  in  every  way;  that  is, 
each  wheel  should  revolve  in  a  perfectly  true  circle.  Some 
causes  for  misalignment  of  the  rear  wheels  are  bent  axle- 
housing,  improperly  adjusted  radius-rods  and  loose  spring- 
clips. 

There  are  very  few  cars  on  which  the  front  wheels  are 
the  same  distance  apart  at  their  centers  as  the  rear  wheels, 
and  very  few,  if  any,  cars  on  which  the  front  wheels  are 
parallel  to  each  other.  They  are  closer  together  at  the  bot- 
tom than  at  the  top,  and  the  front  axle  is  set  at  an  angle 
to  cause  the  king-pins  to  be  further  forward  at  the  bottom 
than  at  the  top.  It  is  generally  agreed  that  these  condi- 
tions are  correct;  the  disagreement  arises  over  the  reasons 
and  the  proper  amount  to  be  allowed. 

The  propulsion  of  the  car  tends  to  cause  the  front  wheels 
to  toe-out.  This  is  one  of  the  principal  reasons  for  toeing 
them  in.  The  purpose  of  camber  is  to  bring  the  contact  of 
the  front  tires  on  the  ground  directly  under  the  king-pins. 
Also,  the  camber  counteracts  the  effect  of  the  weight  on 
the  spindles.  As  the  camber  increases,  the  tendency  of  the 
wheels  to  toe-out  decreases.  Large  wheels  require  more 
toe-in  than  small  ones.  The  author  expressed  the  opinion 
that  the  proper  amount  of  toe-in  is  from  %  to  V*  in.,  meas- 
ured between  the  tires  at  points  9  in.  from  the  ground.  Also 
that  cars  will  steer  well  with  from  1  to  3  deg.  of  camber, 
but  that  there  is  undue  tire  wear  with  more  than  2  deg. 
The  object  of  tilting  the  front  axle  backward  is  to  secure 
caster  effect  on  the  wheels,  the  tire  contact  with  the  ground 
being  behind  the  line  drawn  through  the  king-pin  axes.  In- 
sufficient tilt  causes  the  wheels  to  pull  hard  in  turning  cor- 
ners with  the  car.  The  front  wheels  should  be  the  same  dis- 
tance apart  as  the  rear  wheels,  at  the  bottom. 

Wheel  alignment  should  be  measured  after  mounting 
bodies  on  cars,  to  assure  proper  axle  tilt. 

A  lively  discussion  was  had  as  to  the  effect  of  wheel  align- 
ment on  tire  wear  and  as  to  front  wheel  wabble. 
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Chronicle  and  Comment 


The  Production  Meeting 

MOST  of  the  papers  read  at  the  second  national  Pro- 
duction Meeting  of  the  Society  are  printed  in  full 
in  this  issue  of  THE  JOURNAL.  Illustrated  reports  of  the 
four  sessions  and  Production  Dinner  held  in  Cleveland 
Oct.  25  and  26  will  be  found  commencing  on  p.  429.  To 
say  that  the  meeting  was  enthusiastically  received,  is 
putting  it  mildly.  The  attendance  of  production  execu- 
tives in  gratifying  numbers  served  as  further  evidence 
that  this  phase  of  the  Society's  work  is  appreciated. 

The  Production  Meeting  is  now  an  established  in- 
stitution and  will  be  included  permanently  in  the  meet- 
ings activities  of  the  parent  Society.  In  addition,  sev- 
eral of  the  Sections  are  devoting  a  part  of  their  meetings 
to  production  matters.  The  Detroit  Section  has  an- 
nounced the  scheduling  of  two  monthly  meetings  in  the 
future,  one  of  which  will  treat  manufacturing  problems 
exclusively.  Thus  we  proceed  to  the  inevitable  ideal  of 
true  cooperation  between  the  designer  and  the  con- 
structor. 

Automotive  Standardization 

ALTHOUGH  the  Society's  Standards  Committee  is 
XV.  the  recognized  standardizing  body  in  the  automotive 
industry,  its  work  is  supplemented  and  strengthened  by 
other  organizations  having  a  national  status.  Briefly, 
these  organizations  and  their  objects  are 

(1)  American    Engineering    Standards    Committee,    a 

national  clearing-house  for  standards 

(2)  Division  of   Simplified   Practice,  a   division   of  the 

Department  of  Commerce  organized  by  Secre- 
tary Hoover  to  aid  in  reducing  standards  to 
practice 

(3)  Automotive  Simplified  Practice  Committee,  a  com- 

mittee representative  of  automotive  associations 
organized  at  the  request  of  the  Division  of  Sim- 
plified Practice,  its  object  being  to  encourage 
the  adoption  of  automotive  standards  in  future 
production 

In  addition  to  these,  there  are  a  large  number  of  tech- 
nical societies  and  trade  associations  having  a  limited 
scope  within  the  automotive  industry  with  which  the 
Standards  Committee,  through  its  Divisions,  is  actively 
cooperating. 


Maintenance  Problems 

AN  invitation  has  been  extended  to  our  members  by  the 
il  National  Automobile  Chamber  of  Commerce  to  par- 
ticipate in  its  Service  Managers  Convention  at  Dayton, 
Ohio,  Nov.  20  and  21.  Meetings  devoted  to  topics  that 
are  of  equal  interest  to  the  designer  and  the  service-man 
will  be  held  in  the  morning  and  afternoon  of  both  days- 
Papers  on  the  following  subjects  will  be  read  and  dis~ 
cussed:  evils  of  head-lamp  dimming;  instructions  on 
head-lamp  adjustment;  engineering  lessons  taught  by 
the  flat-rate  system;  educating  the  public  to  combat  the 
evils  of  crankcase  dilution. 

One  session  will  include  a  discussion  of  what  the  en- 
gineer can  do  to  simplify  electrical  repairs.  Designing 
cars  to  eliminate  the  need  of  costly  special  tools  for 
making  repairs  will  be  another  important  topic.  These 
meetings  present  an  excellent  opportunity  for  the  en- 
gineer to  learn  what  troubles  are  encountered  generally 
in  the  maintenance  of  motor  vehicles.  Thus  he  will  be 
enabled  to  combat  them  with  improvements  that  can  be 
incorporated  in  future  designs. 

Non-Member  Affiliation  with  Sections 

THE  Governing  Committees  of  the  Cleveland,  Detroit, 
Metropolitan  and  Washington  Sections  of  the  So- 
ciety have  gone  on  record  as  being  favorable  to  the 
establishment  of  some  form  of  local  Section  membership 
that  will  be  open  to  men  who  are  not  members  of  the 
Society.  Such  local  Section  members  would  have  no 
privileges  in  the  parent  Society  and  would  not  receive  its 
publications;  they  would  merely  be  entitled  to  the  privi- 
lege of  attending  the  meetings  of  the  Section  with  which 
they  became  affiliated. 

In  this  connection,  a  resolution  approved  by  the  mem- 
bers present  at  the  October  meeting  of  the  Metropolitan 
Section  is  representative  of  the  plan  being  agitated. 

Whereas,  it  will  be  of  advantage  to  the  Metropolitan 
Section  to  take  in  Section  members  to  be  known  as 
Associates,  these  men  not  being  members  of  the  Soci- 
ety, but  nevertheless  men  who  may  greatly  profit  by 
the  contact  and  association  with  the  Metropolitan  Sec- 
tion, and  whose  experience  and  discussion  may  corre- 
spondingly be  of  benefit  to  the  Metropolitan  Section, 
be  it 
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la  advisable  to  have  the  active  par- 
»t:on  and  financial  rapport  of  the  large   number 
en   in   th 
refrular  members  u!ii    not   reasonably   be  ex- 

-    >i  the  Society  to  join  the 
.ind  that  the  Council  of  the  Society  of  Auto- 
re  Engineers  is  hereby  requested  to  authorize  suit- 
able Associa'  membership  at  $5  per  annum. 

To   become    operative,    this    form    of    participation    in 
local  meetings  must  receive  the  approval  of  the  Council 
of  the  Society  before  it  can  be  incorporated  in  the  I 
'ion  and  By-Laws  of  the  Sections. 

i  i  mhined  Soeietj  and  Sections  Dues 

CISIDERABLE    discussion    has    been    had    among 
various  members  of  the  Society  who  are  conn, 
the  work  of  the  Sections,  on   several   points  raised 
wit!  to  the  methods  that  will  result  in  the  most 

ry  and  valuable  Sections  activities.  As  some 
amendments  to  the  Constitution  of  the  Society  may  be 
prot  'he  Busi-  -ion  of  the   Annual    M 

ing  to  be  held  in  January,  attention   is  called  heir  to  a 
Jtion   that   originated   in   the    .Metropolitan   Section, 
at  the  members  can  have  an  opportunity   to  study  in 
ince  the  questions  involved.     The  resolution,  as  ap- 
proved   by    the    members    of   the    Metropolitan    Section 
present  at  the  October  meeting  of  that    Section,   is  as 
folio-' 

Whereas,  the  main  activities  of  the  Society  of  Au- 
tive   Engineers   are  being  carried   on   by   its   Sec- 
tions,  and   the   Section   Officers   are   already   burdened 
with    all  the   detail   they   can    reasonably   be   asked   to 
carry,  and 

Whereas,   larger   funds  are  necessary  to   carry  on 
the    Section   activities    properly,   and    these    should    be 
raised  from  among  those  Society  of  Automotive  Engi- 
neers   members    who   directly    or    indirectly   enjoy    the 
j!ls  of  the  Section  activities,  therefore  be  it 
Reaolved,  that  it  is  advisable  to  increase  the  annual 
dues  of  all  bat  Student   members  of  the  Society   from 
to  $20;  that  the  increase  of  $5  includes  a  Section 
membership,  and  that  this  sum  be  credited  to  the 

n  which  the  individua'  r  makes  his  busi- 

headquarters.     Further,  that  the  dues  for  a  Soci- 
ety member   residing  and  having  his  place  of  bus,i 
more  than  TiO  miles  from  the  city  in  which  the  Section 
be  $15,  unless  such  Society  mem- 
r'-s  to  become  a  Section  men,1 

The  dues  of  m>  ■  rf  the  Society  are,  of  con 

Ot    be  changed  ex- 
proper  amendment  of  that  document.     At   the 
•  nt  time  the  annual  dues   for  all   grades  ol 
memb'-r-  are  $15,  except  in  th(  vice,   Foreign 

if  $10. 

Motor  Vehicle  Speeds 

\  involved  in  speed  limits 

/\  for  motor   vehicles,   it  is  ■   !    that   the   re.com- 

'     nt  Committee  on  Uniform   Vehicle 
The  speed  limit 
column. 
The  recommendatio;  ommittee  are  based  <>n  a 

care:  ing  traffic  regulations  through- 

out •■  idered  in  the  light  of  present  tech- 

Thi 
inte;  •ual  limiting  speeds  under  the  existing 

traffic  conditi  ified,  namely,  open   road,  suburban 

streets,  and  urban  stp  I  it  is  assumed  that  the  law 

will  forced.    There  is  no  question  that  tl 

\y  nafe  for  vehicles  which  are  in  proper 
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mechanical  condition,  driven  on  roads  which  are  suitably 
surfaced  and  dry.  To  actually  enforce  speed-limits 
slower  than  this  would  work  an  economic  injustice  not 
bo  much  on  the  user  of  motor  vehicles  as  on  the  whole 
community,  since  the  ultimate  cost  is  always  paid  by  the 
consumer.  .Maximum  safe  speed  is  the  essence  of  high- 
way transport  economy,  and  vehicles  are  constantly  be- 
ing developed  toward  increasing  their  safe  speeds. 

In  the  last  analysis,  enforcement  of  any  regulation  of 
this  kind  depends  upon  its  reasonableness.  If  the  aver- 
age conservative  driver  does  not  consider  the  regulation 
reasonable,  no  practicable  amount  of  policing  will  serve 
to  enforce  it.  particularly  if  it  interferes  with  business. 

There  is  a  phase  of  the  safety  problem  which  is  much 
more  serious  than  the  regulation   of  maximum   spi 
This   is  regulation  of  the  speeds  at    which  vehicles   an 
usually  operated  when  the  traffic  and  other  conditions  re 
quire  special  caution.    Some  of  these  conditions  are: 

(1)  Roads  wet  or  covered  with  ice  or  snow 

(2)  Hidden  crossings  or  corners  with  bad  visibility 
i  -".  i  Vehicles  with  defective  or  inadequate  brakes 

i  1 1   Vehicles  overloaded  beyond  their  capacity 

Safety  depends  almost  entirely  on  the  ability  of  tin 
driver  to  stop  within  the  char  space  available.  No  speed 
is  safe  unless  the  driver  can  be  sure  that  he  has  enough 
clear  road  ahead  in  which  to  stop  before  anything  can 
gel  in  his  way.  At  25  m.p.h.  a  vehicle  fitted  with  pneu- 
matic tires  and  suitable  brakes,  and  operating  on  a  dry 
road,  can  be  stopped  in  from  50  to  75  ft.     If  the  road  is 

or  icy,  the  distance  required  may  be  three  or  four 
times  as  great.  A  speed  of  15  m.p.h.  on  the  wet  road  is 
probably  more  dangerous  than  20  m.p.h.  on  the  dry  road. 
.  iously,  any  at  tempt  to  meet  these  conditions  by 
imposing  unreasonably  low  speed-limits  can  be  only  a 
failure.  A  speed-limit  such  as  10  or  15  m.p.h.  on 
the  open  road  would  be  an  absurdity  and  an  econ 
crime,  yet   under  ecia!   conditions  as  those  cited 

above  -neb  speeds  should  be  and  are  actually  adhered  to 
by  all  competent  drivei   .     It    is   believed  thai   the  only 

of  traffic  regulation  which  can  meet  these  conditions 
hich  will  place  the  responsibility  on  the  driver 
by  requiring  him  to  keep  down  to  speeds  from  which  he 
can  alwaj  -  top  within  distances  which  are  determined 
by  the  local  conditions.  Such  a  regulation  could  be  en- 
forced by  empowering  traffic  officers  to  demand  that  ve- 
hicles be  brought  to  a  stop  at  any  time  within  a  certain 
specified  distance,  these  distances,  rather  than  the  speeds, 
to  be  incorporated  in  the  traffic  rules. 
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The  Application  of  Conveyor  Equipment 
to  a  Small  Production  Plant 


By  H.  P.  Harrison1 


Production  Meeting  Paper 


Illustrated  with  Photographs 


TO  install  conveyors  in  a  going  automobile  manufac- 
turing plant  of  moderate  size,  without  interrupt- 
ing production,  and  with  a  minimum  amount  of  re- 
arrangement of  the  plant  and  an  investment  commen- 
surate with  the  saving  to  be  effected,  was  the  problem. 
the  solution  of  which  is  herein  described.  The  condi- 
tions that  determined  whether  power-driven  or  gravity- 
actuated  conveyors  should  be  used  are  discussed  and 
the  various  types  required  for  handling  raw  stock,  for 
machining  operations,  for  sub-assemblies  and  for  fin- 
ished assemblies  are  indicated.  Among  the  operations 
for  which  conveyors  were  found  particularly  advan- 
tageous are  those  of  handling  cylinder  castings  from 
the  storage  of  raw  stock  to  the  stockroom  for  finished 
parts ;  carrying  cylinders  between  -various  machining 
operations  and  from  the  inspection  bench  to  the  store- 
room for  finished  cylinders;  machining  transmission 
cases;  carrying  rear-axle  gearcases  through  machining 
operations  and  delivering  them  to  the  starting  end  of 
the  axle-assembling  line;  handling  parts  between  de- 
partments and  machines;  assembling  transmissions, 
engines,  and  front  and  rear  axles;  carrying  axles  to 
the  washing  and  paint-spraying  machines,  thence  to 
the  chassis  assembling  line;  handling  the  trimming  of 
open  bodies;  the  final  conveying  of  chassis  and  fin- 
ished cars;  and  handling  the  finished  cars  through  the 

1  Master  mechanic.    H.    H.    Franklin   Mfg.    Co.,    Syracuse.    N.    Y. 


Fig.   2 — Delivery  End  of  Cylinder  Elevator 

final-inspection  and  touch-up  operations.  The  conclu- 
sion reached  is  that  the  use  of  conveyors  not  only 
pays,  but  pays  well. 


I 


Fig.  1 — Feeding  End  of  Cylinder  Elevator 


N  attempting  to  adapt  rapid  production  methods  to 
the  comparatively  small  production  plant  the  en- 
gineer is  at  once  faced  with  the  question,  how  far 
conveyor  equipment  can  be  applied  to  his  problem.  It  is 
necessary  first  to  determine  whether  the  plant  has  a 
production  large  enough  to  make  the  installation  advisa- 
ble. In  determining  the  practicability  of  installing 
conveyors  it  is  necessary  to  consider  the  arrangement 
of  the  plant  in  its  present  form  and  the  question  of  pos- 
sible rearrangement,  without  too  great  a  cost,  in  order  to 
allow  the  material  to  progress  in  its  logical  sequence. 
The  majority  of  plants  that  are  brought  face  to  face 
with  this  problem  have  been  built  up  in  a  series  of  units, 
as  production  requirements  have  increased,  in  such  a 
way  that  the  department  arrangement  has  been  the  re- 
sult rather  of  the  addition  of  buildings  than  of  the  out- 
growth of  a  definite  plan  for  economical  production.  It 
may  safely  be  said  that  there  is  no  plant  manufacturing 
automotive  parts  that  is  too  small  to  consider  the  install- 
ing of  some  conveyor  equipment  as  an  aid  to  cost  reduc- 
tion.   The  question,  how  far  the  installation  of  conveyors 
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..!i  be  determined 

ranklin  Company  ami  the  way 
shown  in  the  accom- 

•  •  ring    the    problems    at 

ra)  important  remiire- 
fulnlled   in  making  the  conveyor 

per  day 
jru  amount  of  plant  rearrangement 

nmensurate   with   the  saving  to 
be 

•  illation    without    inter- 
rupting production 

■ail  given  the  matter  serious  thought  we 
operated  our  shops  on  the  lot  system  of  production,  ami 
naturally  in  order  to  use  conveyor  equipment  in  the 
ral  departments  it  was  necessary  fust  to  abandon 
•ice.  The  various  operations  must  he  balanced 
in  such  a  way  that  each  work-station  along  the  conveyor 
line  laible,  the  same  time-peri 

i-r  station.  The  type  of  conveyor  selected  was 
intended  to  meet,  as  closely  as  possible,  these  require- 
ment 

I'  might  be  well  at  this  jwint  to  note  one  fact  that  we 
have  since  learned  enters  largely  into  determining 
whether  the  conveyor  shall  be  power-driven,  or  simply 
hand-operated  by  gravity.  In  installing  several  con- 
nected a  power-driven  unit  for  convey- 
ing machined  parts  and  assembled  parte  between  the 
various  machines  upon  which  the  operations  were  per- 
formed. Th>  •  yen  have  since  been  removed  and 
replaced  with  others  of  the  gravity  type.  The  reasons 
for  the  failure  of  power-driven  conveyors  in  the  loca- 
tion* referred  to  will  be  explained  more  in  detail  later, 
but  it  can  safely  be  stated  that  for  the  average  plant  of 
small  production  it  is  not  practicable  to  use  power-di 
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conveyors  where  the  operations  are  not  performed  di- 
rectly on  the  conveyor  lines. 

A  discussion  of  the  conveyor  installation  at  the  Frank- 
lin plant  will  probably  be  made  clearer  by  illustrations. 
The  subject,  accordingly,  will  be  treated  in  the  following 
order:  (a)  Raw-stock-handling  conveyors;  (6)  conveyors 
for  machining  operations;  (c)  conveyors  for  sub-assem- 
blies; and  (d)  conveyors  for  finished  assemblies.  This, 
of  course,  is  the  logical  order  in  which  the  stock  is  pro- 
gressed through  the  plant. 

The  first  installation  is  the  handling  of  cylinder  ci 
ings  from  the  storage  of  raw  stock  to  the  stockroom  for 
finished  parts.  Fig.  1  shows  the  feeding  end  of  the 
cylinder  elevator,  the  function  of  which  is  to  elevate  the 
cylinders  from  the  basement  floor  to  the  third  floor  of 
the  same  building  and  deliver  the  castings  to  the  feed- 
ing end  of  the  cylinder-machining  line.  The  elevator 
itself  is  automatic  in  operation  and  is  arranged  to  pick 
up  the  cylinders?  four  on  a  pallet,  without  the  attention 
of  an  operator.  The  cylinders  are  delivered  on  a  curved 
ion  of  gravity  conveyor  on  the  third  floor,  as  shown 
in  Fig.  2.  The  section  of  gravity  conveyor  in  the  i 
ground  is  fitted  with  an  automatic  electric  switch,  which 
;  the  operation  of  the  conveyor  as  soon  as  4  loaded 
pallets    rest   on    it,   ai  the  conveyor   in  operation 

again  as  soon  as  those  pallets  have  passed  off.  This 
arrangement  prevents  the  piling  up  of  cylinder  castings 
at  the  delivery  end  of  the  elevator.  Before  installing  the 
cylinder  elevator  it  v.  sary  to  truck  the 

ral    hundred    feet   horizontally,    from    tlicii 

an   elevator,   tiling   them  to  the  third   Moor  and 
repeat  the  horizontal  travel  in  order  to  deliver  them  at 
point    where    the    machine    operations   began.      The 
tor,  of  course,  removes  any  necessity  for  this  han- 
dling. 

Conveyor  kor  Carrying  Cylinders 

The  fn.-t  conveyor  that  we  installed,  to  carry  cylini 
e,.n  the  various  machining  operations,  is  shown  in 
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Fig.  3.  This  conveyor  is  composed  of  an  endless  belt 
along  which  are  interposed  sections  of  roller  conveyor 
under  which  the  belt  itself  passes,  thus  allowing  the 
cylinders  to  collect  in  certain  quantities  at  the  points 
occupied  by  the  rest  stations.  The  purpose  of  this  in- 
stallation was  to  move  the  cylinders  mechanically  from 
one  operator  to  another  and  still  allow  some  elasticity 
with  regard  to  the  number  of  cylinders  carried  between 
operations.  We  had  already  found  it  impossible  to 
balance  exactly  the  time  required  for  each  operation  or 
to  combine  the  operations  so  that  the  time  would  ap- 
proach the  required  unit;  and  the  work-station  idea 
seemed  to  be  the  logical  method  of  allowing  for  this  dis- 
crepancy of  time.  When  the  system  was  put  into  opera- 
tion we  discovered  at  once  that  we  could  not  exert 
sufficient  driving  power  on  the  belt  to  pull  it  through 
the  rest  stations,  which  I  believe  numbered  14  at  that 
time.    The  internal  friction  of  the  belt,  occasioned  by  so 


Fig.  5 — Gravity  Line  for  Transmission  Machining  Line 

many  bends  around  small-diameter  rollers,  could  not  be 
overcome  by  the  surface'  contact  of  the  belt  with  the 
driving  pulley.  Midway  of  the  machining  line  is  a  group 
of  internal  grinders,  10  in  number,  all  of  which  had  to 
be  served  with  unground  cylinders.  The  operators  of 
these  machines  had  to  have  some  means  of  getting  rid 
of  the  cylinders  after  they  had  been  ground.  Here  again 
we  found  that  the  belt  idea  was  far  from  ideal  for  ac- 
complishing this  result ;  in  fact,  we  actually  had  a  single- 
track  road  on  which  to  handle  a  double  line  of  traffic. 
This  conveyor  was  kept  in  operation  but  a  short  time. 
as  we  immediately  began  a  re-analysis  of  the  job  to  de- 
termine the  proper  type  of  conveyor  to  overcome  the 
troubles  of  this  nature.  In  Fig.  3  you  will  note  a  large 
number  of  stock  boxes  along  both  sides  of  the  conveyor, 
in  which  it  was  necessary  to  store  a  small  reserve  supply 
of  cylinders  in  advance  of  each  operation  so  that,  in  cass 
of  minor  shutdowns,  the  operators  would  not  be  without 
stock. 

Fig.  4  shows  the  double  line  of  gravity  conveyor  that 
we  finally  decided  would  meet  best  the  requirements  of 
the  cylinder-machine  line.  This  conveyor  extends  the 
entire  length  of  the  line  and  is  divided  into  three  sec- 
tions, each  having  a  slight  pitch  to  assist  in  propelling 
cylinders  forward.  The  idea  of  dividing  the  conveyor 
into  sections  was  to  provide  convenient  passages  through 
the  line  at  these  points  and  to  maintain  the  required 
slope  without  making  the  delivery  end  of  the  conveyor 


Fig.   6 — Gravity  Line  for  Rear-Axle  Gear  Case 

too  low.  This  installation  has  been  in  operation  about  6 
months  and  is  now  operating  perfectly.  It  is  not  neces- 
sary to  store  cylinder  castings  anywhere  except  on  the 
conveyor,  as  a  sufficient  number  of  cylinders  to  meet  the 
requirements  of  each  machine  operator  are  always  on 
the  conveyor,  even  though  the  machine  at  the  preceding 
station  may  have  been  down  for  several  minutes.  This 
is  an  excellent  illustration  of  the  point  I  mentioned 
earlier  with  reference  to  our  inability  to  move  parts 
mechanically  between  machine  operations  that  were  not 
performed  on  the  conveyor  itself. 

Still  another  section  of  conveyor,  installed  in  the  cylin- 
der department,  was  intended  originally  to  carry  the 
finished  cylinders  from  the  inspection  bench  to  the  store- 
room for  finished  cylinders  on  an  adjacent  floor.  This 
was  an  overhead-cable  type  of  elevator  having  the  feed- 
ing and  delivery  ends  for  the  attachment  of  the  castings 
lowered  to  a  point  conveniently  within  reach  of  the 
operator  and  extending  directly  along  the  ceiling  of  the 
room  for  the  remaining  distance.  Unfortunately  we 
have  no  illustration  of  this  conveyor,  as  it  was  removed 
shortly  after  it  had  been  installed.  The  reasons  for  its 
failure  to  operate  properly  were  that  no  storage  space 
whatever   could   be   provided   for   finished   cylinders   be- 
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1  of  the  machine  line  and  the  stockroom, 
on  the  machine  line  could  not 
•  to  hang  the  cylinder  castings  as 
station;  a   third   reason 
attendant  stationed  at  its  delivery 
he  time.     Its  failure  to  suit  our  conditions  can 
be  summed  up  by  saying  that   we  were  unable  to 
hronize  the  production  of  cylinders  and  the  positions 
men  closely  enough,  without  requiring  the  ser- 
each  of  the  men  for  a  longer  time  than  would 
be  required  to  move  the  cylinders  manually  between  the 
points  served.     Shortly  after  attempting  to  put  this  con- 
eration  it  was  decided  to  dismantle  it.  and 
the  cylinders  by  truck  from  the  cylinder  machine 
In  summarizing  the  results  ob- 
tained by  the  installation  of  cylinder-handling  equipment, 
ay  be  well  to  state  that  we  actually  reduced  the  num- 
stings    ■  •    -  by  2000. 

nveyob  for  Transmission  I  ■ 

"ion  of  what  can  be  done  with  a  simple 

t  is  shown  in  Fig.  5.     This  is 

the  machining  the  transmit  •.  and  offers 

hat   must  be  accomplished   in   bal- 


ancing operations   ill   order   to   handle   the   part    progres- 
sively;   and    by    progressively    1    mean    the   advancing   of 
the  part  directly  from  one  operation  to  the  next   without 
maintaining   a   large   supply    of   stock    hot  ween    the   Opel 
at  ions.     Before  installing  the  gravity  line  and  arranging 
the  machines  in  their  proper  sequence  it  was  often  n» 
sary  to  have  700  to  800  transmission  cases  in  process  in 
order  to  assure  a  uniform  production  at  the  desired  rate. 
Since  the  rearrangement   of  the  machine  line  and   the 
installation  of  the  gravity  conveyor  we  need  not   have 
more  than  150  transmission  cases  in  process  to  meet  pur 
maximum  production  requirements.     A  total  of  35  oper- 
ations  on    this    transmission    case    are    performed    bj     12 
men.    one    man    in    some    cases    covering    as    many 
machines  in  order  to  take  care  of  his  share  of  the  opera 
tions.    This  is  probably  one  of  the  best  illustrations  thai 
we  have  of  the  necessity   for  balancing  machining  ele 


■ 


Flo.  10 — Main  Link  of  A 

ments   in   progressive   manufacturing.      Incidentally,  the 
'if  machining  transmission  cases  diminished  20  per 
cent  \\ ith  this  installation. 

The  next  illustration,  Fig.  6,  is  similar  to  the  one  just 
explained  on  the  transmission-case  line.  The  rear-axle 
gearcase  is  carried  through  all  the  machining  operations 
and  i-  delivered  to  the  starting  end  of  the  axle-assemliling 
line.  The  most  important  point  accomplished  here  was 
a  very  material  reduction  of  the  number  of  castings  in 
process,  ae  well  as  a  considerable  reduction  in  thi 
of  labor  on  84  'l<<    various  operations  being  prop 

erly  balanced.     There  are,  of  course,  a   large  number  of 
places  throughout  the  plant  where  gravity  convi 
employed   for  the  handling  of  I  ween  depart  n 

and  between  machines,  but  it  is  not  necessary  to  di 

in    detail    at    thej    are   similar    to   the   examples   al- 
ready shown. 
The  next  type  of  conveyor  that  enters  into  the  discus- 
o  elled  type,  on  which  all  opera; 
are  performed  on  the  Fig.  7  show    a  straight- 
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Fig.   11 — Front- Axle  Assembly  Conveyor 

line  power-driven  chain  conveyor  for  the  assembling  of 
transmissions.  This  conveyor,  in  its  operation,  resem- 
bles a  long  moving  bench  on  which  are  carried  a  number 
of  duplicate  fixtures  that  will  accommodate  the  trans- 
missions in  each  of  the  assembly  positions.  The  trans- 
mission case  is  placed  in  the  assembly  fixture  at  the  far 
end  of  the  conveyor  and  the  various  parts  are  assembled 
into  it  as  it  proceeds  along  the  length  of  the  conveyor 
frame  until  it  reaches  the  delivery  end,  where  it  is  taken 
off  and  sent  to  the  engine-assembly  department.  The 
empty  fixtures  are  returned  underneath  the  conveyor, 
where  they  can  be  readily  seen  in  the  illustration.  The 
design  and  installation  of  this  conveyor  did  not  present 


Fig.   12 — Rear-Axle  Assembly  Conveyor 

any  particular  difficulties  except  that  the  assembly  fixture 
had  to  be  made  to  fill  a  number  of  different  requirements. 
How  well  the  conveyor  fulfills  the  conditions  can  best  be 
indicated  by  the  fact  that  after  putting  it  into  opera- 
tion we  found  that  we  could  produce  our  maximum 
schedule  with  50  fewer  transmissions  in  process  and  with 
18  per  cent  less  labor-cost  than  before. 

It  might  be  well  to  state  at  this  point  that  we,  at  least, 
believe  that  one  of  the  most  important  points  to  be 
gained  «by  the  use  of  conveyors  of  this  type  for  assem- 


bling purposes  is  that  the  department  foreman  knows  in 
advance  exactly  what  his  production  will  be  at  the  end 
of  the  day,  a  fact  of  which  he  is  most  certainly  ignorant 
when  conveyors  are  not  used. 

The  engine-assembly  conveyor,  shown  in  Fig.  8,  con- 
sists of  a  U-shaped  conveyor,  on  which  the  crankcase- 
assembly  operations  are  performed  on  the  right  leg  and 
the  other  operations  on  the  left  leg,  the  two  legs  travel- 
ing in  opposite  directions.  Both  conveyor  lines  are 
driven  from  a  single  drive-head  so  that  there  is  no 
trouble  in  maintaining  synchronism  between  the  two 
lines.  Some  of  the  operations  performed  in  assembling 
our  engines  require  the  use  of  an  assembly  jig  in  which 
the  engines  can  be  inverted,  as  is  clearly  shown  in  Fig. 
8.    These  jigs  are  the  result  of  several  years  of  develop- 


Fig.  13 — Axle  Washing  and  Loading  End  of  Axle  Paint  Conveyor 

ment  and  were  in  use  for  some  time  before  the  conveyor 
line  itself  was  installed.  This  conveyor  is  a  good  exam- 
ple of  the  simplicity  of  applying  the  conveyor  idea  to  the 
average  well  equipped  assembly  unit.  In  our  case  it  was 
necessary  only  to  lay  the  channels  and  install  the  drag 
chain  and  driving  end  to  complete  the  job.  No  difficulty 
whatever  was  experienced  in  putting  the  conveyor  into 
operation,  and  the  men  along  the  line  seemed  to  appre- 


Fig.    14 — Spray   Station   on   Axle    Paint   Conveyor 
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-  no  longer  necessary  to  drag 

11  station  to  station.     Here  again 
realize  a  reduction  of  15  per  cent  in  the 
labor  cost  of  building  engines. 

When  the  assembled  engine  was  delivered  from  the  end 
of  t'r  ly  line  it  was  our  practice  to  use  two  move- 

men  to  transport   it  to  the  engine  conveyor  that  runs 
..lei  to  the  en  -•  mbly  line  in  an  adjacent  de- 

partment. This  resulted  in  a  considerable  strain  on  the 
truer  ry  often  in  an  accident,  in  which  the  engine 

would  be  upset,  with  the  danger  of  serious  injury  to 
one  of  the  movemen.  Fig.  9  shows  a  simple  monorail 
installation  with  an  electric  hoist,  over  which  the  engines 
are  now  moved,  it  being  necessary  to  employ  only  one 
man  and  with  entire  safety  to  him. 

Arrangement  to  Allow  Proper  Functioning 

In  considering  the  arrangement  of  our  plant  that  was 

necessary  to  allow  the  conveyor  equipment  to  function 

properly,  we  decided  to  make  a  new  department  for  the 

manufacturing  of  all  parts  requirerl   for  both  front  and 

;>.!>•-.     This  department  was  located  where  the  sev- 

mbling  operations  on  both  front  and  rear  B 

I  along  oppo  a  long  single- 
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chain  conveyor,  shown  in  Fig,  10.    This  conveyor,  by  the 

way,  is  the  only  example  of  ■  power-driven  conveyor  th;it 
we  have  in  our  plant  whose  only  function  is  the  moving 
of  the  work  between  machine  operations;  and  it  may  be 
well  to  state  at  this  time  that  1  still  believe  the  state- 
ment, which  I  made  earlier  in  the  paper,  that  ordinary 
gravity   means   of  sliding   these   parts   along   would   have 

functioned  as  well  as,  if  not  better  than,  the  power- 
driven  conveyor.  However,  we  have  allowed  this  con- 
veyor to  remain  because  we  did  not  have  so  much  dilli- 
Ctllty  in  Synchronising  the  operations.  The  axles  are 
built  on  this  conveyor  only  so  far  as  is  shown  in  the  illus- 
tration. For  the  rest  of  the  operations  they  are  removed 
from  the  conveyor,  the  trout  axle  on  one  side  and  the 
rear  axle  on  the  other,  and  carried  by  a  small  overhead 
trolley  to  a  station  at  the  starting  end  of  what  we  call 
the  final-axle-assembly  conveyors.  Fig.  11  shows  a  con- 
i'  of  this  type  on  which  the  operations  of  assembling 
connecting-rods,  steering-knuckles  and  the  like  are  per- 
formed. This  is  a  double-chain  type  of  conveyor  having 
heavy  steel  plates  for  cross  members,  which  are  so  made 
in  order  to  resist  the  heavy  hammering  that  is  neces- 
sary in  assembling  the  springs  into  the  spring-clips  and 
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17 — Sbcono   Level,  of  Bodt   Trim    Line 

aligning  the  springs  before  finally  bolting  them  into 
place.  The  speed  of  this  conveyor  is  synchronized  with 
thai  of  the  conveyor  shown  in  Fig.  10  so  that  there  is  no 
surplus  of  axles  between  the  two.  The  completed  axle 
is  removed  from  the  conveyor  by  the  overhead  hoist, 
shown  in  the  foreground,  and  is  fed  directly  into  the 
washing  machine,  where  it  is  washed  preparatory  to 
painting.  The  inspection  operations  of  both  the  front 
and  the  rear  axles  are  conducted  directly  on  the  ends  of 
the  assembly  conveyors.  Fig.  12  shows  the  rear-axle 
conveyor,  upon  which  the  final-assembly  operations  are 
performed.  Hire  again  the  conveyor  is  made  extremely 
heavy  to  withstand  the  heavy  pounding  necessary  for  the 
■  -.I,]',  operations.  The  axle  in  this  case  is  moved 
lengthwise  along  the  conveyor,  instead  of  crosswise,  for 
the  operators'  convenience  in  performing  tin-  assembly 
operations.    This  conveyor  also  delivers  the  axle  directly 

ead  line  thai   transports  it   to  the  wa  I 
machine,  which  can  be  seen  at  the  extreme  lefl   of   Fig. 
\'>.     Fig.  18  shows  thi  nachine  through  which 

pa    ,  a     W(  il  ai    the  feed  and  delivery  end 
the  axle  paint   conveyor.     Axle    are   removed   from  the 
end  of  the  washing  machine  by  an  electric  hoist, "and  are 
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hung  directly  on  the  carriers  of  the  conveyor.  They  are 
moved  along  this  conveyor  to  the  right,  to  the  spray 
booth  shown  in  Fig.  14,  where  they  receive  a  heavy  'coat 
of  paint,  then  through  this  spray  booth  to  the  end  of 
the  room  and  back  in  a  parallel  line  on  the  other  side  of 
the  post  line.  The  arrangement  of  the  axle-paint  con- 
veyor as  a  whole  can  best  be  seen  in  Fig.  15,  which  shows 
the  axles  returning  from  the  end  of  the  room  after  the 
paint  has  been  applied  to  them.  The  axles  are  unloaded 
at  this  point  and  are  transported  by  trucks  directly  to 
the  chassis-assembly  line,  which  is  on  the  same  floor  as 
the  axle-manufacturing  unit.  By  concentrating  the 
manufacture  of  axle  parts  and  finished  axles  into  one 
unit  we  avoid  a  large  amount  of  stock-moving  of  very 
bulky  parts  that  gave  considerable  trouble  under  the  old 
method.  We  have  obviated  the  principal  excuse  offered 
by  the  several  foremen  interested  in  the  manufacture 
of  axles  and  parts  by  putting  the  entire  manufacturing 
unit  in  one  location.  There  can  be  no  excuse  for  the 
shortage  of  some  part  manufactured  elsewhere  in  the 
plant,  inasmuch  as  all  parts  are  manufactured  in  this 
one  room,  and  a  more  uniform  production  of  axles  is 
obtained.      We    experience    no    trouble    in    meeting    the 


Fig.   18 — Floor  Level  of  Body  Trim   Line 

maximum  production  requirements  and  could  build  more 
axles  if  they  were  needed.  We  have  reduced  the  actual 
number  of  axles  in  process  by  about  500,  including  fronts 
and  rears,  and  aside  from  reducing  the  moving  cost  we 
have  lowered  the  actual  manufacturing  cost  of  axles  by 
15  per  cent.  The  operation  of  this  conveyor  leaves  no 
doubt  whatever  in  our  minds  as  to  the  practicability  of 
the  unit  system  of  manufacture,  for  a  large  portion  of 
the  parts  involved,  even  in  plants  of  the  capacity  of  ours. 

Handling  the  Trimming  of  Bodies 

One  of  the  most  interesting  installations  recently  made 
is  a  conveyor  for  handling  the  trimming  of  open  bodies. 
Fig.  16  shows  the  first  stage.  The  conveyor  itself  is 
divided  into  three  stages,  each  located  on  a  different 
level,  the  elevation  of  the  body  being  fixed  according  to 
the  needs  of  the  operations  being  performed  on  it  at  that 
particular  point.  The  first  section  is  elevated  24  in. 
above  the  floor  and  brings  the  body  to  the  proper  height 
for  such  operations  as  installing  the  wiring  back  of  the 
dash,  putting  in  the  buttons  for  side-curtains,  and  the 
like.  You  will  notice  that  the  conveyor  line  is  free  from 
crosswise   obstructions   so   that   the   operator   can   work 


•J     ,  ■ 

1  *  ^5 

Fig.  19 — The  Axle  Loading  Station* 

inside  the  bcdy  with  his  feet  on  the  floor  without  danger. 
The  body  is  loaded  on  the  starting  end  of  the  conveyor 
with  a  small  electric-hoist  and  travels  the  entire  length 
of  the  conveyor  line  mounted  on  a  low  four-wheel  truck, 
which  can  be  seen  in  the  illustration.  On  the  second 
elevation,  which  is  shown  in  Fig.  17,  the  body  is  brought 
down  to  a  height  of  about  10  in.  above  the  floor,  for  the 
convenience  of  the  trimmers  who  must  necessarily  work 
over  the  rear  end  of  the  body  and  over  the  sides.  A  false 
floor  was  built  around  this  conveyor  line  to  bring  the 
operator  to  the  proper  level  in  order  to  avoid  cutting 
through  the  floor  for  the  return  chain.  This  idea  was 
simply  an  expedient  to  avoid  a  complication  of  local  con- 
ditions where  the  return  chain  would  have  had  to  pass 
over  the  top  of  one  of  the  railroad  tracks  that  enter  the 
building  on  the  floor  below.  The  first  and  second  sec- 
tions of  the  body-trim  conveyor  are  driven  from  a  single 
unit  through  bevel  gears,  the  shaft  of  which  can  be  seen 
in  the  foreground  of  Fig.  17.  Building  the  top  directly 
on  the  body  required  that  the  body  be  carried  as  close  to 
the  floor  as  possible.  The  way  in  which  this  was  accom- 
plished is  shown  in  Fig.  18.  You  will  notice  that  the  body 
truck  travels  in  an  open  space  between  adjacent  flights 
of  slat  conveyor  so  that  there  is  actually  no  opening  in 
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any    point   around   the   body,   although    the 

continually  moving  forward  at  the  desired  rate. 

-ary  to  build  this  type  of  moving  Boor  to 

protect  the  top-builders  who.  of  course,  must  work  at  all 

points   around  the  body.     The    bodies,   with   the   same 

trucks  on  which  they  traveled  the  length  of  the  convi 

travel  by  gravity  around  a  curve,  which  is  at  the  rear  of 

this  illustration,  and  feed  into  the  openings  between  the 

inter.  nveyor.     It   is   necessary,  of  course, 

•  ; nt  for  the  trimr:  guide  the  body  so  that 

it  will  be  picked  up  properly  by  the  driving  edge  of  the 


.  um> 


reyor.    This  driving  edge,  which  is  protected  by 
an  angle-iron   binding,  drives  directly   against 

ruck.     In  the  foreground  is  shown  the  end 

of  the  top-building  line  where  the  body  is  delivered  com- 

■>r  loading  on  the  chassis.     The  method  "f 

lifti:  track  the  opening         the  i  bannel 

hown 
irly   by  the  n   eithei  the 

Ige  of  the  convi 
ick  i    ■  ■   '  ■ 
the  the  gap  in  this  way.      From   thi- 


point  they  are  pushed  to  the  loading  deck  which  is  di- 
rectly adjacent   to  this  point. 

The  chassis  and  final-car  conveyors  arc  the  largest 
that  we  have,  and  have  been  in  operation  tin'  longest. 
The  chassis  conveyor,  as  it  is  nuu  operated,  is  in  the 
form  of  an  1..  The  starting  end  oi  the  line  is  shown  in 
Fig.  19,  At  this  point  the  sill  assembly  is  mounted  on 
the  chassis  truck  and  the  axles  are  tit  ted.  Fig.  _'o 
shows  the  corner  of  the  1..  tin'  point  at  which  the  engine 
is  mounted.  From  this  point  forward  the  chassis  travels 
in  a  straight  line  to  the  point  where  the  body  is 
loaded.  Fig.  21  is  a  view  of  the  chassis  line  taken  from 
the  end  opposite  to  that  of  Fig.  120.  that  is.  looking  toward 
the   point    where  the  engine   is   loaded,   and   shows    in   the 

ground  a  chassis  that    is   ready  to  enter  tin-  body- 
loading  station.     The  trucks  on  which  it   has  traveled  up 


Pio.   -'■'■     Starting   End  or  Finished  Cab  t.i.sk 

to   this   time   are  at   present   removed   by    the    inclined 

channels  shown,  but  this  arrangement  is  only  temporary, 
and  we  plan  to  keep  the  chassis  on  the  truck  until  after 
the  body  has  been  loaded  and  the  car  is  ready  for  de- 
livery to  the  final-car  line.  The  original  chassis-layout 
was  somewhat  different  from  the  present  L-shaped  ar- 
cane "mil  of  the  larger  number  of  operations 


y 

all 

"  =""9  £9     PJUL  J  lav 

fVTB^TaK  V       BalaFW-^       ^^aflaaB 

Fig.    24 — I"  I  Car   I. ink 


Vol.  XIII 


November,  1923 


No.  5 


CONVEYOR  EQUIPMENT  IN  A  SMALL  PLANT 


365 


that  were  necessary  when  this  installation  was  first  made. 
A  very  good  idea  of  the  relative  locations  of  the  chassis, 
engine  and  final-car  lines  may  be  obtained  from  Fig.  21. 
The  chassis  line  is  traveling  in  the  opposite  direction  to 
that  of  the  other  two  lines.  Fig.  22  is  a  view  of  the  one 
section  of  the  old  chassis-line  that  has  since  been  re- 
moved, the  change  in  layout  resulting  in  the  shortening 
of  the  travel  of  the  chassis  during  building  by  several 
hundred  feet,  and  in  reducing  considerably  the  number 
of  chassis  in  process,  while  at  the  same  time  making 
available  about  5000  or  6000  sq.  ft.  of  additional  manu- 
facturing space. 

The  Final-Car  Line 

From  the  end  of  the  chassis  line,  after  the  body  has 
been  loaded,  the  car  is  moved  by  a  small  transfer-car 
directly  to  the  entering  end  of  the  final-car  line,  shown 
in  Fig.  23.  This  photograph  also  shows  the  relative 
location  of  the  engine-conveyor  line,  which  supplies  en- 
gines to  the  proper  point  along  the  chassis  line.  The 
final-car  and  engine  conveyors  are  both  of  the  belt  type, 
the  cars  progressing  on  the  belt  without  their  wheels 
revolving.  This  type  of  conveyor  was  originally  chosen 
to  allow  certain  drilling  operations  to  be  performed 
through  the  spokes  of  the  wheels,  and  has  given  remark- 
ably little  trouble  considering  the  extremely  heavy  load 
that  it  carries.  Although  it  has  been  difficult  at  times  to 
maintain  a  uniform  rate  of  speed  on  this  conveyor  on  ac- 
count of  variations  in  the  tension  of  so  long  a  belt  occa- 
sioned by  changes  in  weather  conditions.  Fig.  24  shows 
the  delivery  end  of  the  final-car  and  engine  lines.  Much 
might  be  said  with  reference  to  the  advantages  of  using 
conveyors  for  chassis  and  final-assembly  work,  but  I  be- 
lieve we  all  appreciate  just  what  it  means  to  any  manu- 
facturer who  installs  a  conveyor  system,  in  eliminating 
the  delays  occasioned  by  stock  shortages,  inability  to 
keep  the  floor  well  arranged  and  the  impossibility  of 
predicting  exactly  the  rate  of  production  that  can  be 
obtained  from  the  department.  In  our  case  the  conveyor 
equipment  has  paid  large  dividends,  and  since  its  installa- 
tion we  have  operated  with  nearly  40  per  cent  less  labor- 
cost  than  before. 

Practically  all  the  conveyor  illustrations  shown  have 
been  installed  within  the  last  year,  with  the  exception 
of  the  chassis  and  final-car  conveyor-lines.  We  are  abso- 
lutely "sold"  on  the  idea  that  conveyors  can  be  made  to 
pay  dividends  even  with  a  production  such  as  ours,  and 


Fig.   25 — A  New   Line  for  Final  Inspection  of  Cars  Just  Being 
Installed 

are  still  making  careful  studies  of  other  departments 
with  the  idea  of  installing  additional  conveyor  equipment 
of  some  sort. 

We  are  making  one  extensive  installation  at  this  time,, 
which  is  not  yet  ready  for  operation,  for  handling  the 
finished  cars  through  the  final-inspection  and  touch-up 
operations.  The  present  condition  of  this  conveyor  is 
shown  in  Fig.  25.  It  is  simply  a  drag-chain  conveyor 
about  360  ft.  long,  which  will  be  provided  with  the  neces- 
sary stations  throughout  its  length  for  handling  the 
operations  required. 

I  simply  mention  this  in  passing,  in  order  to  impress 
upon  you  the  idea  that  although  our  experience  with 
conveyor  equipment  has  been  short,  we  are  convinced 
beyond  a  doubt  that  it  pays  and  pays  well. 


ACCIDENT  PREVENTION 


THE  day  has  gone  by  when  safety  work  was  considered  an 
humanitarian  fad;  the  experience  of  employers  who  have 
undertaken  it  along  rational  lines  proves  too  plainly  that  it 
is  good  business.  Gone  by,  too,  is  the  day  when  its  economic 
value  was  measured  solely  in  terms  of  damages  or  compensa- 
tion saved,  or  lessened  insurance  cost.  Considerable  as  the 
direct  costs  of  accident  may  be  they  are  much  more  expensive 
to  an  employer  through  the  lost  time  of  the  injured  men, 
through  the  interruption  of  the  work  of  others  caused  by  ac- 
cidents, through  the  waste  of  material  and  the  spoiling  of 
product  by  new  men,  through  their  lessened  production  and 
through  the  time  of  foremen  or  others  diverted  for  their  train- 
ing. All  such  interferences  with  the  ordinary  course  of  a 
plant's  work  cause  a  loss  in  efficiency  that  is  distinctly  meas- 
uiable  in  dollars  and  cents.  And  the  overhead  expenses  are 
running  along  just  the  same,  but  without  the  same  degree  of 
offset  as  had  the  accidents  not  occurred. 

Not  only  does  safety  work  cut  down  the  loss  in  efficiency 
due  to  accidents  but  it  tends  to  increase  output.  The  less 
time  a  workman  has  to  devote  to  avoiding  injury,  the  more 


he  has  to  give  to  production.  And  the  spirit  of  cooperation 
among  workmen  developed  by  organized  efforts  is  also  plainly- 
reflected  in  a  greater  interest  in  their  work. 

Another  costly  feature  of  accidents  is  found  in  the  part 
that  they  play  in  labor  turnover,  that  apt  expression  for  the 
opposite  of  a  stable  working  force.  Every  employer  knows 
how  expensive  this  turnover  is;  how  important  it  is  to  the 
general  efficiency  of  his  plant  to  keep  his  labor  force  as  intact 
as  possible.  The  influence  of  safety  work  on  labor  turnover 
through  lessening  the  number  of  employes  injured  and 
through  promoting  better  relations  between  employer  and 
employed  is  especially  needed  at  this  time  when  labor  condi- 
tions still  react,  even  at  this  late  date,  to  the  disturbing 
effects  of  the  war. 

When  we  stop  to  consider  these  varied  ways  in  which  the 
prevention  of  accidents  is  of  importance  to  industry,  we  can- 
not fail  to  appreciate  the  real  value  of  accident  prevention  in 
industry  and  feel  a  responsibility  for  seeing  that  an  efficient 
safety  organization  is  producing  results  in  our  plants. — - 
David  Van  Schaak  in  American  Industries. 
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P  largely  dependent  on  the  human  ele- 

ment, which  is  called  by  different  terms  according 
■fl  degree  of  intelligence  expected   from   persons  of 
rent  ranks;  varying  from  ordinary  stupidity  anion*: 
low  intelligence  to  the  "errors   of  judgment" 
Higher  up,  it  has  been  defined  as  a  "temporary 
lack  of  application  of  one's  attention   to   the   thing  at 
hand,"  and  its  effeit  on  workmen  of  various   tempera- 
ments is  to  lower  production.     Concentration  is  shown 
to   be   the   central   truth   and   the   cause    of   one   man's 
another.     When  supplied  with  -an   incen- 
.   such   as   that   of  feeling   that   he    is   working   for 
himself,  a  workman  will   concentrate   his  attention   in 
*ork   with  profit   both  to  himself   and   to   his   em- 
Hut  apparently  insignificant  things  preying  on 
mind  will  often  cause  a  lack  of  concentration.    Edu- 
cation is  an  endless  process  of  growth  and  accomplish- 
ment.   The  motive  back  of  the  desire  for  a  college  edu- 
cation is  the  gathering  of  a  fund  of  knowledge  and  ex- 
perience that  will  enable  one  to  cope  better  with  the 
problems  of  life.     A  going  manufacturing  company  of- 
fers   real   problems    for   solution    and   obstacles    to   be 
overcome.     Every  job  can  be  made  a  training  school  of 
experience  if  the  holder  will  make  it  so;  the  production 
game  furnishes  everything  necessary  for  growth.     In- 
ertia is  the  gTeat  obstacle,  while  autosuggestion,  on  the 
other  hand,  is  of  great  assistance  in  instilling  spirit  into 
one's   work.      The   determination    continually    to    learn 
something  new,  to  overcome  all  obstacles  and  to  take 
advantage  of  opportunities  that  are  presented  will 
only  make  the  time  pass  quickly  but  will  also  increase 
efficier, 

THE  human  element  has  always  been  ana  neces- 
sarily always  will  hie  a  most  vital  factor  in  every 
undertaking  that  marks  the  progress  of  civiliza- 
tion. Production  is  one  thing  that  surely  has  an  influence 
on  the  world's  progress.  We  need  offer  no  apology,  then, 
for  considering  the  human  element  in  its  relation  to 
production  in  general  and,  more  specifically,  to  the  high- 
powen-d  production  of  the  automotive  industry.  But 
bef'  asider  this  subject  let  us  at  first  make  sure 

that  we  have  a  common  understanding  as  to  what  is 
meant  by  the  expression  "human  element."  By  reference 
to  tbi  •        files  of  any  concern  that  purcht 

I   material   from  outside  sources,  you  will  find 

the  term  used  with  reckb  m,  with  the  apparent 

belief   that    it    is   a   complete   and    satisfactory    alibi    in 

which  the  product  does  not  measure  up 

-Ion  at  times  is  also  considered  somewhat 
with  a  lower  grade  or  less  intellig' 

•  ike,  as  its  influence  is  felt 
fron  ranks  to   the   highest.      We   use   such 

tern  ■  :'  judgment"  when  thinking  of  the  scmi- 

exe<  :ul  is,    and    when    we    get    into   the    executive 

■jch  thin;-  ted,  if  we  ai 

Elb*rt  Hubbard's  definition  of  an  •  who 

mak<--   quick  ns  and  is  sometimes  right." 
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Tracing  back  the  more  common  interpretation  of  the 
meaning  of  the  term  "human  element."  we  find  it  to 
be  a  temporary  lack  of  application  of  one's  attention  to 
the  thing  at  hand;  and  the  attitude  of  one's  mind  is 
the  controlling  feature  that  directs  one's  attention  to 
the  thing  at  hand.  Far  too  little  consideration  has  been 
given  to  this  subject  in  the  case  of  the  ordinary  work- 
man while  he  is  on  the  job,  yet  much  depends  on  just 
that.  We  have  overlooked  the  possibilities  of  training 
the  mind  behind  the  man;  much  as  man  overlooks  nature 
in  her  majestic  moods.  We  see  the  sun  rise  and  the 
lightning  flash,  and  hear  the  thunder  roll,  but  we  are 
blind  and  deaf  so  far  as  being  impressed  by  such  won- 
ders is  concerned.  Our  sensibilities  become  calloused 
toward  an  oft-repeated  occurrence.  We  have  thought 
of  workmen  as  so  many  hired  hands  for  so  long  that  we 
have  thought  ourselves  into  expecting  no  more  than  their 
hands;  and  in  too  many  instances  they  reciprocate.  We 
have  made  motion  studies  of  hands  and  have  accom- 
plished wonderful  results  from  a  production  standpoint, 
but  are  there  not  still  greater  results  to  be  obtained  by 
cultivating  more  than  the  machine  side  of  the  man? 

It  is  fully  granted  that  there  are  a  host  of  workmen 
who,  from  observation,  show  no  tendency  or  inclination 
to  exhibit  any  more  than  a  machine  side,  and  much 
credit  is  due  those  systems  which  utilize  this  phase  of 
human  energy  in  bringing  about  a  high  state  of  effi- 
ciency in  production;  but  considerable  additional  cost 
goes  hand-in-hand  with  such  methods  of  production,  an 
instance  of  which  may  be  cited  in  the  fact  that,  in  order 
to  guard  against  a  possibly  defective  piece's  entering  a 
or  main  assembly,  the  items  composing  that  assembly 
must  have  100  per  cent  inspection;  and  many  inspection 
"["rations  require  more  than  the  machine  side  of  a  man. 
Estimate,  then,  the  cost  of  inspection  in  an  automobile- 
plant,  taking  into  consideration  the  fact  that  numerous 
items  can  be  handled  and  placed  in  assemblies  in  less 
time  than  it  would  take  to  handle  a  single  item  for  in- 
spection. The  number  of  inspectors  required  would  be 
practically  equivalent  to  the  number  of  employes  in  the 
production  force. 

Importance  of  Right  Thinking 

We  find,  however,  that  the  majority  of  workmen  are 
capable  of  thinking,  and  that  fact  in  itself  lends 
(  ouragement  to  the  proposition  of  coaching  them  to  think 
rightly.  Furthermore,  it  is  surprising  how  readily  men 
will  respond  to  treatment  of  this  nature.  We  cannot 
deny  that  a  man  who  takes  an  interest  in  his  job  and 
applies  himself  to  it  will  turn  out  better  work  with 
fewer  mistakes  and  a  larger  output.  There  are  plenty 
of  good  men  who  take  an  interest  in  their  work  when 
they  apply  themselves  to  it,  but  the  difficulty  lies  in 
getting  them  to  apply  themselves  consistently;  yet  it  is 
not  so  difficult  after  all  if  the  proper  methods  are  used. 
We  can  hardly  fail  to  recognize  that  civilization  is  fast 
drifting  into  a  new  epoch  of  thinking.     Many  teachers 
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are  spreading  various  gospels  among  the  people.  The 
Hindoo,  with  his  "Peace,  Peace,  Peace,"  is  taking  hold 
of  the  minds  of  many,  but  when  we  strip  these  various 
movements  and  teachings  of  their  commercializing  cloaks, 
we  find  that  one  central  truth,  though  perhaps  expressed 
in  different  terms,  lies  at  the  heart  of  all.  In  fact,  this 
central  truth  can  be  expressed  in  one  word,  Concentration. 
Though,  at  first  thought,  there  may  seem  to  be  little  con- 
nection between  concentration  and  the  human  element 
in  production,  let  us  see  if  we  cannot  prove  the  following 
assumptive  facts  to  be  not  only  real  facts,  but  sound 
working  principles  that  can  be  proved  in  actual  practice. 

(1)  Every  man  has  a  great  storehouse  of  latent  power 
and  energy,  the  key  to  the  door  of  which  is  con- 
centration 

(2)  When  a  man  begins  to  draw  on  the  storehouse  of 
energy  that  he  possesses,  his  work  and  efforts 
£tand  out  above  his  fellow-workman's  in  remark- 
able contrast 

(3)  It  is  possible  to  teach  any  man  how  to  use  the 
key  of  concentration,  but  he  is  not  likely  to  use  it 
unless  he  has  an  incentive  to  do  so 

(4)  Of  all  incentives  the  most  productive  and  most 
lasting  is  the  feeling  that  one  is  working  for  him- 
self 

(5)  It  is  possible  for  a  man  to  become  saturated  with 
the  thought  that  he  is  working  for  himself  while 
on  the  payroll  of  his  employer,  with  profit  to  both 
as  the  result 

(6)  It  is  easy  to  sell  men  to  the  foregoing  principles 
but  to  keep  them  sold  requires  repeated  efforts  on 
the  part  of  the  salesman  who  himself  must  first  be 
permanently  sold 

(7)  In  the  production  field  under  present  conditions 
the  foremen  are  the  logical  salesmen,  and  they 
themselves  should  keep  each  other  permanently 
sold  by  get-together  meetings  for  this  special  pur- 
pose 

In  order  to  grasp  fully  the  import  of  the  first  asser- 
tion, we  must  digress  for  the  moment  from  things 
mechanical,  and  border  on  the  realm  of  what  some  might 
term  religion,  while  others  would  term  it  universal  law-. 
Terminology  means  little,  as  is  illustrated  in  a  verse  or 
two  from  Dr.  Carruth's  poem,  entitled  "Each  in  His 
Own  Tongue:" 

A  fire-mist  and  a  "planet, 

A  crystal  and  a  cell, 
A  jelly-fish  and  a  saurian, 

And  caves  where  cavemen  dwell; 
Then  a  sense  of  law  and  beauty 

And  a  face  turned  from  the  clod — 
Some  call  it  Evolution, 

And  others  call  it  God. 

A  picket  frozen  on  duty, 

A  mother  starved  for  her  brood; 
Socrates  drinking  the  hemlock, 

And  Jesus  stretched  on  the  rood; 
And  millions  who,  humble  and  nameless, 

The  straight  hard  pathway  trod: 
Some  call  it  Concentration, 

And  others  call  it  God. 

Development  of  Well  Balanced  Brain 

Science  teaches  us  that  there  are  43  distinct  brain 
areas  or  faculties.  These  centers  can  be  developed  into 
an  active  state  or  they  may  be  left  dormant.  The  greater 
the  number  of  brain  areas  we  live  in  and  the  more  evenly 
balanced  their  capacity,  the  more  capable  we  are,  but, 
as  a  matter  of  fact,  there  is  not  a  perfectly  sane  man 
on  the  face  of  the  earth.    We  are  all  lop-sided  in  some  of 


our  faculties.  Concentration,  then,  is  the  directing  of 
the  blood  to  the  various  brain  centers  at  will  and  the 
shutting  out  completely  of  everything  else,  except  the 
thing  we  wish  to  center  our  attention  on.  If  it  were  easy 
to  do  this  to  a  marked  degree  we  can  hardly  estimate 
the  power  and  force  that  would  be  at  our  command. 
We  could  tap  the  reservoirs  of  universal  knowledge 
through  our  subconscious  minds.  But  this  must  remain 
a  dream  at  our  present  stage  of  development,  though 
a  dream  not  incapable  of  realization  in  a  not  far  distant 
generation. 

Let  us  return  to  earth  then  and  see  what  even  the  first 
steps  in  this  direction  will  do  for  the  shop  workman. 
Here  is  a  man  at  a  bench,  with  nothing  particular  on 
his  mind.  His  hands  have  moved  in  certain  directions 
often  enough  to  have  acquired  a  habit  to  some  extent. 
His  mind  is  like  a  sensitized  camera-plate,  subject  to 
impressions  from  any  angle.  Thoughts  fly  in  and  out 
of  his  mind  at  random,  any  one  of  which  may  remain 
just  long  enough  to  create  a  mood,  which  is  nothing  more 
than  an  impression  taking  a  permanent  set  for  the 
time  being;  and  we  know  what  moods  will  do  and  how 
they  are  reflected  in  one's  work.  Perhaps  some  word  of 
profanity  from  a  nearby  fellow  workman  fell  on  his  ear 
early  in  the  morning,  but  it  was  enough  for  a  slight 
impression  of  dissatisfaction  to  gain  weight,  and  in  a 
short  time  everything  is  "all  wrong"  and  that  feeling  of 
"to  hell  with  this  job"  shows  up  in  his  w-ork. 

Such  uncontrolled  thinking  and  misdirected  energy 
are  the  unknown  quantities  of  the  day's  production, 
because  of  which  poor  workmanship  occurs  and  for 
wThich  the  human  element  gets  the  blame.  But  next  to 
this  workman  is  one  that,  by  conscious  or  unconscious 
training,  has  learned  not  to  register  unwelcome  impres- 
sions. A  deaf  ear  is  turned  on  expressions  that  he 
knows  by  experience  would  change  a  constructive  into 
a  destructive  mood.  He  selects  the  thoughts  that  he 
allows  his  mind  to  dwell  on.  The  day's  output  from  such 
a  man  can  be  banked  on,  both  as  to  quality  and  quantity. 
The  boss  points  him  out  as  a  good  man.  His  name  is 
mentioned  frequently  when  reliable  men  are  wanted  for 
certain  operations.  Perhaps  a  more  responsible  position 
opens  up ;  again  his  name  is  mentioned  and  he  gets  an 
opportunity  to  advance.  This  is  every-day  experience 
and  takes  place  in  any  average  plant;  and  it  is  readily 
seen  that  the  one  mark  of  distinction  betwreen  the  two 
workmen  cited  is  the  fact  that  the  first  makes  no  at- 
tempt whatever  to  select  the  thoughts  that  he  allows 
to  occupy  his  mind,  while  the  second  concentrates  to 
the  extent  that  worthless  impressions  or  thoughts  are 
purposely  barred  from  registering  on  his  brain.  If 
just  this  amount  of  attention  paid  to  the  matter  of 
concentrating  one's  mind  on  the  thing  at  hand  will  pro- 
duce the  results  mentioned,  then  the  more  remarkable 
results  from  further  efforts  expended  can  be  little  ques- 
tioned, and  more  and  more  the  second  item  mentioned 
above  will  come  into  prominence  in  that  the  work  turned 
out  and  the  results  accomplished  by  the  man's  using 
this  method  will  stand  out  in  remarkable  contrast  to 
the  output  of  one  who  drifts  along  from  day  to  day, 
easily  impressed  by  every  passing  influence,  without  the 
stabilizing  effect  that  is  produced  by  an  active  faculty 
of  concentration.  Watch  any  man  work  whose  mind  is 
on  any  what-not  subject  foreign  to  his  work  and  no 
further  evidence  will  be  needed  to  convince  one  of  the 
truth  of  these  facts. 

The  third  point  in  the  hypothesis  is  the  necessity  for 
an  incentive  to  acquire  the  habit  of  concentrating.  There 
is  scarcely  a  thing  we  do  without  having  a  motive  behind 
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.d    incent 
I    would   l>e   no 
it   all.     A  motive   is   the  very 
oat    to    establish 
me.      There    was   a    motiv. 

rknian  referred  to  above, 
of  the  biggest  obstacles  in  the 
re. 

Inertia  the  Great  Obstacle 

Th  Inertia;    it    is    a    disease    with    many 

people  and  most   of  us  have  attacks  of  it.     The  desire 

••lakes  one  sluggish.     The 
-fy    that    desire    will    never    boost    nor 
improve   production.      Such   an    incentive   seldom    enters 
Tiind  of  anyone  working  for   himself.     If   it    d 

lure  will  be  lurking  at  the  door;   and 
:':ght  off  failure  would  counteract   the 
of  a  desire  for  inactivity.     This  brings   Ui 
■urth  point  that  working  tor  If  is  in  itself 

•-.derful  incentive,     I-   is,  perhaps,  the  most  power- 
ful and  lasting  of  all. 

Th-  -timulation  about  the  thought  of  working 

for  •  '   that  results  in  an  added  flow  of  energy 

and  il  suits;  and  that  is  what  is  wanted.     The 

imulation"    is    used    because    oftentimes    the 

thought  of  working  for  one's  self  is  a  greater  stimulant 

than   being  actually   in   business    for  one's 

Furthermore,    if  we   trace   back    the    real   motive 

behind  the  almost  universal  desire  to  have  a  busines 

•    shall  find  in  many  cases,  and  particularly 

among  the  working  class  in  the  production   ranks,   that 

in  attack  of  inertia  in  disguise.     They  bargain  with 

then  work  at  top-notch  speed,  in  the  anticipation 

life   of   ease    when    they    shall    have    accomplished 

And  again,  the  halo  around   the  thought 

•rking  for  one's  self  disappears  when  one  has  en- 

-  for  one's  self,  as  there  are  a  great  many 

••  met  that  are  not  taken  into  consideration 

:d.     The  individual  very  often  sees  only  a  rosy 

outcome.     The  pasture  beyond  the  fence  invariably  looks 

<-r  than  the  one  at  hand. 

The  actual  experience  of  working  for  o  with  its 

me,  together  with  the  reverses  with  which 

Tiust  me-  not  enter  into  the  propositioi 

our  fifth  step  makes  use  of  the  thought  of  working  for 

applied   in    an   entirely    different    manner. 

■.   to  the  most  important  and   far-reaching 

point  in  our  analysis.     The  very  nature  of  the  su'1 

de-rule  class;  hence  the  foregoing 

anal;  :.\y  a   brief  outline  leading   up  to   the   im- 

.nt  point  that  it  is  I  ■  in  we 

lividual  workman  the  spirit  of  working 

-  imself,  in  order  that  production  may  benefit  by  the 

•  'ing  from  that  spirit? 

tnand  for  on  is  becoming  more 

■    production  are  con- 

ip.     In  the  old  days  a  great   many 
ad  joy  in  i  res   in  their  work. 

this  in  tod  oduction  is  nol 

■     of   an;. 

limited.     Many  of  us 

irkman    alone   carried 

through  all  tl  ire  and  assembly, 

inci'  He 

handiw  the  responsibility, 

he  hi  elf;  and  no  man  can   hold  such  an 

thout   growing   and    forging   ahead 

f  a  number  of  incentives  that  have  gone  bv 


the  boards  with  the  introduction  of  new  production 
methods;  hence  the  necessity  for  a  workable  substitute; 
and  that  substitute  is  our  fifth  point.  Let  US  repeat  it: 
It  is  possible  for  a  man  to  become  saturated  with  the 

thought    that    he    is    working    for    himself    while    on    the 

payroll  of  bis  employer,  with  profit  to  both  as  the  result. 

The  true  motive  back  of  a  man's  desire  for  a  college 

education  is  the  gathering  of  a   fund  of  knowledge  and 

rience  that  will  enable  him  to  cope  better  with  the 

problems  and  obstacles  of  the  future,  with  the  hope  that 
such  training  will  pay  him  larger  cash  returns  when 
he  sets  out  to  make  a  mark  for  himself.  He  spends 
several  valuable  years  of  tfhie  and  good  money  for  this 
training.  The  stage  setting  in  college  is  necossarih 
artificial.  It  reproduces  as  closely  as  possible  conditions 
in  the  outside  world  and  teaches  the  student   how  to  act 

r  these  conditions.  The  student  goes  through  this 
period  of  training,  graduates  with  honors,  and  g<ys  out 
to   sell    himself   to    the   world.      Not   only   does   he   meet 

:.  lis  and  problems  that  were  not  reproduced  in 
college,  but  he  sees  a  vast  difference  between  the  real 
conditions  of  business  and  their  reproductions  in  college; 
quoting  Elbert  Hubbard  again:  "A  man  can  spend 
four  years  in  college  and  succeed  in  spite  of  it."  That 
would  seem  quite  severe  if  we  were  not  familiar  with 
Hubbard's  style.  We  do  know,  however,  that  success 
depends  entirely  on  the  man.  A  college  training  amounts 
to  nothing  in  some  men,  while  to  others  it  means  every- 
thing. 

Now  let  us  look  at  another  institution  located,  per- 
haps, next  door  to  the  college  institution.  It  is  a  going 
manufacturing  concern.  There  is  no  make-believe  in  its 
set-up.  Ileal  conditions  exist,  actual  problems  present 
themselves  for  solving,  numerous  obstacles  must  be  over- 
come. Our  first  thought  is:  What  a  wonderful  oppor- 
tunity for  training;  and  that  is  just  the  point;  it  is. 
Every  job  can  be  made  a  training  school  of  experience 
if  we  will  make  it  so.  Every  problem  we  face  and  m.i 
fits  us  better  to  meet  the  next  obstacle  just  as  the  young 
oak  tree  grows  stronger  with  each  storm  it  weathers; 
otherwise  it  would  never  become  the  mighty  oak. 
Hazards  improve  one's  game  of  golf.  When  our  efforts 
are  taxed  in  the  accomplishment  of  any  undertaking,  we 
can  accomplish  the  same  task  a  little  easier  the  next 
time  and  are  prepared  for  still  greater  tasks.  The  more 
we  do  the  more  we  can  do.  It  is  an  endless  process  of 
growth  and  accomplishment.  That  is  the  kind  of  train- 
ing course  industry  offers  to  anyone  who  accepts  it  in 
(his  light;  that  is  the  point  we  must  put  over  to  the 
workman.  Everything  necessary  for  our  growth  is  fur- 
nished in  the  production  game,  opportunities  to  solve 
problems  and   overcome  obstacles   that  we  could  not  go 

and   create   single-handed;   and   we  absolutely   must 
fight    battles    if    we    would    win    victories.      Think,   then, 
of  the  opportunity  every  workman  has  when  he  is  offered 
a    training   course   and,    instead   of  having  to   pay 
tuition,   I  tually   paid   real   money  for  attending  a 

real  school  of  real  opportunities. 

Vai.i  i    ot    Auto-Sugge.stion 

Try  to  conceive,  if  possible,  a  group  of  workmen  pass- 
ing the  time-clock  and  every  click  of  the  clock  releasing 
each  of  their  minds  the  following  auto-suggestion: 
"I  am  going  to  work  for  myself  today  by  learning 
thing  new  about  my  work.  Hill  Jones  has  a  harder  job 
I  have  and  I  am  going  to  find  out  what  he  knows 
that  [  <l<  take  it  from  me  that  from  now  on 

nothing  gets  by  me.  I  am  going  to  make  myself  capable 
of  handling  the  hardest  job  in   this  shop  and   handling 
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it  better  than  it  ever  has  been  handled.  I  am  going  to 
start  my  school  days  over  again  right  here  in  this  plant." 
What  do  you  suppose  would  happen  if  a  group  of  men  got 
a  spirit,  like  that  instilled  into  them?  Time  flies  when 
one  is  working  with  such  an  incentive,  and  there  is  a 
wonderful  sense  of  happiness  in  one's  work  when  there 
is  a  feeling  that  time  is  all  too  short  to  accomplish  what 
one  has  in  mind.  After  all,  education  and  experience 
are  about  the  biggest  assets  of  life,  and  education  is 
nothing  more  than  the  sum  total  of  sense  impressions 
made  on  the  brain.  To  realize  this  and  take  advantage 
of  every  opportunity  for  enhancing  our  education  is 
surely  working  for  one's  own  interests,  and  there  is  no 
job  that  does  not  offer  such  an  opportunity.  We  hear 
a  great  deal  about  loyalty  to  the  firm  for  which  we  are 
working,  but  that  is  putting  the  cart  before  the  horse. 
If  one  imbibes  the  thought  that  one  is  working  for  one's 
own  interests  and  considers  one's  own  development  pri- 
marily, the  company's  interests,  though  considered  as 
secondary,  are  taken  care  of  with  constantly  increasing 
efficiency.  The  two  are  inseparable,  each  depending  on 
the  other. 

These  principles  are  not  new.  We  simply  have  not 
taken  advantage  of  them  to  the  extent  that  we  could 
and  should  have.  They  have  been  and  are  being  applied 
here  and  there  to  a  limited  extent  either  consciously  or 
unconsciously,  and  you  can  measure  their  results  every 
time.  As  an  example  of  this,  a  department  head  came 
into  the  office  while  some  of  these  thoughts  were  being 
dictated.  He  left  the  office  without  stating  his  reason 
for  calling,  but  returned  later  to  say  that  his  first  visit 
had  been  to  request  help  on  a  certain  problem  but,  hear- 
ing about  the  advantages  of  hunting  for  problems  to 
solve  and  obstacles  to  overcome,  he  had  decided  to  go 
out  and  lick  the  proposition  himself;  he  returned  only 
to  state  that  it  had  "worked  like  a  charm."  Surely,  it 
will  work.  It  is  the  working  out  of  the  natui-al  law  of 
cause  and  effect,  but  there  is  another  force  which  seems 
to  work  in  opposition,  that  we  shall  put  in  question  form : 
Why  is  it  easier  to  form  bad  habits  than  good  habits? 
Perhaps  it  is  that  there  are  so  many  more  bad  habits 
than  good  ones.  On  the  same  basis  of  reasoning,  perhaps 
that  explains  why  so  much  work  finds  its  way  to  the 
scrap-heap,  there  being  only  one  right  way  to  turn  out 


a  job  compared  with  a  hundred  or  more  wrong  ways. 

Concentrating  on  the  fact  that  one's  job  is  a  school 
of  unlimited  possibilities  is  a  mighty  fine  habit,  pro- 
ductive of  untold  good,  but,  regardless  of  that  fact,  if 
that  attitude  of  mind  slips  away  from  us,  it  may  re- 
main absent  for  a  long  time,  or  until  some  person  or 
Incident  reminds  us  of  what  we  are  missing.  Hence  the 
occasion  for  the  last  two  statements  in  the  outline  sub- 
mitted, namely:  The  foreman  should  train  himself  to 
control  the  attitude  of  mind  of  his  men  while  he  him- 
self is  prevented  from  dropping  back  into  ruts  by  "con- 
stant reminder"  conferences  with  other  foremen. 

Once  more  let  us  quote  Elbert  Hubbard,  who  inci- 
dentally was  a  great  exponent  of  the  doctrine  of  finding 
joy  in  one's  work.  He  believed  in  certain  principles  of 
socialism,  but  stated  that  they  must  be  brought  about 
by  evolution,  instead  of  revolution.  This  is  likewise 
applicable  to  the  principles  herein  set  forth.  It  takes 
good  salesmanship  to  "put  across"  any  idea  to  a  group 
of  men  of  various  types  and  temperaments,  and  in  this 
case  it  should  not  be  attempted,  collectively  at  least, 
until  the  group  has  been  100  per  cent  "sold,"  indi- 
vidually, which  of  course  is  a  big  stake  to  hope  for.  The 
idea  has  been  worked  out  successfully  to  a  marked  degree 
by  the  foreman's  explanation  to  his  "key-men,"  who  in 
turn  act  the  principles  instead  of  preaching  them,  until 
development  is  noticed  and  opportunities  present  them- 
selves for  more  intensive   efforts   in  salesmanship. 

There  has  been  no  attempt  in  this  paper  to  give  an 
exhaustive  treatise  on  the  human  element,  as  the  sub- 
ject is  much  too  broad  for  even  one  phase  of  it  to  be 
covered  completely  in  this  manner,  but  the  aim  has  been 
only  to  outline  a  few  points,  with  the  hope  that  thought 
may  be  stimulated  toward  the  possibilities  of  utilizing 
more  of  a  man  than  is  usually  exhibited  on  the  surface 
while  he  is  on  the  job.  In  the  undercurrent  of  a  man's 
thoughts  are  emotions  which,  if  aroused,  will  release 
energy  tenfold  greater  than  that  usually  exhibited.  To 
bring  this  additional  capacity  to  the  point  of  expression 
requires  an  awakening  on  his  part  to  the  personal  gain 
to  be  derived  from  doing  so.  Personal  contact  is  pro- 
ductive of  results  in  bringing  this  about,  and  oppor- 
tunity lies  at  the  feet  of  the  foreman,  with  his  keymen 
as  part  of  the  scheme  for  accomplishing  it. 


APPLICATION  OF  RESEARCH 


OP  course,  intuition  has  its  value  and,  when  guided  by 
adequate  knowledge,  constitutes  the  distinction  between 
a  class  A  and  a  class  B  mind.  "We  are  poets"  was  the  claim 
made  at  a  mathematical  congress  many  years  ago,  and  it  is 
the  artistic  faculty  of  recognizing  and  selecting  among  al- 
most innumerable  data  those  of  prime  significance  that  con- 
stitutes the  distinction  between  the  scientific  thinker  and  the 
mere  "researcher"  who  does  the  hodman's  work  of  recording 
observations  and  measurements.  Indeed,  some  of  those  who 
have  made  really  serious  contributions  to  the  advance  of  sci- 
entific thought  have  not  themselves  been  anything  excep- 
tional as  either  observers  or  experimentalists,  and  the 
converse  also  holds.  Many  instances  could  be  adduced  in 
support  of  this  contention,  and  it  is  in  fact  generally  recog- 
nized that  many  more  men  are  fitted  to  contribute  to  scientific 
data  than  to  advance  scientific  thought. 

The  great  engineer  and  the  great  organizer  must  also  be 
gifted  with  intuition.  It  is  they  who  have  to  bridge  the  gap 
between  a   laboratory  experiment  and   its  practical  applica- 


tions. The  gulf  between  the  two  is  vast  and,  to  free  it,  other 
qualities  than  mere  mental  acuteness  are  demanded,  of  which 
perhaps  the  most  conspicuous  is  courage.  Pepys  tells  in  his 
Diary  of  some  acquaintance  who  ventured  and  lost  £20,000  ir. 
trying  to  improve  methods  of  coal  winning,  and,  to  come  to 
more  modern  times,  more  than  one  fortune  was  lost  in  practi- 
calizing  the  ammonia-soda  process  before  success  was  finally 
attained.  This  instance  is  in  itself  sufficient  to  show  the  lack 
of  foundation  for  the  statement  of  a  well-known  Oxford 
professor  to  the  effect  that  a  chemist  might  write  on  a  half 
sheet  of  note-paper  a  formula  that  would  keep  a  whole  com- 
munity in  affluence.  Neither  carbonate  of  soda  nor  sulphuric 
acid  can,  however,  be  produced  by  a  mere  paper  formula,  any 
more  than  a  steam  turbine  can  be  constructed  by  hitching  a 
table  of  the  properties  of  steam  to  a  prime-motion  shaft. 
Both  the  formula  and  the  table  may  be  of  great  potential 
value,  but  actually  to  realize  this,  much  has  to  be  risked  and, 
in  general,  much  lost  before  final  success  is  achieved. — 
Engineering. 
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I  .hat  an  out-of- round  surface  having   an 

even  number  of  high-spots   requires   a   checking  in- 
I  that  has  opposed  measuring  points;  and  that, 
•■  number  of  high-spots  on  the  surface   is  uneven, 
an  instrument  having  three-point  contact,  and  one  of  the 
points  of  contact   located   on    the   center   line   between 
the  other  two.  is  necessary.     Concerning  the  use  of  the 
three-point  method,  for  dose  work,  the  angle  between 
hree  points  of  contact  must  be  selected  according 
to  the  number  of  high-sp 

.sions  of  the  subject  include  types  of  out-of- 
roundness  and  those  peculiar  to  certain  machines,  the 
three-point  measuring  system,  errors  of  the  V-block 
-.se  of  the  V-block  for  elliptical  objects,  other 
■  >ds  of  checking  elliptical  forms  and  indicator- 
reading  correction.  Three  items  for  instrument  im- 
provement are  suggested  to  manufacturers. 

ACCURATE  measurement  of  "out-of-roundness"  is 
an  important  item  of  inspection  that,  it  seems, 
bhas  not  received  due  consideration  even  in  our 
larger  plants  which  use  the  most  modern  of  measuring 
instruments.     It  is  an  item  that  affects  quantity,  quality 


MEASURING    POINT 


certainly  is  lowered  through  the  loss  of  bearing  area. 
On  the  other  hand,  if  parts  that  are  actually  within  the 
specified  limits  are  rejected  and  scrapped,  the  decrease 
in  quantity  of  production  and  the  increase  in  cost  of 
production  are  obvious. 

Types  of  Out-of-Roundness 

The  two  different  general  types  of  out-of-roundness 
are   "regular"   and    "irregular." 

The  irregular  class  comprises  those  objects  which 
assume  an  irregular  shape  and,  consequently,  will  not  be 
governed  by  any  set  rules  for  their  inspection.  Under 
this  head  are  parts  that  become  out-of-round  due  to 
distortion  in  heat-treatment,  crowding  of  tools  by  hard 
spots,  and  the  like. 

The  regular  class  is  composed  of  those  objects  the 
high  and  the  low-spots  of  which  manifest  some  mathe- 
matical continuity.  Since  the  objects  do  contain  high- 
spots  and  low-spots,  their  sections  are  no  longer  circles 
and  must  not  be  treated  as  such.  If  the  object  contains 
two  diametrically  opposite  high-spots  and  two  diametric- 


and  cost  of  production.     If,  through  a  fallacy  of  inspec- 
tion methods,  part*  are  produced  and  accepted  for  pro- 
on     that    exceed     the     specified     limits,     there     is 
generally  a  falling-off  of  production  due  to  the  difficulty 


of 


parts  in  this  condition,  and  the  quality 


Chandler  Motor  Car  Co.,  Cleveland. 


1     Dsawimoi    Bhowixo    a   Cylindrical  Object,   the  Out-of- 

'      In     UllEATLT     EXAOOERATED 


ally  opposite  low-spots,  Its  section  is  an  ellipse;  and,  if  it 
contains  a  greater  number  of  high-spots  and  low-spots 
and  we  consider  the  low-spots  as  sides  and  the  high- 
spots  as  vertices,  the  section  becomes  either  a  triangle, 
a  square  or  some  other  polygon.  The  paper  deals  with 
this  latter  class  of  out-of-roundness. 

Automobile   parts,   such   as   piston-pins,   small   shafts, 
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valve-lifters,  shackle-bolts,  roller-bearing  pins  and  many 
other  similar  parts,  are  generally  ground  on  centerless 
grinders.  It  has  been  determined  that,  on  work  that  comes 
out-of-round  from  a  centerless  grinder,  that  the  quality 
of  high-spots  and  low-spots  is  always  a  number  that  is  a 
multiple  of  3.  This  condition  is,  no  doubt,  due  to  the 
fact  that  the  centerless  grinder  has  three  points  of  pres- 
sure on  the  part  being  ground;  namely,  the  grinding 
wheel,  the  feed  wheel  and  the  work  support.  On  the 
other  hand  the  number  of  high-spots  and  low-spots  on 
work  that  comes  out-of-round  from  the  ordinary  grinder 
employing  centers  generally  is  a  multiple  of  2.  This  is 
doubtless  due  to  the  two  points  of  pressure  on  the  piece 
being  ground;  namely,  the  centers  and  the  grinding 
wheel. 

Other  machines  also  produce  out-of-round  work,  par- 
ticularly gear-driven  machinery  on  which  the  number 
of  high-spots  or  low-spots  is  equal  to  a  multiple  or  factor 
of  the  number  of  teeth  in  one  of  the  gears  or  the  train 
of  gears.  Due  to  the  varied  shapes  which  an  out-of-round 
piece  may  take,  it  is  necessary  to  use  different  types  of 
checking  apparatus  to  determine  the  true  conditions  of 
each  differently  shaped  piece. 

The  Three-Point  Measuring-System 

Fig.  1  shows  a  cylindrical  object  the  out-of-roundness 
of  which  is  greatly  exaggerated.  This  is  shown  in  the 
shape  of  a  triangle  and  is  the  empirical  form  in  which 
out-of-roundness  manifests  itself  from  the  centerless 
grinder.  It  can  be  seen  readily  that  if  a  checking  method 
employing  directly  opposed  measuring  points  were  used 
on  a  piece  of  this  shape,  it  might  appear  absolutely 
round;  whereas,  it  actually  could  be  considerably  out-of- 
round.  This  is  due  to  the  fact  that  one  of  the  measuring 
points  would  be  located  on  a  low  point,  while  the  one 
directly  opposite  it  would  be  located  on  a  high  point,  and 
this  condition  would  persist  while  the  entire  periphery 
of  the  object  was  revolved  through  the  measuring  points. 
Since  the  actual  amount  of  out-of-roundness  of  any  piece 
is  the  difference  in  the  diameters  of  the  inscribed  and 
circumscribed  circles,  it  is  necessary  to  use  a  measuring 
apparatus  that  registers  in  three  places  in  the  case 
of  triangular  objects. 

Various  three-point  measuring-tools  are  on  the  market 
and,  since  their  application  and  results  are  all  approxi- 
mately the  same,  we  may  use  for  an  example  the  V-block 
method  as  employed  with  any  of  the  numerous  amplify- 
ing gages,  such  as  the  one  shown  in  Fig.  2.  The  ampli- 
fying gage  is  merely  an  apparatus  that  employs  a  lever 
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FIG.    2 — Amplifying  Gagh  Used   with   the  V-Block   To  Measure 
Out-of-  Roundness 

system  to  increase  the  movement  of  a  measuring  point 
held  in  contact  with  the  work,  and  an  indicator  to  measure 
the  increased  movement.  While  there  are  various  dif- 
ferent gages  on  the  market,  the  principle  of  all  is  the 
same  and  with  most  of  them  are  furnished  different 
types  of  work  supports,  such  as  centers,  V-blocks  or 
fiat  plates. 

Errors  of  the  V-Block  Method 

To  the  casual  observer,  this  method  may  appear  to 
give  accurate  results  but  such  is  actually  not  the  case 
and,  for  each  different  included  angle  of  the  V,  a  differ- 
ent correction  must  be  applied  to  the  indicator  reading. 
This  correction  is  obtained  by  very  simple  mathematics 
and  we  will  demonstrate  the  necessary  correction  on 
a  V-block  having  a  90-deg.  included-angle,  since  this 
is  the  angle  universally  accepted  for  commercial  V-blocks. 

It  would  be  incorrect  to  use  a  90-deg.-angle  V-block  for 
a  piece  containing  three  high-spots,  since  the  high-spots 
would  be  indexed  120  deg.  from  each  other,  thus  requir- 
ing a  V-block  having  a  120-deg.  included-angle.  This 
is  merely  an  empirical  example  of  how  the  correction 
is  obtained;  it  is,  therefore,  permissible,  and  the  correc- 
tion obtained  can  be  used  when  inspecting  diametrical 
variations  on  parts  within  the  tolerance  for  out-of- 
roundness. 

Inasmuch  as  the  V-block  method  will,  at  some  time  or 
other,  while  the  piece  is  being  revolved,  present  the  in- 
scribed circle  to  the  three  registering  points  and,  at  some 
other  time,  present  the  circumscribed  circle  to  the  three 
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X  =  (0.+ /205,)  -  ( t>  + /2~P) 
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X  =1.2  071  (D-D.) 
DIFFERENCE     IN   READINGS    AT 
M  AND  M.    WILL  BE    1.2071    TIMES 
ACTUAL  DIFFERENCE    IN  DIAMETERS, 
I.E.  THERE    WILL  BE  AN  EXAGGERATION 
OF  APPROXIMATLY    21^. 
Fig.  3 — Drawings  Showing  the  Ekrors  of  the  V-Block  Method  and  the  Method  of   Working  Out  the  Correction 
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a  =  MAJOR    RADIUS 
t>  •  MINOR  RADIUS 

To-  SLOPE  

LINE  S)  =  TT1X*K   ISTANGENT    IF    K=±\/5rmI7F 

LINE    IS  TANGENT  AND  ITWI     HENCE    K=t/aTP 

V=  COS  A-5'\/aw*b'    =   .70711  JCf+b' 

H-V+a 

H--  V*b 

X  *  HUH, 

x  =  (.70711  Va'+fe'^a)  -  (.70711  \/a'*ftb) 

X-.a-b    WHICH    IS    INDICATED    AMOUNT    OUT   OF 
ROUND.    ACTUAL  AMOUNT    OUT  OF  ROUND  = 
2d-2b  --2(d-b).    THERE    WILL  BE  A  MINIMIZATION 
OF  50%   IN    AMOUNT    OUT  OF  ROUND. 


Flfl.    4  1T1CAL    OBJKCT    WITH    A    V-B 


-.  we  can  use  any  two  circles  of  selected 
and   find   out   how   much   higher  one    will 
in  the  V-block  than  the  other.     This  figure,  minus  the 
lal    difference    in    diameters,    is    the    amount    of    the 
correction.     Fig.  3  shows  the  conditions  with  the  correc- 
tion worked-out ;  it  is  approximately  21  per  cent. 

Elliptical  Objects  ln  a  V-Block 

The  V-block  method  already  described  often   is   used 
erroneously  on  work  for  which  the  character  of  oir 
rour.  •   been  determined  previously.     The  re- 

gained   from    using    this   method    with    elliptical 
obje.  hown  in  Fig.  4. 

th  reference  to  Fig.  4,  we  would  be  unable  to  regis- 

n  the  major  or  the  minor  peripheries  and,  as  the 

major  axis  while  in  the  lowest   position  would  coincide 

with  the  minor  axis,  while  in  the  highest  position,  the 

indicated  amount  of  out-of-roundness  would  be  the  dif- 

ce  in   the  major  and  the  minor   radii.     Since   the 

actual  amount  of  out-of-roundness  equals  the  difference 

in    the   major   and    the    minor   diameters,    the    error    is 

-r  cent. 

•  ikk  Methods  fob  Checking  Elliptical  Forms 

Fi.  cylinder  with  the  out-of-roundness  in 

the  elliptical  form  and  exaggerated  greatly.     Inasmuch 

viount  of  out-of-roundness  of  any  object  is  the 

difference  in  the  dian  the  inscribed  and  circum- 

asy  matter  to  measure 


■a   with   :.: 


this  difference  on  the  part  shown  merely  by  applying 
some  measuring  instrument  with  opposed  measuring 
points,  such  as  the  micrometer  caliper,  to  the  distances 
a  and  b. 

However,  the  micrometer  caliper  is  no  longer  used 
for  quantity  inspection  of  work  of  this  type,  and  has 
been  replaced  by  the  amplifying  gage.  The  reasons 
for  this  are  familiar  to  all,  or  are  very  obvious  at  least, 
and  do  not  require  discussion  here. 

In  a  manner  analogous  to  that  of  the  micrometer, 
the  piece  could  be  moved  back  and  forth,  horizontally, 
under  the  measuring  point,  until  the  highest  and  the 
lowest  readings  were  obtained.  This  is  a  very  accurate 
method,  but  is,  unfortunately,  slow.  To  overcome  the 
difficulty  of  finding  the  highest  and  the  lowest  points 
and  to  eliminate  the  horizontal  motion,  which  requires 
considerable  time,  the  back-rest  has  been  added  as  shown. 
When  using  this  appliance,  the  original  indicator-setting 
is  made  by  a  pluggage  or  master-piece  which  is  moved 
back  and  forth  under  the  measuring  point  until  the 
highest  reading  is  obtained. 

The  position  of  highest  reading  is,  of  course,  at  the 
diameter  of  the  circle  and,  with  this  obtained,  the  back- 
resl  is  moved-up  to  the  master-piece  and  fastened  in 
place.  In  the  actual  inspection,  the  piece  being  t. 
is  held  firmly  against  the  back-rest  and  revolved  under 
the  measuring  point.  This  method  is  very  rapid;  how- 
it  adds  a  third  measuring-point  to  the  combination 
and  hence  requires  analysis  to  determine  whether  the 
indicator  readings  require  correction. 

[NDH  ATOB-RjJADING  CORRECTION 

To  determine  this,  let  us  first  assume  that  the  amplify- 
ing gage  is  in  perfect  condition  as  received  from  the 
manufacturer;  ihat  is,  with  the  back-rest  and  the  work- 
support  perfectly  flat  and  the  measuring  point  rounded 
to  give  point  contact  and  to  permit  the  specimens  to 
slide  under  the  point  readily.  The  elliptical  piece  is 
revolved  as  has  been  described  and,  when  the  lowest 
indicator-reading  is  obtained,  the  major  diameter  of  the 
ellipse  naturally  will  be  horizontal,  with  one  extremity 
against  the  back  -  -hown  in  Fig.  6.     This  condi- 

tion, of  I  •  ings  the  measuring  point  off  the  center 

and  the  reading  obtained  is  smaller  than  the  actual 
minor-diameter.     The  amount  that  it  is  smaller  depends 
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on  two  quantities,  the  actual  amount  of  out-of-roundness, 
which  is  unknown,  and  the  degree  of  curvature  of  the 
measuring  point. 

When  the  highest  indicator-reading  is  obtained,  the 
conditions  are  just  the  same  in  effect,  a  smaller  reading 
than  the  major  diameter  is  obtained,  and  the  amount 
that  it  is  smaller  depends  on  the  same  conditions.  Al- 
though, with  a  perfect  ellipse,  the  measuring  point  is 
the  same  amount  off-center  when  taking  the  highest 
reading  as  it  is  when  taking  the  lowest  reading,  the 
difference  in  readings,  which  is  the  indicated  amount  of 
out-of-roundness,  is  not  exactly  the  actual  amount  of 
out-of-roundness,  even  though  we  were  able  to  procure 
point  contact  at  the  measuring  point,  which  would  elimi- 
nate the  complication  of  the  radius.  It  is,  however,  so 
nearly  the  correct  amount  that  the  method  would  be 
perfectly  safe  to  use,  even  on  so  close  a  job  as  piston- 
pins,  if  it  were  possible  to  obtain  the  perfect  conditions 
just  described.  However,  it  must  be  remembered  that 
all  readings,  whether  used  in  checking  roundness  or  size 
variations,  will  be  complicated  by  the  radius  on  the 
measuring  point.  To  overcome  this  condition,  trials 
should  be  made  periodically  with  known-diameter  master- 
pieces to  obtain  corrections  for  radius  and  wear  of  the 
measuring-point  radius. 


ct=MAJOR  -RADIUS 
£  =  MINOR  RADIUS 


:.&^=  amount  measuring  point  is  off  center 
-^+-^=1    (equation  of  ellipse) 


a-t> 


y=^-  <J3a'+2at>-t>' 
h.  =  b  +  y 
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Fig.    6 — Drawing    Showing   How   the   Amount  of   Error    in   an 
Elliptical    Object   Is    Determined 
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-Drawing    Showing   How   Errors   Occur   as   a   Rbsult   op 
Wear  of  the  Measuring  Points 


Fig.  6  shows  the  amount  of  error  in  the  reading  of 
both  the  highest  and  the  lowest  points  and,  although 
this  particular  error  is  very  large,  their  difference  in 
readings  is  very  close  to  the  actual  amount  the  specimen 
is  out-of-round.  Unfortunately,  the  formula  for  the 
corrections  comes  out  in  an  involved  form  that  does  not 
permit  us  to  show  the  percentage  of  error  readily.  How- 
ever, the  correction  necessary,  due  to  the  complications 
of  the  radius  on  the  measuring  point,  is  greater  than 
the  foregoing  correction. 

Now  let  us  suppose  that  the  instrument  is  not  abso- 
lutely new  but  has  seen  enough  service  to  show  some 
slight  wear  on  the  three  registering  points ;  the  support- 
plate,  the  back-rest  and  the  measuring  point.  After 
2000  pieces  are  measured  on  one  of  these  machines,  the 
wear  is  evident  even  though  the  points  subjected  to  wear 
show-  a  scleroscope  hardness  as  high  as  90.  This  is 
a  natural  condition,  as  the  pressure  is  very  concentrated 
due  to  the  bearing  at  all  three  points  being  a  point  of 
tangency. 

The  conditions  shown  in  Fig.  7  now  take  place.  With 
the  major-diameter  horizontal,  the  point  of  contact  with 
the  back-rest  is  either  off  the  lowest  point  on  the  edge 
of,  or  entirely  outside,  the  worn  groove;  this  results 
in  a  lower  reading  than  the  true  reading,  due  to  the 
abnormal  amount  the  measuring  point  is  off-center.  On 
the  work-support,  the  piece  is  again  either  off  the  lowest 
point  on  the  edge  of,  or  entirely  out  of,  the  worn  groove; 
this  results  also  in  a  higher  reading  than  the  true  read- 
ing, and  the  same  condition  is  true  at  the  measuring 
point.  Hence,  we  see  that  one  worn  point  contributes 
to  a  lower  reading,  while  the  two  other  worn  points 
contribute  to  a  higher  reading.  With  the  specimen  in 
position  with  the  major-diameter  vertical,  the  results 
obtained  are  similar.  The  amount  of  error  in  the  in- 
dicator-readings depends  again  on  two  quantities:  the 
amount  of  out-of-round  and  the  amount  of  wear.  Inas- 
much as  the  former  quantity  is  unknown  and  the  latter 
quality  unknown  or  at  least  varying  constantly,  the  re- 
sults obtained  cannot  be  corrected  by  any  set  mathemati- 
cal formula  and  the  correction  must  be  obtained  by  check- 
ing with  known-diameter  master-pieces  in  the  manner 
described. 

■  Conclusion 

This  discussion  demonstrates  that  an  out-of-round 
surface  requires  a  checking  instrument  having  opposed 
measuring-points   if  the   number  of  high-spots   is   even 
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and  a  eh-  th  3-point  contact  with  one 

point  located  on   I  en  the  other  two 

e  number  uneven. 

be   added   concerning 
the  n  3-point  method.    For  dose  work,  the  angle 

the   three  points   of   contact    must    be    Bell 
accordir..  number  of  high-spots.     This  is  duo  to 

the  :  re  not  points,  nor  the  low- 

,.:ul  it  easily  is  possible  to  select 
an  angle  that  would  not  register  on  either  the  highest 
or  lowest  poi: 

Th  «  taken  as  an  indictment  against 

inspection  or  even  an  implica- 
te not  the  best  that  have  been 
rought  :'  It  is  meant  to  point  out  that  the 


various  indicator-readings  require  correction  to  produce 
correct  results.  It  was  also  intended  to  bring  out  tin- 
fact  that  there  is  still  considerable  room  for  improve- 
ment of  these  instruments  to  eliminate  some  of  our 
present  difficulties.  In  connection  with  this,  I  suggest 
three  items  that  probably  are  worthy  of  consideration 
by  the  manufacturers: 

(1)  A  flat  measuring-point  large  enough  to  reach  the 
major  diameter  when  it  is  off-center  with  the 
measuring  point  due  to  ellipticity 

i :' i  A  revolving  characteristic  of  the  measuring  point 
to  promote  even  wear 

i i'il  indicator  for  use  with  the  90-deg.- 
angle  V-block,  thus  eliminating  correction  by  the 
operator 


TRANSPORTATION 


NO  country  in  the  world  has  the  possibilities  for  efficient, 
modern  transportation  which  we  have.  We  must  realize 
upon  those  possibilities.  Our  one  great  difficulty  has  been 
that  we  have  grown  at  such  an  astonishing  rate  that  our 
facilities  have  lagged  far  behind.  Thus,  in  the  motor  field, 
while  from  1910  to  1922  there  has  been  an  increase  of  2450 
per  cent  in  the  number  of  vehicles,  and  a  far  greater  in- 
crease in  mileage  traveled  and  tonnage  hauled,  all  of  our 
efforts  have  failed  to  provide  an  adequate  increase  in  our 
roadbed  facilities  in  the  same  period,  and  at  our  present  rate 
il  be  10  years  before  the  United  States  can  hope  to 
e  at  a  rounded-out  highway  system. 

Wh:ie  freight  cars  have  been  increased  in  number  by  23 
per  cent  in  the  last  10  years,  and  the  aggregate  tractive 
power  of  locomotives  41  per  cent,  the  Country  is  offering  the 
railroads  60  per  cent  more  business  than  ever  before.  Since 
the  whole  structure  of  business  activity  rests  upon  trans- 
portation, it  is  evident  that  we  must  use  those  facilities 
which  we  have  in  the  most  efficient  way,  unless  the  Country 
is  to  suffer  from  tremendous  losses. 

The  actual  competition  between  rail  and  motor  carriers 
today  is  negligible  and  where  it  does  exist  it  is  largely  due 
to  the  fact  that  the  rail  lines,  suffering  from  undue  regu- 
lation and  cramped  beyond  reason  financially,  have  been 
unable  to  provide  desired  facilities. 

Responsible  railroad  executives  have  said  that  25  per  cent 
of  railroad  equipment  is  absorbed  in  the  haulage  of  less  than 
5  per  cent  of  the  commodity  movement  and  that  it  returns 
but  about  10  per  cent  of  the  revenue.  This  is  the  less-than- 
carload  movement  in  which  is  involved  most  of  the  terminal 
troubles  to  which  the  railroad  men  of  the  present  generation 
have  fallen  heir.  Terminal  facilities,  taken  to  mean  all  other 
than  main  line  facilities,  another  authority  has  said,  repre- 
sent about  50  per  cent  of  the  total  capital  investment  of  the 
rail  lines. 

The  operation  of  the  truck  makes  possible  new  extensions 

of  the  field  of  our  waterways.     One  of  these  is  the  vehicle 

used  as  a  flexible  medium  of  interchange  between  water  and 

•-.-i  i".      Another   is   the   development   of   a    pick-up    and 

tying  industrial  and   agricultural   areas 


to  inland  and  coastal  shipping  points. 

While  we  now  have  some  350,000  miles  of  improved  high- 
way. 259,000  miles  of  railroad,  18,000  miles  of  interurban 
electric  lines  and  15,000  miles  of  inland  canals  and  water- 
ways, none  of  the  older  forms  of  transport  can  reap  the  full 
benefit  from  highway  transport  until  a  much  larger  per- 
centage  of  our  2,800,000  odd  miles  of  highway  is  made  ready 
for  constant  traffic. 

Government  surveys  in  Connecticut,  Tennessee,  Maryland, 
and  elsewhere  show  conclusively  that  by  far  the  largest  per- 
centage of  traffic  even  over  our  main  highways  is  purely 
local.  Highways,  paralleled  by  other  carriers  in  many  in- 
stances but  still  largely  destined  for  "feeder"  uses,  must  be 
improved  in  every  State  in  order  that  the  rail,  water  and 
electric  lines  shall  realize  their  full  volume  of  travel ;  and 
more  important,  that  the  public  shall  derive  the  benefit  of 
lowered  transport  charges  which  logically  and  naturally 
follow  improved  highways. 

A  study  made  from  government  figures  by  John  E.  Walker, 
formerly  tax  advisor  to  the  Treasury,  shows  that  the  rail 
lines  contributed  approximately  $304,000,000  in  taxes  in 
1922.  Motor  users  paid  special  taxes  of  $340,000,000  in  1922, 
or  the  equivalent  of  nearly  one-half  of  the  total  highway 
construction  and  maintenance  bill  of  the  Nation,  estimated  at 
$742,000,000.  Of  that  amount,  $120,000,000  were  discrimina- 
tory taxes  levied  by  the  Federal  government  and  exactly 
comparable  to  those  railroad  taxes  which,  also  growing  out 
of  the  war,  were  repealed  by  a  recent  session  of  Congress. 

The  user  should  pay  a  fair  charge  for  service  rendered. 
But  those  taxes  which  are  levied  for  construction  or  which 
do  not  go  into  highway  work  at  all  constitute  the  payment 
of  general  benefits  through  special  levies  which  add  ma- 
terially to  the  cost  to  the  public  of  this  form  of  transporta- 
tion. 

Other  large  taxes  are  assessed  against  the  electric  lines 
and  other  carriers,  yet  inevitably  the  consumer  must  pay. 
In  all  these  cases,  then,  we  have  an  artificial  barrier  imposed 
in  the  way  of  efficient  transportation  at  the  lowest  cost  to 
the  using  public. — From  an  address  by  Roy  D.  Chapin  be- 
fore the  Chamber  of  Commerce  of  the  United  States. 
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The  Motorbus  as  a  Transportation 

Medium 


Discussion  at  Annual  Meeting  of  Am- 
erican Electric  Railway  Association 
Held  Last  Month  at  Atlantic  City 


THE  motorbus  was  probably  the  most  conspicuous  feature 
of  the  discussions  presented  and  the  exhibits  made  at  the 
42nd  Annual  Convention  of  the  American  Electric  Railway 
Association  and  its  affiliated  bodies  held  at  Atlantic  City, 
N.  J.,  on  Oct.  8  to  12.  A  score  or  more  of  companies  exhib- 
ited complete  buses  or  unit  assemblies  therefor.  Their 
efforts  resulted  in  the  largest  and  most  interesting  motor- 
bus  show  that  has  ever  been  held  in  this  Country. 

C.  D.  Emmons,  the  retiring  president  of  the  Association, 
enlarged  upon  the  fact  that  the  motorbus  is  finding  its  place 
and  rendering  great  service  in  the  solution  of  the  transpor- 
tation problem.  More  than  100  electric  railways  are  using 
approximately  1000  buses.  The  electric  street-railway  in- 
dustry has  44,000  miles  of  track,  employs  300,000  persons 
directly  and  furnishes  part  or  whole-time  employment  to 
500,000  more,  transports  more  than  15,000,000,000  persons 
annually  and  represents  an  investment  of  between  $5,000,000,- 
000  and  $6,000,000,000. 

Alfred  Reeves,  general  manager  of  the  National  Automo- 
bile Chamber  of  Commerce,  gave  an  address  on  the  Coordi- 
nation of  Electric-Railway  and  Bus  Transportation.  He  said 
that  the  spirit  of  the  motorbus  industry  is  that  of  coopera- 
tion. He  pointed  out  that  low  cost  of  operation  is  not  the 
sole  consideration  in  bus  operation,  the  public  being  willing 
to  pay  10-cent  fares  for  service  it  considers  good  enough; 
and  expressed  the  opinion  that  in  general  bus  lines  should  be 
operated  by  the  electric  traction  interests.  In  connection 
with  a  large  portion  of  the  public  being  accustomed  to  ride 
on  rubber  tires,  he  spoke  of  the  contest  between  rubber  and 
the  iron  rail.  He  propounded  the  question,  If  the  bus  had 
come  first,  would  the  trolley  car  have  been  developed  ?  What 
the  public  wants  is  service  and  adequate  service  can  be  given 
only  through  utilization  of  both  the  bus  and  the  trolley  car. 
The  natural  fields  of  each  should  be  defined  as  accurately  as 
possible.  Mr.  Reeves  said  that  the  failure  of  bus  lines  in 
various  cities  is  not  significant,  as  the  operating  companies 
were  organized  in  undue  haste  and  without  proper  planning. 

As  was  stated  by  L.  S.  Storrs,  president  of  the  Connecticut 
Co.,  the  outstanding  feature  of  the  meeting,  at  least  in  con- 
nection with  bus  operation,  was  the  conferring  of  represen- 
tatives of  the  street-railway  field  with  those  of  the  automo- 
tive field,  through  their  respective  organizations.  President 
Alden,  of  the  Society  of  Automotive  Engineers,  discussed  a 
report  on  bus  operation  that  had  been  prepared  by  a  com- 
mittee of  the  American  Electric  Railway  Transportation  and 
Traffic  Association,  an  affiliate  of  the  American  Electric  Rail- 
way Association.  It  was  set  forth  in  this  report  that  public 
authorities  are  gradually  bringing  order  out  of  the  chaotic 
condition  which  the  jitney  introduced  into  the  transportation 
field  7  or  8  years  ago.  The  committee  presented  data  on 
bus  operation  that  had  been  secured  from  street-railway  com- 
panies. It  was  stated  that  the  experience  of  these  companies 
had  been  comparatively  short  and  that  none  of  them  desired 
to  go  on  record  as  being  confident  of  having  solved  the  vari- 
ous problems  involved.  The  report  was  completed  prior  to 
July  of  this  year. 

The  committee  obtained  information  as  to  the  class  of  ser- 
vice operated  from  17  street-railway  companies.  To  estab- 
lish a  relation  between  the  class  and  the  amount  of  service 
and  the  data  that  follow  for  each  company,  Table  1  was  com- 
piled. 

Seven  of  these  companies  operate  exclusively  on  city  routes. 
Four  companies  operate  exclusively  in  suburban  service;  two 


TABLE   1 — DATA   ON 

BUS  SERVICE   OPERATED 

BY   17 

STREET- 

RAILWAY   COMPANIES 

Class  of  Service 

No  of  Buses 

Operated 

Average 

Daily 

Mileage 

Supple- 

Inde- 

Base 

Peak 

per  Bus 
Operated 

mentary 

Feeder 

pendent 

Schedule 

Schedule 

A 

Y'es 

2 

3 

100 

B 

Yes 

Yes 

1 

1 

153 

C 

Yes 

Yes 

21 

27 

81 

D 

Yes 

6 

7 

148 

E 

Yes 

1 

1 

185 

F 

Yes 

o 

8 

70 

H 

Yes 

Y'es 

16 

21 

120 

I 

Yes 

Yes 

IS 

8 

161 

K 

Yes 

Y'es 

Yes 

7 

10 

151 

h 

Yes 

2 

3 

74 

M 

Y'es 

4 

7 

145 

N 

Y'es 

5 

7 

127 

O 

Yes 

6 

7 

96 

P 

Yes 

Y'es 

Y'es 

66 

70 

166 

Q 

Yes 

6 

10 

216 

R 

Yres 

12 

16 

153 

S 

Yes 

Yes 

Yes 

9 

9 

exclusively  in  interurban  service,  two  -in  city  and  suburban 
service,  one  in  city  and  interurban  service  and  one  in  city, 
suburban  and  interurban  service. 

Among  the  reasons  given  by  the  railway  companies  for  the 
inauguration  of  bus  service  were  the  following: 

We  were  compelled  by  prohibitive  cost  of  new  paving 
and  track  work  to  substitute  bus  service  for  trolley  ser- 
vice on  two  feeder-lines. 

To  give  residents  of  one  city  better  service  to  an- 
other via  a  shorter  route  and  provide  service  to  people 
residing  and  working  between  the  two  towns. 

Our  company  was  confronted  with  serious  competi- 
tion from  buses  and  we  inaugurated  our  original  bus- 
line to  determine  what  the  possibilities  of  bus  service 
were  and  also  to  protect  ourselves  against  unwar- 
ranted and  unregulated  competition.  As  a  result  of 
the  operation  for  a  period  of  over  7  years,  we  have 
built  up  a  service  that  is  paying  its  way  under  present 
rates  of  fare  and  providing  transportation  to  a  district 
that  needs  and  appreciates  it. 

We  have  considered  that  with  the  right  to  a  monopoly 
of  transportation  went  the  obligation  to  furnish  rea- 
sonable and  adequate  transportation  facilities  wher- 
ever they  were  needed,  and  the  obligation  to  use  what- 
ever motive  power  was  best  adapted  to  the  condi- 
tions. 

Stage-line  service  was  inaugurated  to  make  possible 
through  service  between  two  cities,  a  route  mileage  of 
approximately  100  miles,  by  which  the  work  of  carry- 
ing passengers  could  be  done  with  motor  stages  with 
a  much  smaller  investment  than  by  rail. 

The  physical  situation  of  the  line  prevented  the 
giving  of  a  street-railway  service  that  was  rapid 
enough  to  suit  those  whose  necessity  or  convenience  re- 
quired quick  transportation  between  the  towns  served. 
In  effect  the  coach  transportation  is  a  limited  street- 
railway  service  supplementing  the  slower  service  given 
by  street  cars  regularly.  However,  the  coaches  prob- 
ably afford  a  more  pleasant  ride  and  through  the  ad- 
vance sale  of  reserved  seats,  it  is  very  convenient  for 
prospective  passengers  to  avail  themselves  of  this 
service. 
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>r  all  of  the  transportation 
issibititiee  of  the  bu 
an  aid  to  the  annot  be 

-   for   rail 
•    ■-::>-.      In    I: 
a    !o  rad-lim  J    rehabilil 

paving  ehi  ontinuing 

nipment   that    is  much   below 
.ils  or  paving. 

• .-railway 
companies  ;g    the    truck    chassis    and    adopting 

the  impr  -  the  builders  are  developing 

in    the    further    development    of 

ity   should  be  the  chief  aim 

It   should   be   borne   in   mind  that 

-jnning  repairs  are  made  without  removing;  the  body 

and  replacement  of  parts  from 

it  i  the  chassis  should  be  made  possible.     It   is  very 

•hat  time  out  of  service  be  the  minimum.     A  unit 

•em    will    meet    this    requirement    best.     To   facili- 

•Uion  should  be  given  to  standardization. 
ration  must  be  given  also  to  the  peculiar  require- 
t  of  a  vehicle  operated  in  passenger  service,  such  as  a 
low   center  of   gravity,   clutch   and   gear   designs    that    are 
le   for   frequent    stopping    and   starting,   adequate   and 
mical   power   and   spring-suspension  to  give  the   maxi- 
mum riding-comfort  under  varying  load  conditions. 

The  report  did  not  cover  body  development  in  any  detail 
as  the  committee  believes  that  each  operating  company  will 
work  out  its  own  requirements  in  this  connection.  In  general, 
the  committee  felt  that  no  reason  exists  why  the  electric- 
ear  body  designs  cannot  be  used  as  a  base  from  which  to  de- 
velop bus  bodies  that  will  give  public  satisfaction  from  the 
standpoints  of  safety,  comfort  and  convenience.  There  will, 
of  course,  always  be  cases  that  will  require  specific  I 
ment  based  on  the  particular  transportation  problem  to  be 
solved. 

The   majority   of  the  bus-lints  reported  on  were  operated 
.e  organizations  that   manage  the  respective   street-ear 
systems.     In  general,  the  buses  were  maintained  by  the  rail- 
way companies,  specially  skilled   mechanics   being  employed 
■  >n  the  buses,  which  it  is  appreciated  are  an  essen- 
tially different  type  of  equipment. 

'     t  of  the  street-railway  companies  are  operating  buses 

jcb  a  small  scale  that  in   the  committee's  opinion   the 

companies  would  not  be  warranted  in  incurring  the  increased 

head  and  maintenance  costs  that  would  be  necessary   if 

their  bus  work  were  separated  entirely  from  the  electric-car 

■r,  this  practice  ceases  to  yield  the  maximum 

ncy  and  economy  the  moment  the  number  of  unit 

'ge  enough   to  justify  keeping  a  separate  corp 

ind   cleaners   busy   during   the    entire 

lay.     Bus-chassis  maintenance  requires  an  entirely 

raining  than  electric-car  maintenance,  and 

attempt   is    made   to   spread   the  supervision   of   main- 

voth   typ'  .ipment,   the  maintenance  of 

will    be   uns.v  Owing   to   the    wide   div 

tiona,  the  committee  was  unable  to  suggest  a 
standard    maintenance    organization.      The    observation 

.-,  that,  inasmuch  as  bus  bodies  are  now  follow- 
closely  tr.  I  construction  used  in  electric-car 
.    maintenance  can  be  condu' •  efficiently 
and   economically   by   -upplementing  the   regular  body-main- 

ry  (     npanb     ha 
■>r  plan  to  construct    tepar  je«. 

f  the  cases  the  rates  of  fare  for  the  street- 
ed  by  the  traction  com- 
I 

Dbfbbciation 

Among  the  bases  for  allowing  for  depreciation  of  the  buses 

■aight-line  method 


1-year   life;   most   of  the   buses   will   last    longer   than   4 
years  with  present  maintenance  standards,  but  il 
believed  improvements  in  bus  design  will  render  pres- 
ent buses  obsolete  within   I  yi 
per  cent  depreciation 
Estimated  life  of  chassis  up  to  2-ton,   160,000  miles; 
in  and  over.  200,000  miles 
ar   oasis 
3-year  basis;   1  11'  of  :..'i   per  cent  of  book  value,  less 

10     salvage     value,     charged-off      per     vehicle     per 
month 
Salvage  value  of  20  per  cent  of  original  cost  at  end  of 

.'>  years;  80  per  cent  charged  off  in  3  years 
10   per   cent    of   original    cost    taken    as   salvage   value; 
90  per  cent  charged  off  in  6  years 
•r  cent  of  original  cost  charged  off  in  3  years 
26    per   cent    per   year;    buses    average   60,000   miles   per 

per  cent  salvage,  19  per  cent  per  year  de- 
preciation 

None  of  the  companies  was  in  a  position  to  give  definite 
information  as  to  the  life  of  bus  equipment.  All  of  the  de- 
preciation  methods  are  still  in  the  tentative  stage.  The  com- 
mittee felt  that  as  the  life  of  tires  is  relatively  short  the 
cost  of  them  should  not  be  included  in  the  principal  amount 
to   be  dep  ;   and   that,  because  of   the   many   variable 

factors  involved  in  the  physical  depreciation  or  wear-and- 
tear  of  a  bus,  it  is  difficult  to  formulate  standard  practice  for 
charging  depreciation  in  this  connection.  In  a  new  art,  of 
course,  consideration  must  he  given  in  calculating  deprecia- 
tion charges  to  obsolescence  and  inadequacy. 

The  committee  reported  that  with  one  exception  the  in- 
formation received  indicated  that  the  public  is  entirely  in 
of  bus  operation  by  the  street-railway  companies. 

Operating  Costs 

With  regard  to  the  table  of  cost  of  operation  submitted 
by  the  committee  and  reproduced  as  Table  2,  it  was  stated 
that  this  presented  the  results  of  such  limited  experience  by 
all  of  the  companies  that  it  did  not  indicate  clearly  what 
should  be  expected  in  the  future.  None  of  the  companies  has 
been  operating  much  longer  than  1  year.  Their  equip- 
ment was  new  and  did  not  require  heavy  expenditures  for  re- 
pairs or  renewals  for  some  months.  The  equipment  con- 
sisted of  chassis  of  from  %  to  2V4-ton  carrying  and  of  from 
12  to  25  seating  capacity,  the  total  weight  of  the  buses  vary- 
ing from  3000  to  10,000  lb.  Most  of  the  tire  equipment  was 
of  the  pneumatic  type. 

The  committee  said  that,  on  account  of  the  lesser  seating- 
capacity  of  the  bus,  the  cost  per  passenger  is  considerably 
higher  than  in  electric-car  operation.  The  average  cost  pet 
bus-mile,  incuding  taxes  and  estimated  depreciation,  based  on 
the  figures  furnished  to  the  committee,  is  24. G  cents.  No 
results  from  the  operation  of  double-deck  buses  were  in- 
cluded in  the  compilation  and  it  was  assumed  that  the  aver- 
i\  per  bus  was  25.  On  this  basis  the  cost 
at-inile  of  ho  operation  was  0.98  cent.  Data  obtained 
from  10  companies  operating  one-man  trolley  cars  showed 
an  sveragi  co  '  pel  i  ax-mile  of  25.7  cents,  including  depre 
ciati'>>  on    the    estimated    life    of   the    equipment   and 

These  ears  had  an  average  seating  capacity  of  42, 
and  the  resulting  co  I  pei  eal  mile  was  0.G1  cents.  On  this 
basis  the  i  uile  of  but   operation  is  approximately 

lit  greater  than  in  the  case  of  the  one-man  elect i  ic 
The   figure-,  did   not,   however,  include  a   return   on  the 
value  of  the  property. 

The  committer-  referred  to  the  fact  that  in  some  localities 
the   law   prevent:-    the  carrying  in   buses  of  few  if  any  more 
passengers  than  seats  are  provided  for.     In  this  respect  the 
tic.      In   general,   three   buses   are  re- 
quired  to   furnish   the  same   number   of     eat      as   two   trolley 

The  committi  Transportation  and  Traffic   Associa- 

tion thai  made  the  report  referred  to  above  was  constituted 
of,  among  others,  representatives  of  the  following  companies: 
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TABLE   2 — OPERATING    RESULTS    PER    BUS-MILE    REPORTED    BY    STREET-RAILWAY    COMMITTEE 


A 

B 

C 

D 

E 

H 

I 

h 

K 

0 

0 

R 

1-1-23 

to 

5-31-23 

1-1-22 

to 

3-31-23 

7-1-22 

to 

3-31 -23 

5-26-22 

to 
3-31-23 

1-1-22 

to 

3-31-23 

3-1-22 

to 

3-31-23 

1-1-22 

to 
3-31-23 

12-1-21 

to 
11-30-22 

7-3-22 

to 
3-31-23 

7-15-22 

to 
12-31-22 

1-1-22 

to 
12-31-22 

4-1-22 

to 

3-31-23 

Weighted 

Average 

of  All 

Companies 

Transportation  Revenue .... 

Cents 
26.50 

Cents 
21.18 

Cents 

28.67 

0.60 

Cents 
13  42 
0.04 

Cents 
25.99 

Cents 

25  25 

0.02 

Cents 

19.23 

0  06 

Cents 
6.11 

1  'Cl.ts 

20  84 
0  04 

Cents 

29.79 
0.86 

Cents 
17.41 

0  .".I 

Cents 
26.28 

1  ',  [its 

21   18 
0.21 

26.50 

21   18 

29  27 

13  46 

25  99 

25.27 

19.29 

6  11 

20.88 

30  65 

17  92 

26  28 

21.39 

Maintenance,  Excluding  De- 

3.83 
1.50 
3  00 
7.68 

4.83 
3.25 

1  95 
1.94 
2.68 

5.65 

3  26 
2.52 

4    .-,11 
1  49 
3.8S 
6.49 

10.19 
3  44 

1.62 
1.32 

3  25 
6.09 

5.84 
0.77 

3  02 
0.85 
2  29 
7  03 

7.18 
6.56 

6  56 
2.48 
3.96 
6.91 

7.67 
3.04 

4  00 
2  43 
2  67 
6.05 

5.06 
3.93 

2.62 

1.87 
7.19 
6.43 

4.60 
0.57 

5.42 
1.65 
3.05 
5.64 

7.01  . 
0.74 

6.71 
2.50 

-'   ^7 
4.55 

3  33 
5.32 

2  07 

1  .51 

2  6s 
3.82 

3.29 
3.64 

2.61 
0.47 
1.03 
6.04 

7.21 
2.56 

4.20 
1.88 

3.08 

Wages  of  Bus  Operators 
Other  Conducting  Transpor- 

5  74 
5.95 

Injuries  and   Damages,   In- 
surance,    Other     Genera' 

3.10 

24  09 

IS  00 

29  99 

18.89 

26.93 

30  62 

24.14 

23.28 

23   51 

25.28 

17  91 

19  92 

23.95 

Net  Operating  Revenue1  . .  . 

2.41 
0.92 

3.18 
0  25 

.0.72 
2.10 

5. 43 
0.60 

0.94 
0.15 

5.35 
0.24 

4.85 
0.92 

17.17 
0.65 

« .  es 

0.05 

5.37 
0.18 

0.01 
0.40 

6.36 
0.49 

0.65 

1.49 

2  93 

2.82 

6.03 

I    09 

5.59 

5  77 

17.82 

2.88 

5   19 

0  SB 

5  87 

S.21 

90 
35,124 

85 
70,371 

102 

443.602 

140 

226 , 79S 

104 
80,596 

121 
653,249 

125 
1,126,189 

381 
108,017 

113 
479,303 

82 
144,605 

10U 
806,354 

76 
234,107 

112 

4,373,191  (a) 

377 


'Deficits  are  shown  in  italics, 
(a)  Total  for  all  companies. 


United  Electric  Railways  Co.,  Washington  Railway  &  Elec- 
tric Co.  (City  of  Washington),  Pennsylvania  &  Ohio  Traction 
Co.,  Milwaukee  Electric  Railway  &  Light  Co.,  United  Rail- 
ways &  Electric  Co.  of  Baltimore,  Connecticut  Co.,  Virginia 
Railway  &  Power  Co.  and  Boston  Elevated  Railway  Co. 

President  Alden's  Discussion 

After  expressing  appreciation  of  the  opportunity  to  par- 
ticipate in  the  meeting  as  a  representative  of  the  Society  of 
Automotive  Engineers,  President   Alden  said: 

We  were  honored  by  the  presence  of  President 
Emmons,  of  the  American  Electric  Railway  Associa- 
tion, at  the  Cleveland  meeting  of  the  Society  of  Auto- 
motive Engineers  last  spring.  Our  two  organizations 
should  work  hand-in-hand  in  solving  the  problems 
presented  by  the  new  form  of  transportation  under 
discussion  today.  It  is  none  too  early  for  the  designer 
and  the  builder  to  get  together  with  the  user.  Only 
by  sincere  and  hearty  cooperation  can  satisfactory 
progress  be  made.  Plain  speaking  on  both  sides,  if 
of  a  constructive  nature,  should  be  welcomed  by  both 
sides.  Destructive  criticism  by  either  party  will  not 
only  be  a  waste  of  time,  but  impede  cooperation;  and 
cooperation  is  the  keynote  of  success.  I  feel  that  at 
this,  our  first  official  appearance  with  you,  we  should 
not  be  too  argumentative.  It  is  of  far  more  impor- 
tance to  the  success  of  this  young  project  that  we  get 
together,  as  we  are  doing  now;  try  to  understand  each 
others'  viewpoints  more  clearly;  approach  the  prob- 
lem in  a  cordial  spirit  of  give-and-take;  and  assume 
that  the  other  fellow  knows  his  own  problems  pretty 
well.  Then  we  can  be  of  the  greatest  mutual  assist- 
ance. 

I  shall  not  discuss  at  length  the  advantages  of  bus 
transportation  or  try  to  prove  that  it  is  the  last  word 
in  passenger  transportation.  All  new  things  remain 
if  they  fill  a  need  and  only  insofar  as  they  do  fill  a 
need.  We  could  get  up  no  argument  on  the  fact  that 
present-day  railroad  and  street-railway  transportation 
do  not  meet  all  passenger-transportation  needs.  The 
activity  of  your  association,  as  evidenced  by  the  report 
under  discussion,  proves  this.  A  need  for  motorbus 
transportation  exists.  The  problem  is  to  define  that 
need  and  find  means  to  meet  it. 

Your  committee  is  to  be  congratulated  on  the  breadth 


2  See  The  Journal,  September,  1923,  p.  179. 
'See  The  Journal,  October,  1923,  p.   322. 


and  scope  of  its  investigation.  This  should  furnish 
an  excellent  foundation  for  future  endeavor.  My 
remarks  will  be  confined  largely  to  the  subject  of  that 
report. 

Judging  from  the  phenomenal  growth  of  motorbus 
transportation,  in  both  city  and  inter-city  work,  it  is 
obvious  that  the  motorbus  does  fill  a  certain  need  in 
the  life  of  the  Nation.  Here  and  there  it  will  be  over- 
done. At  times  it  will  be  foolishly  handled.  Out  of 
all,  however,  will  gradually  emerge  a  new  form  of 
passenger  transportation,  giving  a  service  the  street- 
railway  never  can  give.  It  will  create  its  own  traffic 
in  many  places,  because  of  its  unique  characteristics. 
In  the  last  analysis,  however,  it  will  remain  only  when 
and  where  it  can  make  money  for  the  operator.  This 
is  the  final  test.     It  must  be  a  revenue  producer. 

I  wish  to  give  credit  for  great  assistance  in  pre- 
paring these  notes  to  the  publishers  of  Bus  Transpor- 
tation, G.  A.  Green,  of  the  Yellow  Coach  Co.,  Chicago, 
and  F.  C.  Horner,  of  the  General  Motors  Corporation. 
Your  attention  is  directed  to  a  paper2  presented  by 
W.  P.  Kennedy  before  the  Metropolitan  Section  of  the 
Society  of  Automotive  Engineers  on  the  subject  of 
trolley  buses  and  to  the  discussion3  of  this  paper,  which 
was  published  in  The  Journal  recently.  In  both  the 
paper  and  the  discussion  much  valuable  information 
will  be  found. 

Proceeding  now  to  the  report  proper,  the  first  thing 
that  struck  me  was  that  the  companies  investigated 
were  all  street-railway  companies.  I  can  understand 
readily  that  to  make  as  complete  an  investigation  of 
the  operations  of  outside  or  independent  companies 
might  be  very  difficult,  as  well  as  contrary  to  the  policy 
of  your  association.  It  seems,  however,  that  the  pic- 
ture presented  by  the  report  would  have  been  some- 
what different  if  independent  companies  had  been  can- 
vassed, because  a  great  many  independent  bus-com- 
panies are  making  money. 

The  general  summary  of  the  results  reported  by 
your  12  company-members  shows  a  net  loss.  We  should 
not  jump  to  the  conclusion  that  this  is  a  chronic  and 
expected  condition.  Your  report  shows  that  4  out  of  the 
12  companies  received  revenue  in  excess  of  expenses. 
Two  of  the  12  had  such  ridiculously  low  revenues  that 
it  seems  that  they  tried  to  operate  under  impossible 
conditions.  It  appears  to  us  that  your  association 
ought  to  extend  its  official  investigations  to  indepen- 
dent   companies.      It    is    realized,    of   course,   that   the 
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get   a   pretty   clear    idea   of   what   the   other 
.-  and  making  it  a   matter  of  permanent 
record. 

The  cor  .ration  covered  only  single-deck 

In   many  places  a  double-deck  bus  is   suitable, 

as  evidenced  by  ita  sue  Ion,  New  York  City. 

.igo   and    Detroit,   in   all   of   which   cities   revenues 

exce-  i  comfortable  margin. 

1:   is  gratifying  that,  in  spite  of  the  rather  gloomy 
.re  painted,  the  consensus  of  opinion  among   your 
operators  seems  to  be  that  the  motorbus  is  here  to  stay. 
The   early   years    in    any    undertaking   are    generally 
painful.    They  appear  to  be  so  in  this  case.     However, 
I   am  informed  that   in   1921  composite  results   of   52 
railways  showed  46.5  cents  per  mile  revenue  and 
■15. 7  cents  per  mile  expense.    This  is  not  a  particularly 
;  icture  either. 
In  analyzing  the  reasons  cited  by  the  companies  in- 
.rated    as    to    why    motorbus    transportation    was 
taken  up,  considerable  light  is  thrown  on  the  subject. 
These  reasons  can  be  roughly  classified  as  follows : 
1 1 )   To  meet  competition 

To  give  better  service 
(3)   To  fulfill  an  obligation  resting  upon  a  trans- 
portation system  which  has  a  monopoly  of 
transportation 
To  feed  new  territory  at  a  minimum  of  in- 
vestment expense 
These  are  all  very  sound   and  economic   reasons.     I 
venture   to  suggest   that   in   some   cases   at   least   the 
proper    equipment   was   not   chosen.      Too   much    care 
cannot  be  given  to  this  matter.     Differences  in  types  of 
vehicle  may  easily  mean  the  difference  between  red  and 
black  figures  at  the  end  of  the  year. 

Proper  routing  is  another  important  element,  prob- 
ably not  very  well  understood  as  yet.  I  have  heard  of 
one  case  in  New  England  in  which  a  study  of  this 
member  of  the  equation  changed  a  loss  into  a  profit. 
Speed  of  operation,  a  very  important  factor,  is  not 
covered  adequately  in  the  report.  A  change  in  engine 
size,  gear  reduction,  or  the  like,  which  would  raise  the 
average  speed  of  a  city  bus,  even  so  much  as  10  per 
cent,  might  also  change  a  loss  into  a  profit. 

Little  appears  in  the  report  on  special  forms  of 
equipment  for  special  services  as  such.  These  special 
services  may,  when  properly  catered  to,  mean  the  dif- 
ference between  a  deficit  and  a  surplus.  The  motorbus 
is  excellently  adaptable  to  express  service,  which  even 
double-track  street-railways  cannot  give.  Double-deck 
buse.i,  furthermore,  create  a  traffic  of  their  own,  as 
people  delight  in  the  upper-deck  comforts.  They  leave 
their  motor  car3  at  home  and  come  into  town  on  the 
buses.  We  know  this  from  the  results  in  New  York 
and  Detroit.  The  bus  attracts  the  sight- 
seer as  no  trolley  car  or  single-deck  bus  can.  I  men- 
inta  simply  to  bring  out  the  fact  that  if 
all  of  these  features  of  motorbus  transportation  are 
studied  and  their  revenue-producing  capacity  made 
I    operating   financial    result   can    be 
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of  course,  have  recently  made  up  and  developed  special 
equipment.  Bus  service  demands  special  equipment 
from  end  to  end,  designed  primarily  for  bus  service. 
the  conditions  and  requirement.-;  of  which  are  totally 
different  from  those  obtaining  in  merchandise  trans- 
portation. 

Your  practice  shows  a  wide  variation  as  to  deprecia- 
tion. Surely  the  bases  given  can  be  made  more  nearly 
uniform.  On  the  whole,  it  seems  that  the  figures  taken 
are  unnecessarily  high.  With  the  right  equipment, 
that  is  one  that  will  not  soon  become  obsolete,  a  10- 
year  life  is  not  too  much  to  expect,  when  the  vehicles 
are  operated  under  good  maintenance  practice.  The 
table  prepared  by  the  committee  gives  depreciation  as 
about  13  per  cent  of  the  total  expense  on  the  average. 
This  seems  high.  Of  course,  in  the  early  days  of  any 
project  it  is  wise  to  err  on  the  safe  side,  but  it  seems 
that  there  were  enough  well  established  data,  as  evi- 
denced by  the  London  General  Omnibus  and  the  Fifth 
Avenue  Coach  Co.  practice,  to  indicate  7  or  8  per  cent 
as  being  an  adequate  depreciation.  I  note  that  your 
committee  advises  its  members  so  study  carefully  the 
factors  governing  depreciation.  This  is  very  timely 
advice. 

The  earnest  purpose  of  your  association  to  take  up 
the  new  instrument  of  transportation  that  our  industry 
has  produced,  and  to  give  it  a  fair  trial,  is  very  grati- 
fying. We  have  unlimited  confidence  in  its  future. 
We  know  that  we  are  just  beginning  to  understand  the 
problems  to  be  met.  We  appreciate  pretty  well  the 
necessity  of  special  equipment.  Working  with  you,  we 
can  more  and  more  meet  your  requirements.  On  the 
other  hand,  you  will  have  to  give  these  new  things  a 
fair  chance  to  show  what  can  be  accomplished,  and  to 
plan  their  operation,  as  you  have  done  in  most  cases, 
with  the  idea  of  making  them  financially  successful. 
The  motorbus  has  many  fundamental  characteristics 
that  make  it  excellently  adaptable  to  filling  a  public 
need.  It  should  enlarge  your  field  of  operations;  en- 
able you  to  hold  business  you  otherwise  would  lose; 
and,  properly  combined  with  your  railway  operations, 
lead  to  ultimate  economy  of  operation  of  the  entire 
system. 

I  think  it  is  the  general  opinion  that  the  highest 
usefulness  of  the  motorbus  is  attainable  by  street-rail- 
way organizations  in  conjunction  with  the  rest  of  their 
equipment,  rather  than  by  competitive  organizations. 

The  Society  of  Automotive  Engineers  hopes  that  this 
meeting  today  is  just  the  first  step  along  the  road  of 
cooperation  that  will  be  increasingly  profitable  to  both 
yourselves  and  ourselves.  We  stand  ready  to  do  our 
utmost  wherever  we  can  be  of  assistance.  It  will  give 
us  great  pleasure  to  have  some  representative  of  your 
organization  present  your  problems  to  us  at  each  of 
our  transportation  meetings,  which  we  have  decided 
to  hold  at  least  twice  a  year.  I  believe  that  the  closest 
possible  official  cooperation  between  our  two  organiza- 
tions is  highly  desirable.  Our  organization  will  leave 
no  stone  unturned  to  effect  this  cooperation. 

Standardization  Activities 

The   importance  of  the  formulation   and   the   reduction   to 
practice    of    pi  n    chanical    standards    was   emphasized 

repeatedly   during   the    meeting,    the   object   to  be   attained 
being   a    reductioi     of    CO  I     in    the    design,    construction    and 
operation  of  buses,  a    well  a    the  enhancement  of  the  quality 
of  the  product.     At  the  close  of  the  session  at  which  the 
operation  was  discussed,  H.  B.  Jv 

rintendent  of  the  ion  of  the   United    Eli 

Railway   I  0    id   that  the  American   Electric   Railway 

Association  go  on  record  as  approving  S.  A.  E.  Stand 
and  the  standards   of   the  affiliates   of   the   Association,      El 
advocated  full  intei  .bility  of  assembly  units,  includ- 

ing engii  implification    of    practice   with    regard   to 

•/  threads.     After  stressing  the  importance  of 
ity  of  bus  parts  in   general,   he  expressed  the  opinion   that 
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depreciation  of  20  per  cent  per  year  is  not  reasonable  and 
can  be  reduced.  He  recommended  strongly  that  committee 
organization  be  effected  to  take  up  standards  work  before  the 
bus  industry  becomes  too  old  to  put  into  effect  promptly 
standards  that  may  be  established  now.  In  this  connection 
the  full  cooperation  of  the  automotive  industry  was  sought. 
In  fact,  there  was  much  clear  and  striking  evidence  that  the 
street-railway  men  desire  to  work  closely  with  the  repre- 
sentative organizations  in  the  automotive  field  in  the  solu- 
tion of  various  problems  being  encountered  in  the  fast-grow- 
ing and  decidedly  important  bus  industry. 


Immediately  after  the  conclusion  of  the  session,  President 
Alden  addressed  the  executive  committee  of  the  American 
Electric  Railway  Association  on  the  matter  of  joint  pro- 
cedure in  the  formulation  of  motorbus  engineering  standards. 
He  stated  that  the  Society  had  already  decided  to  call  a 
preliminary  conference  on  this  subject,  with  the  purpose  of 
organizing  a  special  committee  to  study  it.  He  asked  that 
the  American  Electric  Railway  Association  designate  repre- 
sentatives to  take  part  in  the  preliminary  conference.  This 
was  done  promptly,  a  committee  being  named  by  the  street- 
railway  interests. 


BENZOL  AS  ENGINE  FUEL1 


THE  use  of  light  oil  as  engine  fuel  is  of  importance  in 
districts  adjacent  to  by-product  coking  operations  from 
which  a  reasonable  proportion  of  the  local  demand  may  be 
supplied.  Furthermore,  the  certainty  of  diminution  of 
petroleum  resources  in  the  relatively  near  future  demands  tho 
utmost  utilization  of  gasoline  substitutes  from  the  distillation 
of  coal,  as  well  as  from  other  sources. 

In  ordinary  coking  practice  from  1%  to  3  gal.  of  refined 
motor  benzol  is  obtained  per  ton  of  coal  carbonized.  The 
crude  benzol  is  yellow  in  color  and  contains  sulphur  com- 
pounds that  corrode  copper  and  brass;  it  also  contains  unsat- 
ured  bodies  that  oxidize  and  polymerize  on  standing,  pro- 
ducing sediment  and  forming  gummy  deposits.  These  along 
with  the  other  impurities  are  highly  objectionable  when  the 
benzol  is  used  in  internal-combustion  engines  and  therefore 
must  be  removed  by  further  refining  and  distillation. 

How  the  Fuels  Were  Tested 

To  investigate  the  practical  utility  of  these  fuels  the 
Bureau  of  Mines,  in  cooperation  with  the  Davison  Chemical 
Co.,  made  engine  tests  on  motor-benzol  fuels  refined  by  vari- 
ous methods.  The  testing  equipment  consisted  of  a  four- 
cylinder,  1915  model,  Lycoming  engine,  with  cylinders  of 
3%-in.  bore  and  5-in.  stroke.  The  engine  was  directly  con- 
nected to  a  Sprague  electric  dynamometer  and  revolution 
counter,  from  which  the  brake  load  and  the  horsepower 
developed  could  be  obtained.  The  speed  of  the  engine  was 
kept  constant  and  an  orifice  plate  inserted  between  the  car- 
bureter and  the  intake-manifold  gave  a  non-varying  throttle 
adjustment  so  that  the  amount  of  the  fuel-air  mixture  enter- 
ing the  engine  would  be  approximately  constant.  The  fuel 
was  supplied  from  a  large  graduated  tank,  and  a  record  was 
kept  of  the  weight  of  fuel  consumed  during  each  test.  The 
air-fuel  ratios  10.1  to  1  and  13.5  to  1,  were  calculated  from 
an  ultimate  analysis  of  the  fuel  and  the  analysis  of  the 
exhaust  gas.  The  testing  period  was  set  at  40  hr.  at  an 
engine  speed  of  100  r.  p.  m.  The  temperature  of  the  cooling 
water  flowing  through  the  engine  was  kept  at  150  deg.  fahr., 
±  1  deg.  All  readings  were  taken  every  15  min.,  and  sam- 
ples of  exhaust  gas  every  hour.  At  the  end  of  a  run,  the 
quantity  of  fuel  consumed  was  measured;  then  the  carbon 
was  removed  from  the  cylinder-head,  cylinder  block,  spark- 
plugs, and  piston-head  and  was  weighed.  The  so-called 
gummy  deposits,  when  present,  were  found  to  collect  under 
the  intake-valves,  on  the  stems  and  in  the  intake-manifold, 
close  to  where  the  gas  mixture  entered  the  combustion- 
chamber.  After  each  test  these  deposits  were  removed  and 
weighed. 

Performance  of  Different  Fuels 

The  crude  motor  benzol  used  was  a  totally  unrefined  light 
oil  direct  from  the  wash-oil  still  of  a  large  coke  oven  plant 
of  the  Koppers  type.  That  portion  boiling  below  150  deg. 
cent.  (302  deg.  fahr.)  was  taken  for  the  test.     The  run  with 


1  Synopsis  of  a  monthly  report  of  an  investigation  prepared  by 
A.  C.  Fieldner  and  G.  W.  Jones  of  the  Bureau  of  Mines  Experiment 
Station.  Pittsburgh. 


this  oil  at  a  10.1  to  1  air-fuel  ratio  showed  that  engine  trouble 
was  confined  to  gummy  deposits  sticking  in  certain  of  the 
intake-valves  while  the  engine  was  stopped  and  became  cold 
over  night.  At  the  end  of  the  run,  heavy  gummy  deposits 
were  found  in  the  intake-manifold  and  under  the  intake- 
valves.  The  deposits  were  hard  and  brittle  and  had  little 
odor.  With  the  13.5  to  1  air-fuel  ratio,  considerable  gummy 
deposits  were  noted  in  the  intake-manifold  and  under  the 
inlet-valves  after  a  16-hr.  run. 

It  was  concluded  that  crude  motor  benzol  cannot  be  used 
satisfactorily  in  an  internal-combustion  engine  until  after 
certain  compounds  that  form  these  gummy  deposits  are  re- 
moved. These  deposits,  after  a  variable  period  of  operation, 
prevent  the  valves  from  seating,  cause  the  gases  to  pop  back 
into  the  carbureter  and  eventually  stop  the  engine. 

The  acid-refined  motor  benzol  used  was  a  crude  light  oil 
that  had  been  washed  with  (a)  sulphuric  acid,  (6)  caustic 
soda  solution  and  (c)  water,  and  then  redistilled  up  to  a 
temperature  of  from  130  to  140  deg.  cent.  (266  to  284  deg. 
fahr.).  With  air-fuel  ratios  of  10  to  1  and  13.4  to  1,  the 
engine  ran  satisfactorily  throughout  the  full  40-hr.  test,  with- 
out any  valve  trouble.  A  very  thin  gummy  deposit  was 
found  in  the  intake-manifold  on  two  valve-stems,  but  the 
quantity  was  too  small  to  weigh. 

The  crude  benzol  subjected  to  silica-gel  refining  was  pre- 
pared from  a  new  lot  of  crude  light  oil,  which  was  distilled 
up  to  143  deg.  cent.  (289.4  deg.  fahr.).  This  distillate  was 
vigorously  agitated  with  0.25  per  cent  of  caustic  soda  in  an 
equal  weight  of  water.  After  %  or  1  hr.  of  settling,  the 
alkaline  solution  was  carefully  separated,  and  the  benzol 
subjected  to  percolation  through  silica  gel.  This  material 
had  been  finely  ground,  all  passing  through  150  mesh,  and 
was  freshly  activated  before  being  used. 

With  the  silica-gel  treated  motor  benzol  and  an  air-fuel 
ratio  of  10.4  to  1,  no  valve  trouble  developed  during  the 
40-hr.  run.  A  very  small  deposit  was  found  in  the  intake- 
manifold,  and  a  slight  sooty  deposit  on  the  underside  of  the 
inlet-valve  heads.  The  valve-stems  were  exceptionally  clean; 
in  fact,  the  inlet-valves  and  the  intake-manifold  were  cleaner 
than  in  any  previous  test. 

Conclusions 

(1)  Crude  motor  benzol  cannot  be  used  satisfactorily 

in  an  internal  combustion  engine 

(2)  Acid-refined    or   silica-gel   refined   benzols   develop 

no  engine  troubles  and  are  satisfactory  to  use 
therein,  providing  the  refining  process  in  either 
case  is  complete  in  removing  the  gum-formin? 
constituents 

(3)  Variation  in  the  air-fuel  ratio  in  these  tests  showed 

no  definite  influence  on  the  quantity  of  gummy 
deposits  formed 

(4)  A  motor-benzol  fuel  that  gives  an  evaporation  resi 

due  of  less  than  0.01  per  cent  by  weight  should 
not  give  gummy  deposits  in  the  intake-manifold 
and  on  the  intake-valves,  when  used  in  an  inter- 
nal-combustion engine 
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NUMEROUS  wage-incentive  plans  are  now  In  opera- 
:n  the  various  aut  -;d  other  industrial 

pla:  •  ne   proper    system   to    install   in    a   given 

plant,  whereby  ur,  .11  be  maintained  levej  and 

at   the   same   time    proper   cooperation    from   empl 
will  be  obtained,  has  always  been  open  to  discussion. 
■  plan  now  in  use  by  the  company  represented  by 
.  ght   individual  piece-work  on  small- 
parts  operation  where   one,  two   or  even   three  opera- 
■npltte    the    particular    part,    and    where   only 
one  operators   are  engaged   in    machining    or 

nbling  the  particular  unit;  whereas,  on  the  major 
machining  and  assembly  units  such  as  cylinder-block 
machining  and  engine  or  complete-car-assembly  units 
group   p:  is   employed   throughout   the   entire 

pla 

..lation  of  individual  and  of  group  piece- 
,  unit  costs  are  maintained  level  at  all  times;  in 
addition,  the  workmen  employed  are  able  to  deter- 
mine very  easily  by  their  own  calculations  what  they 
have  earned  either  daily  or  at  any  hour  of  the  day. 
in  direct  contrast  to  other  and  more  compli- 
cate .  wherein   unit  costs   are  not   maintained 

r  gi%-en  periods  and  workmen  in  many  ca 
are  required  to  work  for  a  complete  pay-period  without 
g  able  to  ascertain  their  earnings  over  and  above 
-  guaranteed  day-r 

feature  of  the  group  and  the  individual 
piece-work  plan  is  the  small  clerical  force  necessary 
'inctioning  of  the  system.  Our  company  and 
its  employes  feel  that  the  wage-incentive  plans  now 
in  operation  have  met  all  of  the  principal  objections 
generally  experienced  with  other  wage-incentive 
tarns. 

WAGE-INCENTn  I  institute  one  i 

important    problems    of    the    industrial    world. 
items,  management  and 
personnel  administration  cover  their  systems  very  well; 
their  articles  are  largely  lacking   in   statistical   in- 
ation.     In  modern  industry',  the  unit-cost  of  produc- 
tion  is  an   important  factor.     It  does   not   matter   how 
much  a  man  per  hour  or  per  day  if  his  output 

.  proportion  to  his  wages.     There  are  many  plants 
•■ell  organized  that  they  pay  high  v. 
m  production-cost,  while  other  plants  i 

have  a  high  unit-cost  of  production  in 
that  they  are  paying  low  wages. 
ally  all  managers  of  modern  plants  believe  that 
•ive    plan    is    necessary    to    attain    the 
le.      The    subject    of    D 

ige-incentive  plans  is:    What  is  the 

Many  rj  •  dard 
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ration  and  Routing  Sheet  for  Group  Piece-Work 

I  'Heated  and  involve  a  large  amount  of  clerical  work 
and  maintenance  expense.     Using  such  systems,  the  em- 

<r  does  not  know  with  certainty  in  advance  just 
what  the  direct  labor-cost  will  be,  nor  does  the  employe 
know  what  his  earnings  will  amount  to  in  a  pay-period. 

B  rule,  costs  and  earnings  are  compiled  at  the  end 
"i  a  pay-pei  i"'i  or  every  month. 

Manufacturing  conditions,  as  well  as  the  manufactur- 
ing p  in  the  departments  of  a  large  plant,  vary 

iderably  and  cause  entirely  different  problems  to 
arise.  Therefore,  a  single  wage-incentive  plan  which 
will  fit  all  departments  in  an  automobile  plant  satis- 
factorily is  yet  to  be  evolved.     The  straight  piece-work 

been  criticized  severely  by  both  empl 
and  employe,  sometimes  unjustly  because  of  the  applica- 
tion of  piece-work  to  operations  which  do  not  lend  them- 
selves to  this  form  of  wage-incentive.  When  the  correct 
and  applicable  system  is  used,  the  opposition  of  labor 
is  reduced  to  the  minimum.     However,  there  are  many 
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OPER- 


OPERATION 


The  following  operations  are  to  be 
performed  by  the  entire  group:- 

s.     Ill  operations  on  cmveyor  from 
iprlng  mounting  to   finished  car  in- 
cluding spraying  of  chassis. 

b.  Ill  sab-assembly  operations  eacept 
lng  running  boards  and  flo^r  boards 
which  are  to  be  -orkBd  on  Individual 
piece-woric. 

c.  All  body  assembly, covering  all 
model  oars. 

d.  Assembly  all  cables,   ready  for 
car;  assemble  all  ignition  t  light- 
ing wires  ready  for  car,  all  models; 
assemble  instrument  panel  complete; 
assemble  dispatch  switch. 


HOTE;-  ?he  above  price  per  completed  a  r  and 
as  a  group  covering  all  rren  wording  I  n  ope 
of  operations  described  abo-e. 
The  total  group  earnings  are  to  be  pifo-ratt 
number  of  men  in  the  entire  group  act  o-ding 
employee's  clay  rate. 
This  price  applles-to  all  model  cars 
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Fig.  2 — Another  Group  Piece- Work  Operation  and  Routing  Sheet 

operations  in  connection  with  which  straight  piece-work 
is  perhaps  the  best  incentive-plan  to  apply.  The  same 
is  true  of  other  forms  of  wage-payment  plans  whenever 
one  particular  system  is  used  throughout  a  factory. 

A  Combination  of  Systems 

The  company  I  represent  has  adopted  the  group  piece- 
work plan  for  the  major  assembly  units  and  machining 
departments,  sample  forms  being  shown  in  Figs.  1  and 
2.  Straight  individual  piece-work,  a  record  form  for 
which  is  shown  in  Fig.  3,  is  used  for  small  parts  on 
which  the  operations  do  not  lend  themselves  very  readily 
to  group  piece-work  and  which  are,  in  fact,  apart  from 
any  group  of  men  or  operations  which  involve  only  one, 
two  or  three  operations  to  complete  the  part.  The  piece- 
work prices  are  established  from  data  obtained  in  an 
elemental  time-study.  The  time-study  record  is  shown 
in  Fig.  4. 

The  group  piece-work  plan  is  fundamentally  the  same 
as  straight  piece-work.  A  time-study  of  all  the  operations 
in  the  entire  group  is  taken,  reasonable  allowances  for 
fatigue,  tools  and  contingencies  are  made,  and  the  price 
is  set  based  on  the  additive  time.  The  group  earnings 
are  derived  from  the  number  of  accepted  finished  units 
multiplied  by  the  unit  price.  The  individual  workman's 
earnings  are  prorated  out  of  the  group  earnings  based  on 
his  hourly  rate  and  the  number  of  hours  worked.  A 
simple  method  of  figuring  the  individual  earnings  is  that : 
The  total  group  piece-work  earnings  divided  by  the  total 
day-rate  earnings  of  the  group  equals  the  factor  by  which 


is  multiplied  the  workmen's  day-rate  earnings;  this  gives 
his  prorated  piece-work  amount.    Thus, 

W  =  T/D  x  H  xR 
where 

D  =  Total  group  hourly-rate 
H  -=  Hours  worked 
R  =  Hourly  rate 
T  =  Total  group-earnings 
W  =  Employe's  total  earnings 

Differentiation  of  Hourly  Rates 

One  of  the  important  factors  in  the  successful  opera- 
tion of  the  group  plan  is  the  differentiation  of  hourly 
rates.  The  most  careful  judgment  should  be  exercised 
in  rating  the  men  according  to  their  ability  and  to  the 
skill  required  to  perform  the  respective  operations.  All 
unskilled  operators,  including  new  men,  should  receive 
the  minimum  hourly-rate;  skilled  and  semi-skilled  work- 
men should  be  rated  accordingly,  above  the  minimum 
rate.  Maximum  and  minimum  hourly-rates  are  speci- 
fied by  the  management  and  all  rates  must  be  within 
those  specified.  If  a  workman  requests  an  increase  in 
hourly  rate,  and  the  increase  is  favorably  recommended 
by  the  department  foreman,  this  can  be  granted  without 
increasing  the  cost  of  the  unit,  as  the  workman  simply 
receives  a  higher  prorated  share  of  the  total  group-earn- 
ings. This  has  been  an  important  and  satisfactory 
factor  in  the  revision  of  rates,  and  balances  better  the 
earnings  of  the  various  operators  according  to  the  work 
which  they  perform. 

Number  of  Men  Required 
Another  feature  of  the  group  piece-work  plan  is  the 
immediate  determination  by  the  foreman  of  the  number 
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Fig.  3 — Operation  and  Routing  Sheet  for  Individual  Piece-Work 
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of    men    required    to    produce    according    to    any    given 
dule  of  units.     F  ;  ie,  if  it  requires  100  men 

to  finish  100  unite  per  d..  hedule  of  produc- 

ed drop  75  nun  would   be   re- 

Bowever,   if   the   schedule 
id  drop  to  50.  it  would,  in  actual  practice,  require  a 
..n  50  men.  due  to  the  fact  that  each  work- 
man would  have  to  perform  more  operations  and  indi- 
vidual   production    would    be    limited    for    that    reason, 
the  schedule  of  production  is  increased, 
to  150  units  per  day,  it  would  not  require  50  addi- 
-i  men  in  actual  practice. 

Unit-Cost 

The  group  or  cost  price  of  each  unit  should  be  based 
on  a  schedule  as  nearly  uniform  as  it  is  possible  to  set, 
and  a  slight  fluctuation  either  upward  or  downward 
would  not  affect  the  price.  Any  wide  variation  in  pro- 
duction would  tend  to  change  the  original  rate,  and 
-sitate  a  slight  change  in  the  piece-work  price  of 
the  unit.  Little  has  been  said  by  others  about  this 
feature  of  group  work,  but  it  is  a  factor  to  be  reckoned 
at  certain  times  of  1  ar  when  production  fluctu- 

However,  how  far  from  the  original  schedule  we 
can  go,  either  upward  or  downward,  before  the  price  is 
affected,  is  to  be  determined  in  any  individual  plant 
wherever  the  group  prices  are  established. 

Adding  Nkw  Mbn 

When  a  new  employe  is  added  to  the  group,  he  can 
be  allowed  to  work  in  the  group  2  days  at  his  regular 
day-rate  before  participating  in  the  group  earnings. 
After  that  period  he  is  prorated  among  the  group.  Should 
the  new  employe  be  too  slow,  or  not  satisfactory  to  the 

TIME   STUDY   RECORD 
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r<st  of  the  group,  he  is  taken  out.  In  this  way  the  com- 
pany bears  a  portion  of  the  expense  of  breaking-in  the 
new  man,  and  so  does  the  group.  At  our  plant,  as  a 
rule,  when  a  new  employe  is  put  into  the  group,  he  is 
Btarted-ofi  at  the  group  price.  In  cases  where  the  labor 
turnover  would  be  exceedingly  high  for  a  short  period, 
one  way  to  handle  the  new  employe  is  to  place  him  on  his 
hourly  day-rate  for  a  period  of  2  or  3  days  and  deduct 
this  amount  from  the  group  earnings;  but,  as  stated 
previously,  we  have  never  had  to  apply  this  feature. 

The  employes  are  desirous  of  earning  as  much  money 
as  possible;  therefore,  their  interest  in  the  group  is  also 
to  keep  the  number  of  employes  down  to  the  minimum. 
The  spirit  of  teamwork  is  developed  in  each  group,  and 
the  inefficient  workers  are  eliminated  b;  the  other  group- 
Inspector's  Report 
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workers;  this  relieves  the  foreman  to  some  extent  of  this 
phase  of  supervision. 

Records 

An  inspector's  coupon,  shown  in  Fig.  5,  is  made  out  by 
the  inspection  department.  It  shows  the  number  of 
units  completed  daily  in  each  group,  and  the  quantity 
OK'ed  and  rejected;  and  is  turned  into  the  time-keep- 
ing office  not  later  than  8:00  a.  m.  the  following  day. 
From  this  inspector's  coupon  the  time-keeping  depart- 
ment makes  up  a  group  piece-work  report  showing  all 
of  the  employes  in  the  group,  the  number  of  hours  worked 
and  the  amount  earned  according  to  their  hourly  day- 
rates;  it  is  illustrated  in  Fig.  6.  The  report  is  made  in 
quadruplicate;  the  first  copy  goes  to  the  pay-roll  depart- 
ment, the  second  to  the  time-study  department,  the  third 
to  the  foreman  of  the  department  and  the  fourth  copy  is 
retained  by  the  time-keeping  department.  The  foreman 
of  each  department  is  enabled  to  know  before  10:00  a.  m. 
each  day  just  what  each  individual's  earnings  were  for 
the  previous  day.  This  feature  of  the  group  system  is 
highly  favored  by  the  employes. 

Some  of  our  employes  have  worked  on  group  systems 
in  other  plants,  and  could  not  be  informed  what  their 
earnings  were  until  the  end  of  the  pay-period.  The 
ability  to  inform  the  employe  on  a  given  day  what  his 
earnings  were  on  the  previous  day  is  one  of  the  reasons 
the  method  described  is  favored  by  both  the  company  I 
represent  and  its  employes.  If  an  employe  quits  or  is 
discharged,  we  can  calculate  his  pay  from  the  number  of 
units  finished  at  any  hour  of  the  day,  inasmuch  a 
know  how  many  units  have  been  completed  up  to  that 
time. 

The  only  time-card  used  is  an  in-and-out  card  show- 
ing the  employe'  attendance.  The  time-cards  are 
stamped  by  the  time-keeping  department,  indicating  the 
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Fig.   6 — Group  Piece- Work  Report 


group  number  to  which  the  workman  is  assigned;  the 
employe  merely  rings  "in"  and  "out"  upon  entering  and 
leaving  the  factory. 

Group  Size 

The  question  often  arises  as  to  the  proper  size  of  a 
group.  We  have  found  that  the  group  should  be  limited 
to  the  unit  itself.  There  should  be  not  more  than  one 
group  on  any  one  unit.  We  have  in  operation  one  group 
of  92  men,  and  one  group  of  83  men;  the  smaller  groups 
run  as  low  as  3  men.  Other  groups  are  of  10,  15  and  20 
men.  Each  group  of  men  completes  one  unit.  By  having 
the  group  gaged  according  to  the  unit,  there  is  no  ten- 
dency for  any  of  the  prices  or  for  production  to  be  out 
of  balance.  For  example,  if  two  groups  were  engaged 
in  one  unit,  one  group  might  be  short  2  or  3  men  and 
not  be  able  to  furnish  the  second  group  with  enough 
units  to  keep  its  men  busy;  the  latter  would  be  limited 
to  what  the  first  group  produced;  but,  by  having  all  in 
one  group,  the  production  would  be  balanced  to  suit  the 
number  of  men  engaged.  There  is  a  limit  perhaps  to 
the  size  of  a  group,  but  we  have  yet  to  find  what  the 
high  limit  is. 

Material  Supply  and  Costs 

Whenever  parts  needed  by  a  group-unit  are  required 
for  service,  the  service  department  issues  a  requisition 
in  duplicate,  one  copy  of  which  goes  to  the  time-keeping 
department  as  a  check  against  the  number  of  pieces 
withdrawn.  For  example,  the  service  department  may 
require  100  valve-lifter  assemblies.  The  engine-assembly 
group  assembles  the  valve  lifters  that  are  paid  for  at  a 
certain  price  per  piece,  and  the  total  earnings  from  these 
service  parts  assembled  are  added  to  the  group  earnings 
and  prorated  among  the  entire  group.     All  piece  prices 


covering  service  parts  are  established  from  the  time 
studies  made  on  the  component  parts  of  the  group  when 
the  group  unit  is  originally  timed.  Thus,  with  a  flat 
price  on  any  group,  the  management,  the  cost  department 
and  the  employes  know  at  all  times  what  the  price  per 
unit  is.  There  are  no  bonus  nor  premium  calculations 
which  in  any  way  vary  the  costs. 

Any  increase  in  workmen's  hourly-rates  does  not  affect 
the  cost,  and  the  one  thing  that  the  employer  wants  to 
know  with  certainty  at  all  times  is  just  what  the  direct 
labor  cost  is.  A  definite  understanding  is  had  between 
the  employer  and  the  employes  as  to  the  amount  of  work 
to  be  produced  for  the  compensation  to  be  received. 
Failure  of  some  systems  to  accomplish  this  has  been  the 
principal  reason  for  objections  to  other  wage-incentive 
plans.  Some  of  these  systems  are  so  complicated  that 
the  employe  cannot  understand  them  or  figure  his  own 
wages;  it  is  also  necessary  for  the  cost  department  to 
maintain  a  large  clerical  force  to  keep  the  proper  records 
needed  to  secure  costs.  The  costs  so  obtained  are  sub- 
ject to  fluctuations,  and  it  is  necessary  to  compile  them 
for  a  period  of  from  6  to  12  months  to  obtain  an  average 
cost.  It  seems,  then,  that  the  ideal  system  is  one  which 
can  be  "sold"  to  the  employer  and  the  employe  as  well. 
and  will  tell  at  all  times  the  definite  work  to  be  done  and 
what  the  compensation  therefor  shall  be.  It  appears  that 
many  systems  that  have  been  devised  have  been  wholly 
lacking  in  this  respect. 

Our  company  and  its  employes  feel  that  the  group 
piece-work  and  the  straight  piece-work  methods  now  in 
operation  in  our  plant  have  met  all  of  the  principal  ob- 
jections generally  experienced  with  other  wage-incentive 
systems,  and  think  that  this  system  is  satisfactory  in 
every  way. 


AUTOMOBILE  INTERIORS  MORE  COMFORTABLE 


ATTENTION  has  been  called  previously  to  a  simple  means 
■  for  decreasing  the  heat  radiated  through  a  tent  or  other 
light  covering  that  is  exposed  to  the  sun.  By  coating  the 
underside  of  the  tent  cloth  with  aluminum  paint,  the  heat 
radiated  from  the  underside  is  reduced  by  86  per  cent.  Paint- 
ing the  outside  with  aluminum  paint  was  found  to  be  slightly 
less  efficient,  the  heat  radiated  from  the  underside  being  re- 
duced only  about  80  per  cent. 

Coverings  of  conveyances,  such  as,  for  example,  the  tops 


of  automobiles,  ice  wagons,  etc.,  consist  of  cloth,  the  outside 
of  which  is  often  painted  with  a  black  composition  that  ab- 
sorbs perhaps  90  per  cent  of  the  sun's  rays.  Practically 
half  of  this  is  radiated  from  the  underside  of  the  cloth. 
Tests  are  in  progress  at  the  Bureau  of  Standards  which 
show  that  a  coating  of  aluminum  paint  applied  either  to  the 
outside  or  inside  of  such  tops  reduces  by  50  to  60  per  cent 
the  intensity  of  the  heat  radiated  from  the  underside  into 
the  interior. — Bureau  of  Standards  Technical  News  Bulletin. 
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D  I' KING  the  last  quarter  of  a  century,  which  covers  the 
:  tion  and  growth  of  the  automotive  industry,  there 
have  been  many  and  remarkable  changes  in  the  world  of 
commerce.  This  period  covers  the  time  when  intense  agi- 
tation against  the  accumulation  of  financial  and  industrial 
power  in  the  hands  of  a  few  individuals  brought  out  the  fact 
that  a  successful  business  compatible  with  the  public  wel- 
fare must  not  only  be  law-abiding  but  also  possess  a  high 
sense  of  responsibility  and  that  quality  which  we  call  char- 
acter. 

In  the  beginning  of  our  industry,  founded  as  it  was  on  the 
•.ion   of  a   new   device,  the   individual  occupied   a   most 
.cuous  place.     This   was  a   phase   that  passed    rapidly, 
.:  this  period  and  for  some  time  thereafter  we  saw 
this   individualism   strongly   emphasized.     Sales   appeal   was 
■ased  on  novelty  and  the  sporting  instinct  as  it  reacted 
to  the  speed  possibilities;  following  this,  the  matter  of  luxury 
of  appearance  and  appointment,  and,  finally,  the  question  of 
■portation  facility, 
h  this  change  in  perspective  and  the  continually  broad- 
ening market  opened  up  by  the  reduction  in  price  made  pos- 
sible by  an  increasing  volume  of  production,  the  importance 
of  the  individual  and  of  the  efforts  of   inventive  genius  as 
need  by  distinctive  mechanical  details,  has  given   place 
to  the  collective  efforts  of  an  organization  in  developing  the 
automobile  and  fitting  it  into  the  fabric  of  our  national  life 
as   the  principal   means   of  individual   transportation.     This 
development   in   design   and   the   methods   of  production    are 
jffkient  in  themselves,  however,  to  make  it  possible  for 
the    automobile   to   give   a   satisfactory   performance    in   this 
field. 

It  seems  to  be  fundamentally  sound  to  anticipate  that  a 
piece  of  mechanism  as  complicated  as  an  automobile,  even 
if  placed  in  the  hands  of  the  most  expert  operator  but  sub- 
jected to  the  variables  of  climate  and  road  condition  to  which 
it  is  generally  exposed,  would,  even  if  initially  perfect  in 
design  and  in  the  selection  of  materials  and  in  the  manufac- 
ture and  assembly  of  component  parts,  be  subject  to  wear  and 
depreciation  which  sometime  or  other  during  the  life  of  the 
••  would  require  attention  in  the  way  of  adjustment, 
repair  or  renewal  which  could  only  be  taken  care 

rly   in   an   adequately  equipped   shop,   manned   by  a 
;nization.     It  be  equally 

that  th     p  '.'i  of  such  facilities 

•adjunct   to   the   business   of  building   and    gelling 
hich  can  not  only  perform  its  functions  to  the 
-nt  of  the  reputation  of  the  product  which  it  n 
pliafl  this  result  on  a  profitable  basis. 

A  conditions  outlined  in  the  foregoing,  we 

:    for  a  service  ation,   it  is  at  once 

parture  from  thi-  ideal  state  by  the  intro- 

■  triplicating  factors  such  as  inexpert  opera- 

gn,    shortcomings    in    manufacture    in 

;    parts,   to   mention   but   a   few,   mat 

absol  that  any  product,  to  be  successful  in  the 

hands  of  ice  facilities. 

U  ■.'.•  VM  TURE 

It   is   pr  ect   that  a   vehicle  as   it 

.   ■      •  d   thai    no 
tion  should  be  pn 
In    the   event   of   the    presence   of   these   variables    it    is,    of 

...I    Automobile 
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course,  not  bo  be  supposed  that  the  purchaser  should  be 
penalized  by  having  to  bear  the  burden  of  the  results  of  these 
shortcomings.  On  the  other  hand,  it  is  possible  that  a  mod- 
erate expenditure  on  the  part  of  a  selling  organization  in 
the  way  of  free  service  may  be  a  legitimate  form  of  adver- 
tising, especially  in  new  territories,  or  with  particularly  un- 
skilled operators. 

It  is,  of  course,  self-evident  that  the  facilities  mentioned 
cannot  of  themselves  insure  satisfactory  service  or  that  min- 
imum oi  maintenance  expense  which  is  rapidly  becoming 
essential.  The  designer  cannot  content  himself  with  creat- 
ing a  cleaiuut,  neat  design  with  proper  factors  of  safety  in 
materials  and  adequate  bearing  surfaces  and  facilities  for 
lubrication  if  the  components  are  so  related  to  each  other 
that  the  machine  can  be  repaired  only  with  an  unwarranted 
expenditure  of  labor  and  the  use  of  special  tools  and  equip- 
ment. He  must  recognize  that  there  are  certain  things  which 
will  happen,  making  repair  and  adjustment  necessary,  and 
must  provide  in  the  design  that  this  can  be  done  easily  and 
economically,  just  as  he  knows  there  are  certain  things  which 
must  not  fail  except  under  the  most  extreme  circumstances. 

In  laying  down  a  design  for  a  vehicle,  there  are  a  number 
of  limiting  factors  which  must  be  taken  into  consideration. 
Some  of  these  are  of  a  commercial  nature,  such  as  the  mar- 
ket to  be  reached  and  the  price-level  to  be  established.  Some 
of  them  are  of  a  technical  nature,  such  as  the  power  and 
performance  expected  and  the  strength  and  endurance  to  be 
built  into  the  design.  Others  have  to  do  with  production, 
such  as  the  character  of  the  parts  in  relation  to  the  equip- 
ment and  the  plant  available.  Some  of  them  have  to  do 
with  operation  and  service,  sueh  as  the  number  and  the  com- 
plexity of  the  parts  and  the  accessibility  for  repair  and  ad- 
justment. 

This  classification  is  not  definite,  for  the  reason  that  these 
requirements  overlap,  some  of  them  having  to  be  considered 
from  several  angles.  It  is  obvious  that  a  100-per  cent  solution 
of  the  problem,  taking  into  consideration  all  of  these  factors, 
is  difficult,  if  not  impossible.  The  result  will  therefore  be  a 
compromise  in  which  some  of  these  details  have  been  given 
preference  over  others. 

In  most  organizations  the  influence  of  their  commercial, 
sales  and  production  divisions  are  closer  to  the  designer 
than  is  the  service  end,  with  the  result  that  more  attention 
is  paid  to  ease  and  economy  of  construction  and  to  appear- 
ance than  to  the  equally  important  matter  of  accessibility  and 
simplicity  in  maintenance.  I  believe  that  one  reason  why 
this  is  so  is  that  there  has  not  been  the  unified  opinion  I 
the  service  department  as  a  result  of  cooperative  a. 
that  there  ba    been  from  the  other  divisions. 

Elements  of  Service  Facilities 

Accordingly,  we  can   say  that  the 
facturer  in  the  establishment  and  maintenance  of  adequate 
service  fa<  i     in  three  directions:  first,  thai  his  p 

uct  shall  be  placed  in  the  hands  of  the  pro  pective  user  with 
such  instruct!'  i     ential  to  insure  its  being  operated 

in  a  d,   thai   along  with  the   facilities 

for  selling  the  producl  I  here  shall  be  adjacent  to  each  user  an 
organization  and  equipment  competent  to  remedy  such  de- 
fects in  design  and  construction  as  may  exist  and  for  which 
he  is  responsible,  and  facilities  for  the  supply  of  correspond- 
ing renewal  parts,  and  for  the  performance  of  such  repair 
work  as  will  be  aece  -ary  due  to  normal  depreciation  from 
usage;  third,  an  organization  which  on  account  of  its  corn- 
nce    and    familiarity    with    the    product   can    report   the 
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nature  and  scope  of  difficulties  that  develop  in  service,  due 
to  either  defective  construction  or  normal  usage,  together 
with  a  criticism  of  the  design  from  the  viewpoint  of  accessi- 
bility, for  the  purpose  of  permitting  intelligent  and  con- 
stant development  and  improvement  of  the  product. 

It  may  seem  that  the  valuable  aid  which  the  service  organ- 
ization can  render  to  the  selling  and  manufacturing  depart- 
ments would  be  an  asset  in  which  it  would  be  a  desirable 
thing  for  an  individual  company  to  excel  to  the  point  where 
no  one  else  could  compete.  Such  a  conception  would  require 
guarding  the  methods  and  the  processes  in  use  with  the 
greatest  secrecy.  The  growth  of  the  industry  in  the  past  and 
its  potential  growth  in  the  future  make  it  evident  that  no 
individual  organization  can  possibly  control  this  factor  or 
supply  the  facilities  that  should  be  available  to  provide  ade- 
quately for  even  its  own  product. 

As  the  automotive  industry  grows  and  as  competition  be- 
comes keener,  as  the  general  public  becomes  more  automo- 
bile-wise, the  question  of  the  cost  of  maintaining  the  equip- 
ment in  operation  will  bear  a  larger  and  larger  significance. 
The  United  States  is  the  only  country  that,  up  to  this  time, 
has  adopted  the  automobile  as  an  everyday,  all-the-year 
round,  continuous  means  of  transportation.  One  reason  for 
this  is  that  we  have,  in  view  of  the  character  of  design  and 
our  methods  of  production,  been  able  to  place  vehicles  in  the 
hands  of  the  public  at  prices  that  came  within  the  reach  of 
everyone,  irrespective  of  social  or  financial  conditions. 

The  matter  of  the  oft-discussed  topic  of  the  saturation 
point  of  the  automobile  market  bears  no  significance  in  my 
mind,  except  insofar  as  we  are  unable  to  find  practical  means 
for  keeping  the  cost  of  operation  down  to  reasonable  figures. 
How  to  do  this  has  no  part  as  a  subject  in  my  discussion, 
but  is  a  subject  with  which  the  service-man  and  the  service 
organization  are  most  intimately  and  vitally  concerned,  and 
the  sooner  the  service  people  can  get  together  and  discuss  this 
problem  from  all  its  manifold  angles  and  present  the  subject, 
analyzed  and  in  detail,  to  the  sales,  production  and  engineer- 
ing departments  of  the  organizations  with  which  they  are 
connected,  the  sooner  will  we  begin  to  make  real  progress 
along  this  line.  It  is  probably  unnecessary  to  point  out  that 
considerable  progress  can  be  made  and,  as  stated  before,  is 
absolutely  essential. 

Increased  Cooperation  Needed 

The  spirit  of  the  times  is  for  increased  cooperation  in  the 
development  of  matters  of  this  sort  that  will  move  forward 
the  individual  with  the  industry.  This  cooperation  does  not 
mean  the  elimination  of  rational  competition  but  it  does 
mean  the  elimination  of  unreasoning  antipathy  to  associat- 
ing and  exchanging  experience  on  a  cooperative  basis  with 
others  in  the  same  line  of  endeavor.  It  is  not  so  many  years 
ago  that  the  automobile  industry  was  composed  of  a  group 
of  units,  each  individual  being  suspicious  of  the  methods  and 
ideals  of  its  competitors.  Our  factories  were  locked  up,  and 
particularly  our  experimental  and  engineering  departments 
were  kept  guarded  in  a  most  jealous  manner. 

The  contact  between  and  the  association  of  manufacturers 
that  has  been  developed  in  the  National  Automobile  Chamber 
of  Commerce,  growing  out  of  the  Association  of  Licensed  Au- 
tomobile Manufacturers,  and  the  interchange  of  ideas  and 
the  expansion  of  knowledge  which  have  resulted  from  the 
growth  of  the  Society  of  Automotive  Engineers,  successor  to 
the  old  mechanical  branch  of  the  Association  of  Licensed 
Automobile  Manufacturers,  have  been  in  harmony  with  the 
increase  in  cooperation  in  all  lines  of  endeavor.  The  results 
have  indicated  how  much  is  to  be  gained  by  this  form  of  asso- 
ciation and  interchange  of  ideas. 

The  Society  of  Automotive  Engineers  has  recognized  for 
some  time  that  in  the  automotive  field,  as  in  that  of  the 
railroad,  there  will  eventually  be  many  more  engineers  occu- 
pied with  the  operation  of  vehicles  than  with  their  design 
and  construction,  and  that  to  become  a  truly  representative 
organization  for  the  engineering  fraternity  of  the  automo- 
tive field  it  will  be  necessary  to  widen  its  field  of  operations 
and  the  scope  of  its  programs  to  provide  for  this  large  and 
rapidly  growing   class  of  men.     Therefore,   within   the   last 


several  years  there  have  been  held  at  Chicago,  in  connection 
with  the  National  Automobile  Show,  meetings  of  the  Society 
devoted  to  the  subject  of  service.  While  the  attendance  at 
these  meetings  has  been  fair,  it  has  not  come  up  to  the  full 
possibilities.  We  are  prepared  to  admit  that  the  programs 
which  have  been  selected  may  not  have  carried  the  fullest 
appeal  to  the  service-men.  At  the  same  time,  it  is  fair  to 
state  that  it  has  been  exceedingly  difficult  to  get  competent 
service-men  into  the  frame  of  mind  where  they  would  open 
up  and  present  their  views.  Possibly  the  service-men  as  a 
class  have  not  advanced  very  far  from  the  status  of  mere 
repair-men  and  have  not  obtained  the  broad  view  of  the 
necessities  and  possibilities  in  their  field.  I  am  not  criticiz- 
ing but  merely  endeavoring  to  point  out  the  need  for  a 
broader  viewpoint,  to  be  obtained  only  by  mixing  and  think- 
ing in  more  fundamental  terms. 

Engineering  Fields 

There  are  two  general  fields  in  the  automobile  industry  in 
which  the  engineer  has  an  opportunity  to  use  his  talents. 
These  are  constituted  of  many  subdivisions  with  which  I 
will  not  attempt  to  deal.  One  field  is  that  of  construction, 
incorporating  the  subdivisions  of  research,  design,  develop- 
ment and  production.  The  second  is  the  field  of  operation, 
embracing  the  subdivisions  of  service  and  application.  You 
will  understand  readily  that  the  first  engineering  talent 
which  came  to  notice  in  the  industry  was  that  which  designed 
the  vehicle.  No  ingenuity  could  be  exercised  in  constructing 
and  servicing  vehicles  until  the  designs  had  been  created. 
We  can  all  recall  the  advertisements  of  earlier  days  in  which 
the  names  of  famous  designers  were  placed  before  the  pub- 
lic as  sufficient  reason  for  their  purchasing. 

Following  this  creative  period,  we  came  to  the  time  of 
rapidly  expanding  production.  It  is  only  natural  that,  with 
an  eager  public  apparently  able  to  absorb  an  almost  unlim- 
ited output,  the  problems  of  service  should  have  received 
relatively  less  attention  than  those  of  production.  I  believe 
that  this  condition  has  changed,  and  that  we  are  entering 
into  a  third  period  in  which  the  question  of  properly  selling 
the  product  and  of  keeping  it  sold  is  involved. 

It  is  of  fundamental  importance  to  the  growth  of  the  in- 
dustry that  professional  jealousy  or  antipathy  between  the 
various  divisions  mentioned  should  be  eliminated  and  that  in 
their  stead  there  should  come  the  most  complete  harmony 
and  cooperation.  It  is  manifestly  impossible  for  any  but 
the  most  exceptional  man  to  become  expert  in  all  these  vari- 
ous lines.  It  is  equally  certain  that  expert  advice  from  all 
of  these  fields  is  necessary  to  develop  the  automotive  vehicle 
satisfactorily.  It  is  therefore  essential  to  attaining  this  end 
that  organizations  exist  in  which  the  members  of  the  dif- 
ferent groups  can  cooperate  and  interchange  experiences  with 
their  fellows  in  the  same  group  and  in  the  entire  field. 

To  do  this,  as  I  have  suggested  before,  requires  a  broader 
vision  of  the  subject  than  is  possible  for  the  ordinary  man 
to  obtain  in  his  own  limited  sphere  of  activities.  The  value  of 
service  to  the  industry  and  the  importance  of  the  service- 
man are  such  that  he  should  not  be  content  to  drift  along 
with  the  times,  but  should  take  active  steps  to  place  his  part 
of  the  industry  and  himself  on  a  par  with  all  of  the  other 
divisions  and  individuals. 

I  believe  that  the  only  way  that  this  can  be  done  is  by 
effective  cooperation.  The  formation  of  local  service  organi- 
zations is  an  excellent  and  effective  method  of  accomplishing 
this  in  a  very  large  degree.  There  are,  however,  many  phases 
in  the  business  of  service  and  each  has  its  own  problems  as 
well  as  common  ones.  As  an  engineer,  I  naturally  see 
the  engineering  side  most  clearly,  and  therefore  in  addition 
to  this  form  of  general  organization,  I  believe  that  the  service 
engineer  should  avail  himself  of  every  opportunity  for  asso- 
ciation with  his  fellows  in  the  industry. 

It  is  in  this  field  that  I  believe  the  Society  of  Automotive 
Engineers  can  be  of  assistance.  The  constitution  of  the 
Society,  in  citing,  qualifications  for  membership,  recognizes 
the  standing  of  the  competent  engineer  in  the  service  field, 
as  well  as  in  the  production  and  designing  fields.  For  the 
service  engineer  to  analyze  his  problems  correctly,  he  must 
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:   \  iew   of  the,  prin- 
and  the  production  of  the  vehicle. 

n  as  it  is  to  the  designer  to  have 
befor  -:>t  this  broader 

•  more  intim;r  I   that   the 

-  taken  of 

nphasize  the  following: 
.ire   a   transportation    necessity 
.1   this   !•  ifactoriry,   there    must   exist 

ent   and    sufficient    service    facilities 


We    have    no;    thi  ties    in    the    necessary 

quantity  ami  quality  today 
i -I  i    rhe   business  of  furnishing  service   in   this  field 
transportation  can  bo  made  profitable   if  con- 
ducts! properly 

I.  conduct  it  properly,  and  thereby  profitably, 
much  must  be  learned  and  many  problems 
solved 

in  learning  the  requirements  and  solving  these 
problems,  cooperative  endeavor  in  helping  the 
weak  to  become  Btrong  will  help  the  strong  to 
become  Btronger 


SIMPLIFICATION 


J  manufacture  of  goods  on  a  large  scale  reduces 

tin  permits   price  reductions  that  aug- 

ame,  and  the  increased  sales  volume  thus 
attained   again   conduces  to   yet   lower   manufacturing  costs, 
•     various    operating    advantages    of    simplification 
iblishment   all   tend   to  augment  and   multiply 
one    another.      Suppose,    for    example,    simplification    takes 
place    in    the    variety    of    the    product    manufactured.      The 

.nation  of  certain  items  from  the  line  and  concentri 
upon  others  then  cause  longer  machine-runs  and  a  lowering 
.t  overhead  costs,  both  through  continued  utilization  of 
the  equipment  and  through   the  avoidance  of  setting-U] 
pense.     But  automatically,  the  standard  practice  that  brings 
about  ■•ings   in    production    results   in   other    savings 

ie  the  operating  departments.     Stores,  accounting  and 
planning  departments  are  inevitably  affected ;  regular  repe- 
production  entails  less  expense  in  the  way  of  record- 
keeping and   the   maintenance  of  various  control   devices  in 
auxiliary  departments. 

Better   control   of   materials,    simpler   accounting   methods 

and    more    timely    planning    and    scheduling    then    result    in 

.  ;zed   operation;    which    further    conduces    to    lowered 

costs,   better  quality   product,   smaller  inventories,  shipment 

that  is  prompter  and  delivery  that  is  more  dependable.     The 

r    advantages    then    again    result    in    yet    larger    sales. 

•ig    in    larger    quantities    obtains    still    more    favorable 

m    sellers.     Steady   and    continuous    operation 

e*  the  management  its  pick 

th  skilled  and  unskilled  labor. 

f  these  cumulative,  interrelated 

.  hich   counts.     In    many   cases,   the    saving    in 

any  one  department  may  be  slight  when  considered  by  itself, 

that   it  will   have  upon  the  other  departments 

and  the  savings  of  the  second  and  third  department 

upon   the   first   department   bulk 
■.  taken  together.     The  stabilization  of  all  bu 

rledge 
■ 
with    production,   and  lina- 

rodnction  and  ilts  in  the  general  stabiliza- 

imotional    and   financing 
cumulatively,  the  workings   of   I 

the   operations    of   the   entire   enter- 
its  pioni  each  commodity  runs 
and   patterns,  shapes  a 

purpose  and  market.    After 


are  established,  however,  useless  differentiations  tend 
to  persist.  As  we  swing  into  each  new  field  of  production, 
that  field,  tor  the  time  being,  gives  play  to  the  human  desire 
for  ostentation,  variety  and  luxury;  but  as  time  goes  on 
those  desires  center  themselves  in  new  devices  and  commodi- 
ties, leaving  behind  a  number  of  types  and  varieties  of  prod- 
uct that  ordinary  economic  processes  only  slowly,  if 
eliminate. 

This  development  is  paralleled  by  a  needless  complexity 
and  indirection  in  production  methods,  marketing  pract  ices 
and  the  general  minutiae  of  control.  Unnecessary  motions 
become  embedded  all  along  the  routine  of  making  and  selling. 
A  possibility  for  a  dual  combing  process  results  and  in  this 
lies  the  opportunity  for  real  simplification.  To  obtain  an 
increased  output  from  fields  already  being  worked  and  to 
free  our  productivity  for  enterprises  in  new  fields  a  con- 
scious overhauling  is  repeatedly  required  at  certain  stated 
intervals. 

On  the  one  hand  those  types  and  varieties  that  have 
been  demonstrated  to  be  ineffective  should  be  weeded  out 
as  rapidly  as  possible.  Once  the  pioneer  stage  in  the  pro- 
duction of  any  variety  or  type  of  a  commodity  is  past,  it 
should  be  subjected  to  a  scrutinizing  survey,  rather  than  to 
wait  on  the  slow  processes  of  natural  elimination.  On  the 
other  hand,  all  unnecessary  practices  in  connection  with 
manufacture  and  sale,  in  purchasing,  in  fabrication  or 
processing,  in  storage,  in  shipments  and  deliveries,  even  in 
finance  and  accounting,  should  be  discountenanced  with  equal 
vigor.  As  the  conditions  of  trade  or  manufacture  ch. 
scrutiny  should  be  repeated  I"  detect  again  any  urn 
motions.  Finally,  all  new  Bteps  proposed  should  be  care- 
fully examined  and  critically  challenged  in  the  light  of  what- 
added  complexity  to  operations  or  processes  they  may 
entail. 

So  far  a  ty  of  products  may  be  involved,  simplifica- 

tion is  not  hostile  to  any  styles  or  varieties  of  product   thai 
public  fancy.     It  aims,  first,  only  at  eliminat- 
ing those  varieties  and  types  that  do  not  serve  even  a 
frivolous   purpose;   and   it  aims,  also,   at  giving  to  the  non- 
frivolous  elements   in   the   population   a  chance   to  put' 
artici  ind   utility  at  minimum   prices.     And,  secondly, 

:  iminating  all    unni  and    pi  ai  n    the 

prodoctivi  utive   and    facilitative    activitii      oi 

plant   or  mplification    aims,    further,   at    giving   to 

the    entire    community   an  I    volume    of    \. It    and 

and   a    higher   standard   of   living. — A.   W.    Shaw   in 
ll't  i  ■  a  "  Bu      ■       !■'■  view. 
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IN  production  grinding  the  progress  made  during  the 
past  few  years  has  been  along  the  line  of  grinding 
multiple  parts  simultaneously,  such  as  piston-rings, 
ball  and  roller-bearing  cups  and  so  forth.  This  kind 
of  grinding  brought  about  the  use  of  wider  wheels 
to  cover  the  entire  surface  of  the  work  whereas  for- 
merly narrow  wheels  had  been  used  with  the  traversing 
table  method.  With  the  development  of  these  opera- 
tions came  the  cylindrical  grinding  of  square  and  dis- 
tributor cams;  also  square  shafts,  using  the  oscillating 
cam  grinding  attachments;  piston  relief  grinding  with 
the  same  attachments;  and  two- wheel  or  double-wheel 
grinding  for  such  parts  as  steering-knuckles  and  pin- 
ion shafts  of  different  diameters  or  where  two  diam- 
eters are  separated  by  some  protrusion,  as  in  steering- 
gear  worm-shafts. 

To  accomplish  these  new  operations  more  care  has 
been  taken  to  build  machines  that  are  heavier,  stronger 
and  more  accurate  so  that  opei'ators  can  place  greater 
dependence  upon  the  mechanisms  than  was  possible 
with  previous  machines.  Greater  care  has  been  taken 
to  balance  the  grinding  wheels  more  accurately  to 
overcome  imperfections  in  finish  and  to  eliminate  ex- 
cessive repairs  on  the  grinding  machine  itself.  Some 
of  the  new  attachments,  mechanisms  and  grinding 
machines  are  described  in  detail  in  the  paper. 

In  conclusion  the  author  states  that  the  automotive 
industry  has  become  the  chief  element  in  machine-tool 
business  in  the  Country  at  the  present  moment  and 
therefore  the  principal  factor  in  forcing  new  develop- 
ments in  machine-tool  design.  He  also  points  out  the 
importance  of  a  quality  product  to  serve  the  needs  of 
the  automotive  industry  adequately. 


1  Detroit  district  manager,  Norton  Co.,  Worcester,  Mass. 


Fig.   1 — Grinding  a  Camshaft 


Fig.  2 — Attachment  for  Grinding  Cams 

ADVANCEMENT  and  development  in  any  art  or 
/\  science  is  brought  about  by  necessity,  and  the 
i  \.  developments  in  precision  grinding  in  the  auto- 
motive industry  have  been  accomplished  to  meet  the  de- 
mands for  greater  production  and  refinement  at  less  cost. 
To  cover  the  developments  that  have  been  made  in  all 
classes  of  production  grinding  would  consume  too  much 
time.  Therefore,  I  will  deal  with  only  one  class,  namely, 
cylindrical  production  grinding  as  performed  within  the 
automotive  industry,  with  only  a  slight  reference  to  other 
classes.  Production  grinding  should  also  be  classified  as 
precision  grinding  because  to  secure  the  largest  produc- 
tion of  good  ground-work  the  exact  limits  required  for 
size  and  finish  must  be  considered.  Webster  defines 
"precision"  as  "exact  limitation,  strict  conformity  to  a 
rule  or  standard."  This  means  that  modern  precision 
production  grinding  is  always  performed  within  exact 
limitation  to  some  given  rule  or  standard. 

The  progress  made  in  production  grinding  during  the 
past  few  years  has  been  along  the  line  of  multiple-work 
grinding  on  such  parts  as  piston-rings  and  roller-  and 
ball-bearing  cups.  It  brought  about  the  use  of  much 
wider  grinding-wheels  to  cover  the  entire  surface  of 
work  that  had  formerly  been  ground  with  narrow  wheels 
by  the  traversing  table  method.  Along  with  the  develop- 
ment of  these  operations  came  the  cylindrical  grinding 
of  square  and  distributer  cams;  also  square  shafts,  using 
oscillating  cam-grinding  attachments :  piston  relief 
grinding,  with  the  same  attachments;  and  two-wheel  or 
double-wheel  grinding  for  such  parts  as  steering-knuckles 
and  pinion  shafts  of  different  diameters  or  where  two 
diameters  are  separated  by  some  protrusion  as  in  steer- 
ing-gear worm-shafts. 
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perations  more  care  has  ■ 
n  to  build  machines  that  are  stronger,  heavier  and 
thai      perators  can   |  eater  de- 

pendence upon  the  operating  nn-i.haiii.--ni  than  was  p< 
ble  with  |  machines.    Greater  care  has  to  be  taken 

to  balance  the  grinding  wheels  more  accurately  to  over- 
come imperfections  in  finish  and  to  eliminate  excessive 
repairs  on  the  grinding  machine  itself.  At  the  same 
time,  grinding-machine  builder-  have  devised  means  for 
bringing  back  into  approximate  running-balance  wheels 
that  have  developed  vibrations  as  they  have  worn  smaller 
in  their  :. 

■v  machines  and  special  attachments  have  been  put 
into  use  recently  and  the  accompanying  illustrations  show 
some  of  the  developments  that  have  been  made  in  pro- 
duction grinding  in  the  automotive  industry.  It  is  un- 
fortunate that  some  of  the  very  best  examples  of  real 
progress  could  not  be  photographed  for  inclusion  in  the 
paper. 

.t  Grinding 

In  the  earl>  I  the  industry  cams  were  made  in- 

•  •!   over  a   Btaighi    shaft   and   la 
in  their  respective  positions   by  a  Woodruff  key.     The 
hment  which  ground  these  individual  cams  accord- 


ing to  the  shape  required,  oscillated  in  its  movement 

Tin-  shape  was  i -epivduced   from  a  master  cam  contained 

within  a  case  that  formed  part  of  the  attachment. 
Engineering  progress  caused  a  change  in  this  parr 

and  whole  camshafts  with  all  cams  forged  in  place  were 

given  to  the  grinding  engineers.     One  of  these  shafts 

mounted  in  the  grinding  machine  is  shown  in  Fig.   1. 

To  meet  this  situation  the  integral  cam-grinding  at- 
tachment, which  could  be  placed  on  the  table  of  machines 
already  being  manufactured  for  other  classes  of  grind- 
ing,   was    produced,    and    all    the    cams    on    a    shaft    were 

ground  from  the  forging  u>  the  finished  dimensions. 
This  attachment,  which  is  illustrated  in  Fig.  2.  also 
oscillates  in  its  movements  and  grinds  to  very  close  limits 
of  accuracy  all  cams  from  2  to  as  many  as  21  on  a  single 
shaft,  in  accordance  with  the  generated  shape  of  the 
master  cams. 

Since  this  device  was  developed  very  little  change  has 
made  in  its  form  but  its  accuracy,  alignment  and 
rigidity  have  been  greatly  improved  so  that  today  a 
whole  camshaft  having  12  individual  cams  integral  with 
it  is  ground  in  about  the  same  time  as  one  individual 
cam  by  the  original  method. 

Most  automobile  pistons  are  relieved  around  the  wrist- 
pin  hole,  while  a  few  makers  desire  an  elliptically  shaped 
piston  to  allow  for  heat  expansion.  This  is  accomplished 
with  a  loose  cam  or  similar  form  of  oscillating  attach- 
ment. The  relief  or  elliptical  shape  is  reproduced  from  a 
master  cam  within  the  case  at  the  side  of  the  driving 
mechanism.  By  this  method  relicts  arc  ground  in  pistons 
at  the  rate  oJ  from  L2S  to  175  pistons  per  hr.,  while  from 
lb  to  7o  pistons  that  are  elliptical  throughout  their  entire 
length  are  produced  per  hour,  depending  upon  their  re- 
quirements for  accuracy  and  finish. 

Square  ami  other  shapes  having  a  Hat  surface  with 
connecting  arcs  and  radii  as  shown  in  Fig.  .">  are  now 
ground  in  attachments  similar  to  that  used  for  relieving 
pistons,  as  well  as  the  attachment  for  automobile  cams 
illustrated  in   Fig.  2. 

With  this  method  a  square  end  on  a  transmission  shaft 

tiring  1   in.  square  and  3  in.  long  can  be  ground  at 

the  rate  of  65  pieces  per  hr.,  removing  0.020  in.  id'  stock 

from  the  diameter  to  within  a  total  limit  of  0.001   in.  for 
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square,  diameter  and  flat  on  all  surfaces,  the  limit  on 
the  flat  surfaces  being  from  flat  to  0.001  in.  concave. 
This  is  a  90-per  cent  increase  in  production  over  the  old 
method  when  using  cup  wheels  and  a  hand-operated  in- 
dexing mechanism.  Many  automobile  companies  have 
adopted  this  new  method  for  grinding  squares  on  trans- 
mission and  pinion  shafts,  as  well  as  brake  cams  for  their 
rear  axles. 

Use  of  the  Wide-Face  Wheel 

The  principal  development  in  production  grinding 
during  the  last  few  years  can  be  attributed  directly  to 
the  application  of  the  wide-face  grinding-wheel  in  its 
many  phases.  The  automotive  industry  is  largely  re- 
sponsible for  its  introduction  and  advancement.  This 
method  was  used  widely  during  the  early  stages  of  the 
World  War  for  form-grinding  shrapnel  and  other  shells. 

One  of  the  best  and  most  profitable  examples  is  shown 
in  Fig.  4.  This  is  a  common  rear-axle  housing  with  a 
long  straight  bearing  on  each  end,  which  requires  not 
so  much  a  reflective  finish  as  it  does  a  round  and  straight 
bearing.  To  accomplish  the  work  satisfactorily  a  new 
steadyrest  has  been  employed  which  has  overcome  many 
difficulties  encountered  in  holding  this  class  of  work 
round,  as  well  as  made  it  easier  to  grind  heavy  and  out- 
of-balance  pieces  more  accurately. 

The  feature  of  this  rest  that  distinguishes  it  from  the 
rest  formerly  used  is  the  independent  control  of  the  hori- 
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Fig.    5 — Two   Drawings   of   a   Rear   Axle   That   Is   Flnished   bt 

Grinding 

In  the  Earlier  Type  Shown  in  the  Upper  Drawing  a  Flat  Spot  at 

the  Center  Served  as  a  Steady-Rest  While  the  Ends  Were  Ground 

with  a  Narrow  Wheel.     The  Lower  Drawing  Shows  the  Form  Now 

Used   and   Ground    with    a   Wide-Face   Wheel 

zontal  and  vertical  motions  of  the  work-shoes.  The 
previous  rests  were  fitted  with  one  shoe  that  had  to  be 
discarded  when  the  fixed  arc  had  worn  oversize.  With 
independent  motions  of  the  work-shoes,  as  in  this  rest. 
the  shoes  give  much  longer  service  by  virtue  of  a  gen- 
erous allowance  for  wear  provided  by  their  adjustability. 

Housings  such  as  that  shown  are  now  being  ground 
on  each  end  by  the  full-width  wheel  method  at  the  rate 
of  20  and  21  pieces  per  hr.,  removing  1/16  in.  of  stock 
to  limits  of  0.0010  in.  for  diameter  and  0.0005  in.  for 
roundness.  This  is  done  without  any  previous  turning 
or  snagging  operation  whatsoever. 

Another  good  example  of  the  parts  produced  with  a 
wide-face  wheel  is  the  rear-axle  shaft  illustrated  in  Fig. 
5.  The  upper  drawing  shows  an  axle  with  a  middle  spot 
used  in  the  old  days  as  a  steadyrest  spot  to  prevent 
vibration  while  the  narrow  wheel  ground  each  end. 
Production  was  12  ends  per  hr. 

The  application  of  the  wide-face  wheel  removed  the 
necessity  for  the  spotting  operation  as  shown  in  the 
lower  drawing  and  increased  the  production  obtained  in 
1913  to  46  ends  per  hr.  Today  on  the  same  axle  with  the 
introduction  of  newer  types  of  heavier  machine,  with 
the  two-bearing  independent-shoe  type  steadyrest,  the 
production  has  reached  800  to  1000  ends  in  every  8-hr. 
shift,  which  is  an  average  of  100  to  125  ends  per  hr. 
These  two  examples  of  wide-wheel  grinding  are  suffi- 
cient to  show  the  advantages  when  applied  to  work  not 
wider  than  9%  in.  on  the  ground  portion. 


Fig.   ri — Grinding  a  Steering-Knuckle 

Special  Attachments 

During  the  last  year  a  device  known  as  the  wheel- 
spindle  reciprocating  attachment  has  been  developed  and 
supplied  to  automotive  plants.  When  using  the  wide- 
wheel  method  of  grinding,  before  the  development  of  this 
attachment,  it  was  necessary  for  operators  to  move  the 
work-table  backward  and  forward  by  hand  to  break-up 
the  grain  lines  in  the  work.  This  movement  of  the  work 
across  the  wheel  also  served  to  keep  the  cutting-face 
wearing  evenly.  Both  of  these  functions  are  now  per- 
formed by  this  attachment,  the  use  of  which  has  de- 
creased the  number  of  truings  required  and  the  manual 
labor  on  the  part  of  operators,  increased  the  production 
and  improved  the  quality  of  finish. 

Great  interest  has  been  shown  in  the  grinding  of  sev- 
eral diameters  at  one  draw-in  or  straight-in  cut,  using 
two  or  more  wheels  mounted  on  a  single  wheel-sleeve. 


Fig. 


-A    Recently    Developed    Flat- Table    Machine   Having    a 
Swivel  Table 
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to  grind  such 

nit/:*,  pinion  shafts,  some  transmis- 

.   diffen  ■    bearings  ami   such 

•  or  more  short  diam- 

om  an  actual  photograph  of 
work  being  performed   in  one  of  the 

•s.     In  the  former  days  when 


with   v  Special  Adjust*         -  Lrv'E- 

i 

one  dian  ground  at  a  time,  the  hourly  produc- 

tion complete  kn;  By  the  application   of 

this  new  double-wheel  method  the  production  has  been 
increased  to  95  complete  knuckles  per  hr.  To  accomplish 
this  a  special  truing-ring  with  positive  stops  has  been 
app!  e   wheel-feed   gear  and   each    stop   set   for 


10 — At  the  Lekt  a  Radial  Wheel  Tbuino  attachment  and 
at  the  Right  a  Whbe    Formino  Device 


truing  its  own  wheel.  When  both  are  trued  to  their  re- 
spective diameters,  a  third  stop  is  used  as  a  positive  in- 
feed  locator  for  exact  sizing.  -Many  automotive  plants 
have  adopted  this  method  of  double-wheel  grinding  for 
work  where  this  method   is  effective. 

Grinding-machine  companies  have  designed  and  built 
their  machines  with  special-shaped  tables,  believing  that 
in  their  respective  particular  shapes  were  to  be  found 
great  advantages  of  rigidity  and  of  retaining  the  correct 
alignment   between   the   centers    of    the    headstocks   and 


i  i 


c;  HINDI  NO    THE    RlNQS     Of     BALL    AND 
ROLLEB    I'.K.WUNGS 


.    Attachm 


locks.     This   made   it   difficult   for   them   to   design 
ial  fixtures  for  special  grinding  job-. 
In  the  last  year  flat-table  machines  have  been  developed 
that  consist  of  a  swivel  table  made  to  a  height  to  accom- 
modate a  user's  special  requirements.     One  of  these  ma- 
chines is  illustrated  in  Fig.  7.     During  the  same  period 
/rinding-machine    builders   have   been   requested    to 
produce  certain  other  special  attachments  to  enable  their 
ecure  a  larger  production  of  certain  kinds 
of  work  that  can   be  finished  best   by  grinding.     One  of 
iecial    attachments    is    an    adjustable   speed   live- 
spindle  deadstock  that,  is  used  for  grinding  such  work  as 
ons  and  other  open-end  pieces  and  differential  cross- 
members.     When  grinding  piston,    on  this  attachment 
shown  in  Fig.  8  tl  plate  is  removed  and  a  special 

cone  driver  screwed  into  its  place.  The  pistons  are  then 
ground  at  the  rate  of  75  to  90  pistons  per  hr.,  depend- 
ing upon  the  degree  of  accuracy  and  finish  required. 

The  attachment  illustrated  in  Fig.  9  was  developed  for 
attachment    to   regular   machines    for   grinding  seats   on 
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valves.  Adjustments  for  the  length  of  the  stem  as  well 
as  the  degree  of  taper  on  the  seat  are  provided.  A 
special  feature  of  the  attachment  is  the  provision  that 
has  been  made  for  grinding  on  centers,  although  other 
attachments  of  this  same  form  are  fitted  with  collets  to 
grip  the  valve-stems. 

Many  of  the  makers  of  crankshafts  have  insisted  upon 
very  accurate  round  fillets  at  the  ends  of  crankpins  and 
bearings.  A  device  for  forming  a  radius  on  the  grinding 
wheel  and  also  for  truing  the  face  of  the  same  wheel  is 
shown  at  the  left  of  Fig.  10. 

Certain  jobs  having  a  taper  and  several  straight  diam- 
eters can  be  ground  best  with  the  wide-face  wheel.     The 


Fir.    12 — A   Self-Contained  Type  of  Grinding   Machine  Equipped 
with  a  Power  Table  Traverse  for  Handling  Oil-Tubes,  Rocker- 
Arm   Shafts   and   Similar  Work 

forming  device  illustrated  at  the  right  of  Fig.  10  has 
been  developed  to  form  the  wheel  for  grinding  an  entire 
surface,  including  tapers  or  straight  portions.  The  form 
of  the  wheel  face  is  generated  from  a  form-bar  that  is 
located  directly  in  back  of  the  roller.  The  operator 
places  the  attachment  on  the  table  in  front  of  the  wheel 


fig.  14- 


-The  Automatic  Wheel  In-Feed  Mechanism  of  the  Ma- 
chine Illustrated  in  Fig.  13 


which  is  brought  into  contact  with  the  diamond.  He  then 
turns  the  handwheel,  moving  the  diamond  across  the  face 
of  the  wheel,  following  the  outline  of  the  form-bar  and 
reproducing  it  on  the  wheel  face.  Since  the  introduction 
of  this  device  the  production  has  been  increased  from  100 
to  400  per  cent  in  a  great  many  instances. 

In  ball-  and  roller-bearing  work  special  arbors  of  the 
type  shown  in  Fig.  11  have  been  made  for  holding  as 


Fig.    13 — Crankpin    Grinding    Machine 


F,,;     is — The    Automatic    Steadt-Rest    Used    on    the    Crankpin 
Grinding  Machine 

many  rings  as  can  be  covered  by  the  wide-face  wheel,  not 
over  10  in.  wide.  By  this  method  production  has  been 
increased  from  100  to  400  per  cent  over  what  was  for- 
merly attained  with  narrow  wheels.  In  addition  to  this 
the  wmeel-spindle  reciprocating  device  has  been  applied 
to  the  machine.  This  addition  improves  the  quality  of 
the  work,  increases  the  production  and  reduces  the  wheel 
cost. 

Special  Machines 

For  several  years  the  automobile  companies  have  made 
a  careful  study  of  machine  maintenance  and  have  said 
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that  of  machine  was  verj    <\ 

pensive  to  ma  N    r  the  demand  has  changed  and 

for  machines  having  self-con- 
rhe  grinding-machine  in- 

of  machine  with  this 

a  ith  the  purpose  of  still  greater 

prod  -s  maintenance  cost.     Fig. 

self-contained   development. 

r    table-t:  rive    for 

-arm  shafts  having  a 

>und  diameter  than  could  he  covered  by  a  wide 

r  special-purpose  machine  has  been  developed  in 
ng  is  done  on  the  extreme  right  end  for 
.:'ts,  pinion  shaft- 
and  other  parts  where  the  wide  wheel  is  the  most  pro- 
ductive.    For  all  short  work  a  short,  stiff,  compact  ma- 
chine equipped  with  the  wheel-spindle  reciprocating  at- 
-nent  and  the  power  in-feed  attachment  that  is  used 
for  automatic  straight-in  feed  of  the  wide-face  wheel 
rs  the  entire  surface  of  the  part  being  ground 
een  brought  out. 
All  of  these  new-type  heavier  machines  are  equipped 
with  new  mechanisms  for  driving  the  wheel.     The  wheel 
ile  is  driven  by  a  belt  from  the  power  shaft,  enclosed 
in    the    base,    and    running    in    self-oiling    ball-bearings. 
The  wheel-spindle  bearings  are  of  a  new  and  improved 
type  and  are  lubricated  by  a  constant   stream   of   oil, 
forced  through  the  bearings  by  a  pump.     Their  adjust- 
-o  simple  that  the   operator  can   overcome  all 
-imply  turning  the  thumb-screws  while  the 
spindle  is  running. 

I  have  mentioned  these  features  because  it  is  through 
these  new  and  improved  designs  on  the  part  of  the 
grinding-machine  builders  that  larger  production  and 
improved  quality  have  been  brought  about. 

nkshaft  Grinding  Machines 

Ever  since  the  very  beginning  of  automobile-engine 
building,  the  crankshaft  has  been  a  most  difficult  part  to 
machine.  The  last  operation  has  been  the  grinding  of 
the  crankpins  and  the  great  difficulty  has  been  to  finish 
•  pins  round  and  straight  to  within  small  limits  of 
accuracy,  practically  free  from  any  imperfection.  Con- 
able  difficulty  has  been  experienced  in  obtaining  the 
required  accuracy,  and  it  is  remarkable  how  successful 
the  makers  of  crankshafts  have  been  with  the  machines 


•:  to  them  for  their  use,     Every  grinding-machine 

builder  has  done  his  best  to  make  machines  that  would 
produce  crankshafts  satisfactory  to  the  trade,  but  more 
or  less  trouble  in  obtaining  a  satisfactory  product  has 
always  been  experienced.  In  the  last  '-  years  still  newer 
types  of  machine  for  grinding  crankpins  have  been  de- 
veloped and  installed  in  a  number  of  automobile  fac- 
tories. These  employ  a  new  method  of  driving  the  work- 
spindles  and  eliminate  the  use  of  gears. 

The  machine  illustrated   in   Fig.    IS   has   nut    the  de 
mands  of  the  automotive   industry  for  a  complete  self- 
contained  unit.     The  ground  product  has  been  greatly 
improved  and  the  production  considerably  increased  over 
that  from  older  types  of  crankpin-grinding  machines. 

Automatic  wheel  in-feed  mechanisms  for  semi-auto- 
matic crankpin  grinding  of  the  design  shown  in  Fig.  1-1 
have  been  introduced  in  this  as  well  as  in  other  new  and 
heavier  machines.  As  a  result,  in  some  places  the  oper- 
ator merely  clamps  a  crankshaft  into  the  work-holdn>. 
pushes  the  lever  shown  at  the  right  of  the  wheel-feed 
gear  over  to  the  right,  and  releases  the  automatic  steady- 
rest-lever  illustrated  in  Fig.  15.  The  pins  are  either 
rou^'h-ground  or  finish-ground  automatically  with  from 
a  15  to  25-per  cent  increase  in  production  over  previous 
methods,  with  less  wheel-cost  and  a  very  satisfactory 
finished  product. 

The  machine  shown  in  Fig.  13  can  be  said  to  meet  the 
demand  for  smoother  running  machines  for  this  class  of 
work  and  the  traditional  belief  that  gears  produce 
chatter-marks  has  been  considered.  The  gears  have  been 
replaced  with  a  silent-chain  running  from  the  lower 
drive-shaft  to  the  table  drive-shaft  and  other  chains 
from  both  ends  of  the  table  drive-shaft  to  each  revolving 
spindle.  Where  these  machines  have  been  adopted  there 
have  been  no  complaints  of  chatter-marks  in  the  crank- 
shaft. 

The  automotive  industry  has  become  so  huge  that  it 
must  be  regarded  as  the  chief  element  of  machine-tool 
business  and  the  principal  factor  in  forcing  new  de- 
velopments in  machine-tool  design  and  construction. 
Competition  among  builders  of  internal-combustion  en- 
gines constantly  calls  for  greater  production  and  ma- 
chines of  greater  precision.  The  desire  of  those  most 
interested  in  furthering  developments  along  the  grinding 
line  is  to  originate,  instead  of  to  copy  some  of  the  present 
achievements.     To  copy  is  not  progressive;  to  originate 

to  progress. 


OUR  "INVISIBLE"  KXPORTS  AND  IMPORTS 


Fmu  due  us  from  foreign  countries,  from 
the  excess  of  our  exports  over  our  imports  of  merchan- 
dise, an  .1  However,  when  we  take  into 
account   such  "current   invisible"  items  as  the  movement  of 
emigrants,  tourist  expenditure,  ocean 
■<-e  find  that  our  citizens  have  sent  to  or  spent 
a  net  balance  of  about  $425,000,000  mor<; 
than                    ed  on  such  accounts,  and  thus  the  balance  due 
us  arising  from  merchandise  is  reduced  to  about  $329,000,000. 
As   affecting  this  sum   we  have  received   about  $246,000,000 
.old  and  silver  imports  and  in  addition  there  has   been 
oans  and  credits.     We  have   ex- 
ported capital  in  the  shape  of  purchases  of  foreign  securi- 
Lnd  above  the  imports  of  capital  of  the  same 
:?ter,  to  the  net  amount  of  about  $669,000,000   in   the 
.  and  were  there  no  previous  obligations  to  be  ac- 
ed  for  this   would   amount  to  an  investment  abroad   of 
more  than  the  amounts  due  to  us. 


To  visualize  the  full  balance-sheet  it  might  be  stated  that 
if  we  had  entered  the  year  with  no  obligations  either  way 
and  if  we  had  settled  our  balances  in  foreign  trade  and  in- 
ternational finance  every  month  in  the  year  in  gold,  we 
should  have  exported  gold  to  the  amount  of  nearly  $340,000,- 
000  during  the  year,  instead  of  having  imported  gold  and 
silver  to  the  amount  of  $246,000,000.  As  a  matter  of  fad, 
the  movement  of  our  capital  during  the  year  was,  as  shown 
from  the  detailed  study,  partly  a  transformation  of  ace- 
due  to  our  merchants  and  banks  at  the  beginning  of  the 
year  into  bonds  and  funded  debt  during  the  year  and  partly 
a  reinvestment  abroad  >.f  amounts  due  us  for  merchandise 
sold  during  the  year.  No  statement,  however,  as  to  the  pre- 
cise interaction  of  "invisible  movements"  can  be  considered 
in  any  other  light  than  as  illustrative  of  their  relative  im- 
portance, as  from  the  very  natun-  of  things  no  set-offs  can 
tated  in  precise  terms. — Herbert  Hoover,  Secretary  of 
Commerce. 
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Motor-Truck  Radiator-Design 


By  R.  S.  Went  worth1 


SEVEN  requirements  appear  to  be  the  minimum  number 
dictated  by  the  necessity  for  greater  reliability  of  truck 
radiators.  They  are  offered  as  a  means  of  analyzing  past 
performances  and  indicating  future  changes  in  design.  The 
value  of  the  requirements  lies  not  so  much  in  the  recognition 
of  any  single  one  as  in  compliance  with  the  entire  number. 
Since  each  requirement  is  essential  in  meeting  certain  defi- 
nite conditions  and  since  any  one  or  more  of  these  conditions 
might  occur  in  the  reasonable  operation  of  any  truck,  no 
requirement  may  be  neglected. 

A  radiator  is  strong  and  satisfactory  only  to  the  degree 
that  it  has  no  weaknesses,  because  it  is  these  weaknesses  that 
prevent  the  average  radiator  from  being  well  balanced  and 
strong.  If  the  application  of  these  requirements  is  made 
correctly,  I  feel  very  confident  that  radiator  repairs  can  be 
reduced  to  an  almost  negligible  quantity  in  any  service  for 
which  the  truck  is  intended.  Thus,  in  discussing  the  general 
requirements  for  radiator  reliability,  I  mention  a  minimum 
number  that  I  believe  must  be  observed,  and  I  think  it  is 
essential  that  the  designer  recognize  all  possible  stresses  and 
their  effects,  even  though  he  considers  them  of  minor  impor- 
tance. Frequently,  the  sum  of  two  small  stresses  exceeds 
the  magnitude  of  a  more  obvious  stress  for  which  provision 
has  been  made,  and  I  believe  that  this,  rather  than  inherent 
frailty,  has  been  the  cause  of  most  of  the  trouble  expe- 
rienced with  radiators. 

The  Seven  Requirements 

(1)  The   radiator  shall   be  designed   and   supported   so 

that  distortions  of  the  frame  shall  not  cause 
stresses  within  the  radiator 

(2)  The  raditor  frame,  shell  or  casing  shall  be  struc- 

turally strong  to  withstand  both  internal  and 
external  stresses.  The  top,  the  sides  and  the 
bottom  should  form  a  unit  of  rigid  construction 
holding  the  more  delicate  parts  without  transmit- 
ting twists   or  other  strains 

(3)  Vibration  of  the  tubes   or  any  other  part   of  the 

radiator  shall  be  controlled  and  reduced  to  a  min- 
imum 

(4)  The  radiator  must  withstand  the  effect  of  all  pos- 

sible temperature  conditions  without  being  sub- 
jected to  undue  stresses  in  any  part 

(5)  The   maximum   possible   stress   on   any   tube  joint 

shall  be  low 

(6)  Complex  or  indeterminate  stresses  in  the  tube  joints 

shall  be  avoided 

(7)  Soldered  joints  shall  be  designed  correctly  and  have 

ample  bearing  surfaces 

Regarding  (1),  no  truck  frame  is  immune  from  twisting 
and  no  radiator  has  the  characteristics  of  a  cross-member. 
The  designer  should  recognize  these  conditions  by  his  choice 
of  position  and  means  of  mounting.  Many  examples  will  be 
found  in  old  trucks  where  frame  stresses  are  transmitted  to 
the  radiator  to  such  a  degree  that  it  is  impossible  to  keep  it 
from  leaking  without  changing  the  method  of  mounting. 

In  reference  to  requirement  (2),  many  instances  occur 
where  insufficient  rigidity  of  the  frame  is  caused  by  improp- 
erly designed  side-pieces,  poor  choice  of  material  or  too  light 
construction  generally.  When  such  radiators  are  subjected  to 
rough  usage,  the  strength  of  the  core  is  called  upon  to  do 
work  for  which  it  was  not  intended  and  failure  is  a  certainty 
at  the  tube  joints  and  elsewhere. 


1  President,   Wentworth  Engineering  Co.,  Bryn   Mawr,   Pa. 


Vibration,  (3),  is  a  sure  sign  of  uncontrolled  stresses,  a 
cause  of  trouble  and  a  source  of  fatigue  in  any  metal.  While 
the  amplitude  of  the  vibration  of  the  tubes  may  not  be  great, 
the  force  often  is  very  large  and  the  joints  soon  fail  through 
repeated  stresses  of  tension  and  compression  that  reach  a 
maximum  when  the  tube  joint  is  bent.  Therefore,  it  is  imper- 
ative that  the  designer  control  vibration  well  within  the 
limits  of  the  strength  of  the  solder  joints.  Tube  vibration 
is  affected  by  the  choice  of  material,  bracing,  section,  diam- 
eter and  header-plate  characteristics. 

Concerning  (4),  in  radiators  of  the  heavy-duty  type  com- 
prising east  top  and  bottom  tanks  spaced  by  rigid  side-pieces, 
a  great  opportunity  exists  for  temperature  changes  to  alter 
the  relative  lengths  of  the  core,  the  tubes  and  the  side-pieces 
and  thus  impose  high  tube  stresses  on  the  header-plates.  In 
such  designs,  the  height  of  the  core  equals  that  of  the  side- 
pieces  when  bolted  together  at  room  temperature.  Failure 
occurs  most  often  in  very  cold-weather  operating  with  such 
heavy  loadings  as  to  necessitate  low-gear  work  and  a  high 
water-temperature.  The  result  of  these  conditions  is  that 
the  brass  tubes  of  the  core  increase  in  length  with  a  rise  in 
the  temperature  from  approximately  70  to  possibly  200  deg. 
fahr.,  a  change  of  130  deg.  fahr.,  while  the  side-pieces  are 
shortened  by  a  drop  to  the  air  temperature,  a  possible  change 
in  the  temperature  being  50  deg.  fahr.  or  more. 

These  changes  in  the  length  must  either  cause  the  headers 
to  bend  or  crack,  the  core  to  be  compressed  or  the  tube  joints 
to  fail;  but,  in  any  case,  the  stress  is  imposed  on  the  soldered 
tube-joints  in  the  headers.  The  designer  of  this  type  of  radi- 
ator is  cautioned  against  disregarding  the  effects  of  the  tem- 
perature on  the  score  of  unimportance,  for,  though  the  actual 
distance  through  which  the  headers  move  may  be  very  slight, 
the  stress  per  tube  runs  very  high  and  this  is  the  dangerous 
condition  to  be  avoided. 

In  regard  to  requirement  (5),  solder  has  not  the  qualities 
necessary  for  withstanding  great  stresses  or  repeated  small 
ones.  Good  practice  is  to  divide  the  total  load  equally  among 
all  the  tubes;  when  this  is  done,  the  strain  per  tube  can  be 
handled  easily  and  the  factor  of  safety  will  be  large. 

To  comply  with  requirement  (6),  the  design  should  confine 
the  stresses  to  tension  or  compression.  Where  complex  stresses 
are  permitted,  it  is  most  difficult  to  estimate  their  magni- 
tude. Complex  stresses  occur  if  the  headers  are  allowed  to 
bend,  the  tubes  to  vibrate  or  the  whole  radiator  to  weave. 
Many  incorrect  designs  are  in  use  which  use  light  headers 
that  fail  because  of  the  joint  angularity  caused  by  the  weight 
of  the  core,  the  temperature  conditions  and  the  proximity  of 
the  tubes  to  the  rigid  tank,  together  with  the  stiffening  effects 
of  the  solder  on  the  headers  and  the  loss  of  flexibility  of  light 
headers  when  bolted  firmly  to  the  tanks.  It  is  interesting  to 
note  the  preponderance  of  leaks  on  the  outside  rows  of  radi- 
ator tubes,  caused  by  these  tubes  being  subjected  to  more 
conditions  than  the  inside  tubes,  and  justifying,  to  my  mind, 
the  necessity  for  recognizing  all  controlling  causes. 

The  design  of  the  soldered  joints,  (7),  the  properties  of  the 
solder  and  correct  manufacturing  methods  are  understood  by 
the  better  class  of  radiator  manufacturers.  The  joints  should 
be  amply  strong  to  avoid  failure  caused  by  production  meth- 
ods and  hard  usage. 

Summary 

As  long  as  designers  fail  to  provide  for  the  effects  of  all 
possible  conditions,  the  radiators  they  design  must  fail  in 
service  eventually.  The  more  logical  procedure  is  to  pro- 
vide individually  for  each  possible  stress,  so  that  it  cannot 
cause  trouble  alone  or  in  combination  with  the  other  stresses. 
For  example,  since  the  bad  effects   of  frame  weaving,  tube 
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her  under 

problem  i.-  to  produce  a  de- 

:hat  sha;  I   the   effect  of  the  sum 

if  adverse  conditions.     If  this  is  done,  the 

I  be  a  radiator  having  no  weaknesses  and  therefore 


possessing  great  strength.    To  expect  ■  commercial  product 

of  engineering  so  free  from  inherent  weakness  that  the  life 
of  each  component  will  be  the  same,  and  the  Anal  failure 
from  old  age  will  occur  anywhere  and  everywhere  in  a  gen- 
eral collapse,  is  not  asking  too  much, 


THE  PETROLEUM  INDUSTRY 


THK  ns  in  the  prices  of  gasoline  are 

I   a   situation 
that  has  been  in  pt  development  for  at  least  2  y< 

n  of  oil  in  this  period  and  the  resulting 
petroleum  and   its  products 
•  I    with   growing  concern.     Although 

.an  with  the  retailing  of  gasoline  by 
"'.cial  of  I   '•'■  -      te,  there  has  been  ample  evidence 

that  a  general  fall  in  oil  pr:  tnminent. 

relief  must  be  sought  either  in  a   re. lured  produc- 
tion cf  crude  oil  or  in  an  increased  consumption  of  oil  prod- 
many  reasons  the  most  desirable  means  of  aecom- 
.    curtailment   of   output    would   be   voluntary,   con- 
on  on  the  part  of  the  producers  themselves.     But 
if  organization  that  prevails  in  this  branch  of  the 
.:on  virtually  impossible,  and  th< 
n  of  output  will  probably  come  as  a  result 
of  e.v  rices,  making  the  operation  of  many  wells 

ur.prutita  -iction  of  purchase   by  the  refineries  may 

offer  the  most  immediate  and  effective  means  of  curtailing 
crude  oil  production  with  a  minimum  of  embarrassment  for 
all  concerned. 

andpoint  of  the  public,  restricted  purchasing 
by  the  refineries  would  appear  to  be  preferable  in  the  long 
run  to  the  price-cutting  that  has  actually  taken  place.  Any 
excessive  reduction  in  the  prices  of  petroleum  products  is 
unfortunate  in  that  it  unduly  stimulates  consumption  and 
hastens  the  depletion  of  the  already  rapidly  disappearing 
resources  of  the  Country'-  This  point  has  a  more  important 
application  at  present  than  may  at  first  appear,  since  a  low- 
-  promptly  induces  changes  in  habits  of  con- 
sumption and  of  adoption  of  equipment  for  the  use  of  oil 
products  which  permanently  affect  the  demand. 

The   prodigality   with    which   this    Country's   oil    I 
have  been  exploited  has  not  been  sufficiently  recognized.    Out 
of  an  original  estimated  reserve  of  something  like  15,000,000,- 
000    bbl.     already     at  luO.OOO.OOO     bbl.    have     been 

extracted.     And  the  rapid  growth  of  the  industry  in  the  last 
few  year-s  increases  the  gravity  of  the  situation.     If  the 
of  production   that   prevailed   for  the   first  half  of   this   yea. 
maintained,   the   estimated    supply    would    be    ex- 
haust i  :,i!e   if  output  should  increase  at  the 
f  the  last  3  years,  1981   would  see  the  end  of 
es. 
•unately,  this   situation   is  not  likely  to  arise,   for   the 
onditions  under  which  production  is  carried  on  are 
such  that  the  maximum  rate  cannot  be  maintained.    The  peak 
each  well   is  reached  very  early  in   its 
■  nd  the  flow  of  oil  gradually  diminishes  until  its  exl. 

ith  the  di  .f  new  and   rich   deposits  in 

•'      itput  has  been  accomplished 
g  of  an  enormous   number   of  new   wells. 
approximi 

I   by  about 
I  wells  in 

•:  of  Calif 

per  well  declined  from  1920 
!.  ma,   Ind.,   where    it 
rem;; 

ker- 
boar:  g   an   individual  clais 


holdings,  which  are  not  infrequently  as  small  as  10  acres 
each,  overlie  a  common  pool,  or  reservoir,  of  oil.  As  every 
gallon  extracted  by  one  well  reduces  the  potential  production 
of  those  surrounding  it,  the  drilling  develops  into  a  race  in 
which  each  producer  tries  to  get  the  oil  before  someone  else 
:.  This  situation  has  two  important  effects.  The  first 
is  a  strong  inducement  to  the  competing  producers  to  extract 
the  oil  with  the  greatest  possible  speed,  an  inducement  that 
only  a  ruinously  low  price  of  crude  petroleum  could  remove. 
The  delicate  adjustment  of  supply  to  demand  that  is  a  fea- 
ture of  most  competitive  industries  is  destroyed,  and  the  pro- 
duction of  crude  petroleum  continues  unchecked  in  spit 
the  immense  stocks  accumulating  in  the  tanks  of  pipe-line 
and  refining  companies  and  the  heavy  reductions  in  the  pi 
of  crude  and  of  refined   products.     The  second  effect   of  this 

competition  in  oil  production  is  the  \\       asioned  by   th 

loss  of  pressure.  Oil  generally  occurs  in  close  association 
with  gas  under  high  pressure,  which  materially  lessens  the 
difficulties  and  expense  of  extracting  it.  This  pressure,  of 
course,  is  never  of  sufficient  duration  to  force  all  the  oil  to 
the  surface;  but,  under  the  most  favorable  conditions,  it  fre- 
quently continues  for  long  periods.  Obviously,  the  "punch- 
ing" of  the  pool  at  thousands  of  points  results  in  a  very 
great  waste  of  pressure  and  not  only  advances  the  stage  in 
which  the  product  must  be  pumped  to  the  surface  at  a  con- 
siderably increased  cost  but  makes  impossible  the  recovery 
of  some  of  the  oil  that  might  otherwise  be  available. 

Although  pipe-lines  have  been  held  to  be  common  car- 
riers under  the  jurisdiction  of  the  Interstate  Commerce  Com- 
mission and  as  such  are  under  obligation  to  accept  and 
transport  oil  belonging  to  others,  as  a  matter  of  fact  the 
pipe-line  companies  buy  most  of  the  oil  outright  at  the  fields, 
Pipe-line  carrying  rates  and  the  prices  paid  for  petroleum 
at  the  wells  have  usually  been  such  as  to  make  it  more 
profitable  for  producers  to  sell  their  oil  at  the  wells  than  to 
transport   it  any  considerable  distance. 

Early  in  1922  David  White  estimated  the  reserve  supply 
of  th.-  world  at  70,000,000,000  bbl.  and  that  of  the  United 
Stati  fhtly   no.re  than  9,000,000,000  bbl.    This  means 

that  in  1921  this  Country's  supply  was  being  depleted  at  an 
annual  rate  of  more  than  .">  per  cent,  and  that  the  ret  of  the 
world  at  less  than  0.5  per  cent.  The  increased  production 
and  the  shrinkage  of  the  reserves  in  the  United  States 
1921  would,  of  course,  make  the  present  rate  of  depletion 
even  more  striking. 

Nothing  in  this  condition  should  occasion  immediate  alarm. 
The  worst  that  may  be  expected  in  the  measurable  futui 
an  increasing   reliance   by   this   Country   upon    foreign   oil  re- 
and  ultimately  higher  prices.     Fortunately,  the  known 
world   deposits  are   ample   for   prospective   needt    for   many 
.  and  future  di  may  add  greatly  to  the 

available  n    ourci         Meanwhile,  against  the  rapidly  exp 
ing  requirements   may  be  placed    possible   new  processes  and 
thai    would   introduce  hitherto  unknown  economies 
in  the   preparation   of   petroleum   products  and  in  their  utili- 
zation.    'I'  ideration     do  not.  however,  justify  a  h 
less  and  premature  exhaustion  of  a  leading  natural  reso 
but  indicate  the  necessity  of  a  progressive  adaptation  of  the 
industry  to  the  Nation'     current   economic  requirements  with 
a  ria-oo                       I   for  the  welfare  of  future  generations. — 
Guaranty  Survey. 
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BRAKES  have  three  functions:  (a)  maintaining  a 
car  at  rest,  (6)  reducing  the  speed  of  a  vehicle  or 
bringing  it  to  a  stop,  and  (c)  holding  a  vehicle  to  a 
constant  speed  on  a  descending  grade.  The  kinetic 
energy  of  a  moving  vehicle  is  directly  proportional  to 
the  weight  of  the  vehicle  and  to  the  square  of  its  speed. 
The  amount  of  heat  produced  in  the  braking  surfaces 
of  a  vehicle  descending  a  given  grade  for  a  given  dis- 
tance will  be  the  same  whether  the  speed  be  high  or 
low,  but  the  rate  of  heat  production  will  vary  inversely 
as  the  speed.  In  addition  to  the  retarding  effect  of 
the  braking  system  a  braking  effect  is  constantly  pres- 
ent that  depends  on  the  tractive  resistance  of  the 
vehicle  at  various  speeds  and  on  the  engine  itself. 
Wind  resistance  and  the  resistance  of  the  engine  when 
the  throttle  is  closed  also  produce  retarding  effects 
that  assist  in  the  work  of  braking. 

Among  the  desirable  features  that  should  be  kept 
in  mind  in  designing  brakes  are  (a)  the  maximum 
retarding  effect  with  reasonable  physical  effort  on  the 
part  of  the  driver,  (b)  smoothness  of  retardation, 
(c)  a  retarding  effect  proportional  to  the  pedal  pres- 
sure, (d)  no  tendency  to  be  self-locking,  (e)  durability 
or  long  life,  (/)  ease  and  simplicity  of  adjustment, 
(g)  strength,  easy  operation  and  thorough  dependa- 
bility and  (h)  brake-operating  levers  that  may  be 
easily  and  quickly  reached  in  emergency. 

The  power  available  for  operating  brakes  is  a  pedal 
movement  of  4  to  5  in.  coupled  with  a  foot  pressure 
that  varies  with  the  person  operating  the  brake;  con- 
sequently, brakes  should  be  designed  for  the  weakest 
driver.  A  properly  designed  mechanism  will  some- 
times accomplish  the  same  result  with  one-half  the 
pedal  movement  that  is  required  by  another  linkage 
of  the  same  type  but  of  inferior  design.  The  linkage 
should  be  simple  and  direct,  and  the  relation  of  the 
centers  of  the  connections  that  operate  the  brakes  on 
the  axles  and  the  wheels  should  be  carefully  studied 
so  that  the  relative  motions  of  the  axle  and  the 
frame  will  not  affect  the  linkage.  If  the  major 
part  of  the  multiplication  of  leverage  takes  place  at 
the  brake-drum  the  strains  in  the  operating  mechanism 
will  be  reduced  to  a  minimum  and  the  longitudinal 
motion  wTill  be  increased  to  a  maximum.  In  any  de- 
sign the  two  points  to  be  kept  in  mind  are  a  low  rate 
of  wear  and  a  high  rate  of  heat  dissipation.  In  gen- 
eral, large  linear  dimensions  are  desirable  but  better 
air-circulation  sometimes  makes  smaller  sizes  prefer- 
able. In  light  cars  weight  is  of  importance,  while  in 
heavy  cars  size  is  the  controlling  consideration.  Unit 
pressures  depend  largely  on  the  materials  used ;  a 
brake-drum  with  hard  surface  with  a  lining  of  suit- 
able material  may  enable  higher  unit  pressures  to  be 
used  than  a  soft  surface  with  a  lining  inherently  weak. 
Most  brakes  depend  on  either  the  external  or  internal 
application  of  shoes  or  bands.  The  features  of  the 
band  type  are  light  weight  and  a  large  friction-area. 
The  external  band  is  easier  to  design  as  the  anchor 
point  can  be  placed  in  any  position  desired.  To  obtain 
smooth  action  and  long  wear  from  a  shoe-type  brake. 


rigidity  of  both  the  drum  and  the  shoes  is  essential. 
The  balance  of  advantage  appears  to  be  in  favor  of 
the  contracting-band  brake,  especially  when  the  travel 
is  over  hard-surface  roads.  The  requirements  of  brak- 
ing materials  are  that  the  drum  be  as  hard  as  is  com- 
mercially possible  and  retain  its  hardness  when  heated, 
while  the  brake-lining  should  be  close-grained  and  hard 
with  a  uniform  coefficient  of  friction  throughout  its 
life. 


M 


1  M.S.A.E. — Technical   assistant   to   the   president.   General  Motors 
Corporation.  New   York  City. 


UCH  of  the  difference  of  opinion  that  invariably 
appears  when  automobile  brakes,  or  braking 
systems,  are  discussed  undoubtedly  arises  from 
the  widely  different  services  required  of  such  brakes,  or 
braking  systems,  under  varied  conditions  of  use.  For 
this  reason,  it  appears  to  be  worthwhile  in  starting  a 
further  discussion  of  this  important  subject  to  summarize 
briefly  the  more  important  functions  of  brakes. 

Bp.aking  Functions 

Probably  the  simplest  of  these  functions  is  to  main- 
tain the  vehicle  at  rest  on  a  level  surface  or  on  a  grade ; 
another  function  is  to  reduce  the  speed  of  a  moving  ve- 
hicle or  to  bring  it  to  an  absolute  stop,  either  on  a  level 
surface  or  on  an  ascending  or  a  descending  grade;  still 
another  function  is  to  cause  the  vehicle  to  maintain  a 
constant  speed  on  a  descending  grade.  The  first  function 
mentioned,  that  of  maintaining  the  vehicle  at  rest,  ob- 
viouslv  is  the  simplest  one.  The  main  requirement  is 
that  of  multiplying  the  leverage  from  the  operating  lever 
to  the  braking  surface,  and  of  combining  it  with  the 
leverage  relation  of  this  surface  and  that  of  the  road 
wheels  and  with  the  two  coefficients  of  friction,  so  that 
it  shall  be  sufficient  to  lock  the  wheels  under  all  condi- 
tions. As  there  is  no  motion  involved  in  this  case,  no 
heating  conditions  need  be  considered  and  no  particular 
smoothess  of  operation  or  resistance  to  wear  is  required ; 
and  even  inaccurate  connections  between  the  frame  and 
the  axle  may  not  cause  trouble.  As  soon,  however,  as 
the  vehicle  is  in  motion  and  the  braking  system  is  in 
use,  a  very  different  set  of  conditions  exist  that  requires 
the  highest  skill  of  the  engineer  in  order  that  a  satis- 
factory arrangement  may  be  produced. 

In  this  discussion,  I  shall  consider  only  the  ordinary 
type  of  brake  in  which  a  stationary  surface  is  pressed 
upon  a  moving  surface  driven  by  the  vehicle  wheels. 
with  the  result  that  the  energy  present  in  the  moving 
vehicle  or  produced  by  the  descent  of  the  vehicle  from  a 
higher  to  a  lower  level  is  translated  into  heat  by  the 
friction  between  the  relatively  moving  surfaces.  The 
energy  present  in  any  moving  vehicle,  of  course,  is  di- 
rectly" proportional  to  the  weight  of  the  vehicle,  as  is 
also  the  energy  given  up  during  the  descent  of  the 
vehicle  from  a  higher  to  a  lower  level.  The  energy 
present  in  a  moving  vehicle  due  to  its  speed  is  propor- 
tional to  the  square  of  the  speed. 

The   maximum   force   of  retardation   possible   is   pro- 
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portiona!  i.t  on  the  wl  which  braking 

t  of  friction  between  the 
-  and  tht  ate  oi  retardation  will 

be  prop*  of   the   total   vehicle 

the  wheels  to  which  braking  is  applied, 
•hat  the  rate  at  which  heat   is  pro- 
.  very  important 
is  well  to  remember  that,  though  the 
amount  of  heat  given  out  during  the  descent  of  a  vehicle 
1  mile  on  a  10  per  cent  grade  at  any  rate  of  speed 
tame,  the  time  during  which  the  heat  is  pro- 
'.'.  vary  inversely  as  the  speed.     The  same  holds 
.       •.  to  reducing  the  speed  of  a  car   from 
a  higher  to  a  lower  rate,  or  bringing  it  to  an  actual  stop. 
The  principles  stated  above  are  universal  in  application 
and  will  not  be  affected  by  any  variation  of  brake  design 
>nstruction.     It  appears  to  be  hardly   necessary   to 
e  this  fact,  except  that  statements  are  occasion- 
made  favoring  one  type  of  brake  design  over  another, 
to  indicate  that  at  least  some  of  the  prin- 
9  outlined  above  had  not  been  kept  clearly  in  mind. 
-    sake    of    clearness,    the    above    principles    fa 
been  enumerated  as  if  the  entire  retarding  effect  would 
always  be  obtained  by  the  braking  system.    As  a  matter 
of  fact,  however,  a  braking  effect  is  constantly  present 
in  everj'  moving  vehicle  that  depends  on  the  tractive  re- 
:ice   of   the   vehicle   at   various   speeds    and   on    the 
.e  itself.     The  wind  resistance  at  high  speeds  and 
the  resistance  of  the  engine,  even  on  high  gear,  at  all 
speeds,   provide  effects   of   retardation   that   assist    very 
greatly  in  the  work  of  the  braking  system.     There  has 
been  more  or  less  discussion  of  the  effectiveness  of  the 
:  e  as  a  brake  and  for  this  reason  I  am  glad  to  be 
the   results  of  a  test  recently   made  on   a 
•nger-car  engine  of  normal   design,   the   engine   in 
'ion  having  41,/2-in.  bore,  5-in.  stroke,  six  cylinders 
a  piston  displacement   of  425  cu.   in.     The  corves 
i  n   in   Fig.   1   are  taken  with   both  the  oil  and   the 
r  at   maximum  running  temperatures  and  can   un- 
doubtedly be  translated  for  various  sizes  of  engines  by 
aring  the  piston   displacements.     It   is   interesting 
to  note  that  the  retarding  effect  is  considerably  higher, 
especially  at  the  lower  speeds,  when  the  throttle  is  closed, 
when    it    is  open.     This   is   particularly  fortunate. 
simplifies  the  use  of  the  engine  as  a 
brake. 

Dp--irable  Features  of  Brake  Desk 

In  ■  ■  g  the  various  desirable  features  of  brake 

;t  ion,   no  attempt  will   be   made  to 
■    in   the  order  of  preference,   but  if  they 
in   mind   and    each   one   is   not   given 
l.mderation   in   arriving  at    a   final   COnclu 

ted.     Among  them  are 


Retarding     Eff> 

.'Urrt    rm    the    /  -  , •.— 

.   in   reducing 
effort  r<  :•  the   braked 

In    the    rase   of    a    v 

the 

caae  of  un- 
i  tendency  to 
in  emergency 

to  .  h  treatment 

This  is  necessary  for 
■•i  passengers.     Shattering  or  gral>- 
if    brakes    reduce    oral-  '  and    in- 

:=e  the  dange-  ling 


Retarding    Erfect    Dirtctly    Proportional    to    the 

Pedal  I'  This    is  necessary  to  allow  ac- 

curate control  of  the  braking  effect  under  dif- 
ferent conditions  of  road  surface.  It  can  be 
obtained  only  where  there  is  a  minimum  of  fric- 
tion, uniform  friction  and  uniform  spring 
throughout  the  brake-operating  mechanism 
No  Tendency  to  Be  Self-Locking. — This  is,  to 
sonic  extent,  another  way  of  stating  the  pre- 
vious requirement.  It  is  not  exactly  opposed  to 
brakes  of  the  wrapping  type,  although  it  is 
very  difficult  to  design  such  brakes  without 
some  of  this  undesirable  feature.  It  is  intended 
to  apply  more  directly  to  mechanisms  that  have 
a  tendency  to  jam  under  certain  conditions, 
which  makes  it  difficult  to  reduce  the  braking 
effect  without  almost  completely  releasing  the 
brake  and  reapplying  it 

(5)  Durability   or  Long   Life. — The   result   of   this   is 

shown  in  the  infrequent  necessity  for  replace- 
ment of  friction  surfaces  and  the  correspond- 
ingly infrequent  adjustment 

(6)  Ease  and  Simplicity  of  Adjustment  When  Adjust- 

ment Is  Required. — Uniform  action  under  all 
conditions,  that  is,  the  retarding  effect,  must  be 
maintained  throughout  long  and  severe  brake 
applications  and  must  not  be  altered  materially 
by  weather  conditions  or  outside  causes.  Of 
course,  the  latter  point  refers  only  to  the  brake 
mechanism  and  cannot  be  controlled  as  regards 
the  road  surface 

(7)  Need  for  Strong   Locking   Devices   for  Brakes. — 

The  locking  device  for  the  hand  brake,  or  other 
car-locking  brake,  must  be  strong,  easily  oper- 
ated and  thoroughly  dependable.  This  locking 
equipment  is  really  a  safety  device  of  great  im- 
portance and  when  inefficient  has  been  the  cause 
of  serious  accidents 

(8)  The  Brake-Operating  Levers  Must  Be  Easily  and 

Quickly  Reach'  d  in  an  Emergency. — This  ap- 
plies equally  to  the  foot-pedal,  which  ordinarily 
operates  the  service  brake,  and  to  the  hand- 
lever,  which  operates  the  so-called  emergency 
brake.  As  a  matter  of  fact,  in  current  practice, 
the  foot-pedal  is  the  real  emergency  brake,  the 
hand  brake  being  used  only  when  the  foot-op- 
erated brake  fails  to  produce  the  desired  result. 
This  being  the  case,  it  is  obvious  that  the  great- 
est cue  should  be  taken  to  place  the  foot-pedal 
in  a  position  that  can  be  reached  with  a  min- 
imum of  motion  and  a  maximum  of  certainty. 
This  requires  careful  consideration  of  its  rela- 
tion to  the  accelerator  pedal,  with  a  view  to 
making  the  transition  of  the  foot  from  the  ac- 
celerator pedal  to  the  brake  pedal  as  smooth  as 
possible,  and  to  insuring  that  the  operation  of 
the  brake-pedal  cannot  result  in  the  depression 
of  the  accelerator  pedal  at  the  same  time. 

Power  Available  for  Operating  Braki 

Disregarding  for  the  moment  various  forms  of  servo 
mechanism,  the  power  available  for  operating  bn 

tated  approximately  as  follows:  For  the  foot-oper- 
ated brake,  a  pedal  movement  of  from  4  to  5  in.,  coupled 
with  the  maximum  convenient  foot-pressure.  This  latter, 
of  course,  will  vary  with  different  persons,  and  it  is 
•able  that  the  mechanism  be  designed  for  the 
weakest  driver  that  may  have  to  operate  the  veil 
I-  mould  be  borne  in  mind  that  the  clutch  is  frequently 
thrown  out  at  the  same  time  that  the  foot-brake  is  0] 
ated,  an  act  that  will  absorb  from  30  to  50  lb.  of  the 
available  force.  For  the  hand-brake,  a  total  motion 
of  from  12  to  15  in.  may  be  used,  coupled  with  the 
driver's  available  pulling  power.      It   is   recognized  that 
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greater  pedal  and  hand-lever  motions  are  frequently 
provided  than  those  stated  above,  but  they  cannot  be  pro- 
vided without  making  the  brake  operation  much  less 
convenient  and  more  uncertain  in  cases  of  emergency. 
Of  course,  by  the  use  of  some  form  of  servo  mechanism, 
varying  from  the  wrapping  type  of  brake  to  the  entirely 
separate  mechanism  in  which  the  driver  supposedly 
furnishes  the  control  and  the  mechanism  furnishes  the 
power,  almost  any  results  are  possible.  Thei-e  is  nothing 
new  about  servo  mechanism  for  this  work.  The  horse- 
drawn  Paris  omnibuses  of  1888  were  equipped  with  shoe 
brakes  pressing  against  the  rear  tires,  the  greater  part 
of  the  power  for  application  being  provided  by  several 
turns  of  rope  wound  around  bronze  capstans  on  the  hubs. 

Brake-Operating  Mechanisms 

This  paragraph  is  placed  directly  below  the  preceding 
one  to  emphasize  the  close  relation  between  the  two.  In 
the  simplest  terms,  the  possible  pressure  of  a  brakeshoe 
or  band  on  a  drum  is  the  push  of  the  driver's  foot  or  the 
pull  of  the  driver's  hand  multiplied  by  the  total  distance 
traveled  by  the  driver's  foot  or  hand  and  divided  by  the 
total  distance  traveled  by  the  brakeshoe  or  band.  From 
this  must  be  subtracted  the  losses  due  to  friction  in  the 
operating  mechanism  and  to  the  lost  motion  and  the 
spring  in  the  parts.  It  is  entirely  possible  for  a  well- 
designed  set  of  brake  connections  to  accomplish  the  same 
results  with  one-half  the  pedal  movement  that  may  be 
necessary  in  using  another  linkage  of  the  same  type  but 
of  inferior  design.  There  have  been  too  many  cases  in 
the  past  in  which  either  excessive  pressure  has  been 
required  for  a  given  braking  effect  or  the  actual  motion 
of  the  bands  or  shoes  has  been  reduced  to  such  a  point 
as  to  make  correct  adjustment  difficult  and  frequently 
necessary.  In  some  cases,  either  the  brakes  will  not  hold 
properly  when  applied  or,  if  adjusted  to  do  bo,  will  drag 
when  released  as  fully  as  possible.  Some  principles  that 
have  been  found  to  be  of  great  help  in  producing  the 
best  results  are  as  follows :  Have  the  linkage  simple  and 
direct;  use  the  greatest  care  in  studying  the  relation  of 
the  centers  of  the  connections  that  operate  the  brakes 
on  the  axles  and  the  wheels  so  that  the  relative  motions 
of  the  axle  and  the  frame  will  not  affect  the  operation 
of  the  linkage.  It  is  entirely  possible,  even  with  cars 
using  the  Hotchkiss  drive,  to  accomplish  this  desirable 
result  in  an  almost  perfect  manner;  to  do  so,  it  is  neces- 
sary to  bear  in  mind  that  the  axle  rotates  more  or  less 
because  of  the  torque-reactions  produced  in  braking.     It 


has  been  found  to  be  of  great  assistance  in  handling  this 
difficult  portion  of  design  to  have  the  major  part  of  the 
multiplication  of  leverage  take  place  at  the  brake-drum. 
If  this  is  done,  the  strains  in  the  operating  mechanism 
will  be  reduced  to  a  minimum,  while  the  longitudinal 
motion  will  be  increased  to  a  maximum.  Obviously,  if 
the  brake  rods  leading  from  the  frame  to  the  axle  move 
6  in.  during  the  application  of  the  brakes,  the  effect  on 
braking  of  the  variations  in  centers  will  be  far  less  than 
if  the  motion  is  2  or  3  in. 

Design  and  Construction  of  the  Brake  Mechanism 

It  is  practically  universal  practice  with  brakes  to  pro- 
vide a  rotating  cylinder  that  is  retarded  by  the  pressure 
of  a  shoe  or  band,  either  external  or  internal.  Occa- 
sionally disc-type  brakes  have  been  suggested,  but  they 
do  not  seem  to  offer  any  particular  advantage.  Keeping 
in  mind  the  work  to  be  done  by  a  brake,  there  appear 
to  be  two  points  of  importance  that  must  be  worked  out 
in  the  design,  one  being  the  low  rate  of  wear,  the  other, 
a  high  rate  of  heat  dissipation.  Low  rate  of  wear,  other 
things  being  equal,  will,  of  course,  be  obtained  best  by 
low  unit-pressure  between  the  rotating  cylinder  and  the 
friction  band  or  shoes.  This  requirement  indicates  the 
desirability  of  brakes  of  large  linear  dimensions.  Large 
linear  dimensions  are  also  of  considerable  value  in  ob- 
taining a  high  rate  of  heat  dissipation;  but  it  must  be 
borne  in  mind  that  in  long  continued  brake  applications 
the  heat  dissipation  will  be  governed  largely  by  the 
ability  of  the  brake  mechanism  to  transfer  heat  to  the 
surrounding  air.  For  this  reason  brakes  of  small  size 
that  provide  rapid  air-circulation  may  easily  be  more 
effective  than  much  larger  brakes  that  are  more  or  less 
shielded  from  the  air  by  parts  either  of  the  brake  me- 
chanism or  of  the  car.  Large  and  heavy  brake  parts  have 
an  advantage  in  that  they  can  absorb  a  great  quantity 
of  heat  during  a  short  brake  application,  the  heat  being 
gradually  dissipated  to  the  air  during  the  intervals  be- 
tween the  applications.  As  a  matter  of  fact,  the  ability 
to  dissipate  heat  is  closely  connected  with  the  ability  to 
resist  wear,  for  the  reason  that  in  almost  all  combina- 
tions of  braking  surfaces  the  wear  becomes  much  more 
rapid  as  the  temperatures  become  higher.  This  is  prob- 
ably due,  fundamentally,  to  the  softening  of  the  metal 
or  metals  used  as  the  temperatures  become  higher. 
About  the  hardest  problem  the  car  designer  has  to  face 
in  laying  out  brake  equipment  is  to  decide  as  to  the 
sizes  and  weights  that  can  be  allowed.     In  the  lighter 
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■  importance,  as  there 

10m  for  brake.-;  much  larger  than  those 
9  the  limitation  .. 
:o    be    more    important    and    affects    both    the 
the  width  that  are  possible  without   seri- 
ng   other    features   of   the   ear   design. 
r  wheel  centers  has  resulted  in  a  vers 
of  the  diameter  of  wheel  brakes,  while 
the  diameter  of  the  propeller-shaft  brake  is  closely  limited 
e  road  clearance  and  the  Bpace  available  under  the 
floor  of  the  car.     There   is   one  very   unfortunate  com- 
i  design,  due  to  the  necessity  for  pro- 

e  brakes  from  mud  and  dust  to  obviate  wear. 
!  impossible  to  accomplish  protection  of  this 

out   interfering   considerably   with    the   proper 
pation  of  heat.     In  emphasizing  the  desirability  of 
low    unit    pre-  I    should   be   remembered    that    no 

absolute  figure  can  be  given,  as  the  maximum  safe  unit- 
-ure  depends  on  the  materials  used  in  the  brake- 
dram  and  the  friction  surfaces.  If  the  brake-drum  has 
-y  hard  surface  and  a  suitable  friction  lining  is  used, 
possible  to  use  unit  pressures  much  higher  than  if 
the  drum  surface  is  soft  and  the  friction  lining  inherently 
weak.  In  any  case,  it  is  highly  desirable  to  keep  the 
unit  pressures  as  low  as  possible,  both  by  using  as  large 
brake  dimensions  as  the  design  will  permit  and,  espe- 
cially, by  seeing  that  the  pr>  nail  be  uniformly 
distributed  over  the  whole  braking  surface.  So  far  as 
I  can  see  at  the  present  time,  it  is  hardly  necessary  or 
desirable  to  provide  100  per  cent  braking  for  all  possible 
conditions  of  service  without  the  use  of  the  engine.  The 
tax  would  be  too  great  on  the  average  car  user  and  would 
be  merely  for  the  benefit  of  the  user  traveling  in  moun- 
tainous country"  at  fairly  high  speed.  The  engine 
excellent  a  brake  that,  under  suitable  conditions,  it  seems 
only  reasonable  to  expect  that  it  will  do  its  share  of  the 
work. 

Ti  Bbakb-Dkum  and  Band  or  Shok  Design 

-ign  has  crystallized  into  relatively  few  major  varia- 
tions of  members;  thus  we  find  either  internal  or  external 
application  of  either  shoes  or  band.  The  general  features 
of  the  band  type  are  light  weight  and  a  large  friction- 

. :  j r r .      The  light  weight  is  due 

that  with  a  properly  designed  band-brake 

.    little   tendency   to  distort   the   drum,  and 

minor  distortions  of   the  drum   will   not   interfere 

orake  operation.    The  large  area  of  coi 

:  the  band  type  to  utilize  the  entire 

•    the    brake-drum    while   still    providing 

the  proper  clearance  when  released.     The  external  band 

to  design,  as  the  anchor  point  can 

•  any    desirable   position,    depending 

•  (fed  required.     This   is  not  true  of 
rnal    band,    which    requires    that    it    be    of    the 

read  the  pressure  '■  whole 

,nly  the  compression  side  of  an 

i  that  is  used  to  advantage,  the  tension  aide 

from  the  brake-drum  and  to  con- 

at  the  ends.     An  advantage  of  the 

lity    to    provide    almost    the    entire 

•  directly  at  the  band,  and  the 

The  band  brak-  it  is 

of  ;'.  ")••  likely  to  rattle 

zing  than  is  a  properly 

ike.    On  wheel  brakes  this  undoubtedly 

Interferes  to  some  extent  with  the  proper  dissipation  of 

■At  brake  this  is  not  the 

.1  air- 


circulation.  The  shoe-brake  usually  consists  of  fewer 
-  of  larger  size  and  accordingly  has  a  decided  ad- 
vantage. On  the  other  hand,  it  is  almost  impossible  to 
provide  a  means  of  ready  adjustment  for  a  shoe-type 
brake  without    placing  a   large   part    of   the   multiplying 

age  somewhere  in  the  brake  linkage,  instead  of  at 
the  shoes.  This  greatly  increases  the  friction  in  the  apply- 
ing mechanism,  the  friction  being  still  further  augmented 
by  that  of  the  cams  used  in  expanding  t Jit-  stuns,  if  an 
internal  type  is  used.  External  contracting  shoe-brakes 
are  hardly  ever  used,  except  on  the  propeller-shaft.  With 
the  contracting  type  the  operating  mechanism  can  be 
made  very  similar  to  the  operating  mechanism  of  the 
band  brake.  The  heavy  weight  of  a  properly  designed 
shoe-brake  is  due  entirely  to  the  need  of  rigidity  and  to 
the  fact  that  when  only  two  shoes  are  used  it  is  hardly 

hie  to  use  more  than  one-half  the  available  drum 
surface  for  friction,  about  90  deg.  being  taken  by  each 
shoe.  Though  more  of  the  circumference  can  be  used, 
any  attempt  to  do  so  will  make  it  difficult  to  obtain  the 
proper  clearance  between  the  drum  and  the  shoes  when 
the  brake  is  released.  To  obtain  smooth  action  and  long 
wear  from  a  shoe-type  brake,  the  drum  must  be  rigid 
enough  to  stay  truly  round,  and  the  shoes  must  be  rigid 
enough  to  retain  their  shape  under  the  maximum  pres- 
sure used.  This  can  only  be  accomplished  by  heavily 
ribbing  bofh  the  drum  and  the  shoes.  Another  reason 
for  the  desirability  of  a  rigid  drum  and  shoes  is  the 
limited  motion  and  power  available  for  comfortable  brake 
operation.  Any  spring  in  these  parts  must  be  absorbed 
before  the  maximum  pressure  is  reached  and  is  far  more 
serious  than  a  spring  in  other  parts  of  the  brake 
mechanism,  because  the  maximum  leverage  has  been  pro- 
vided at  this  point.  I  have  suspected  that  a  great  part  of 
the  advantage  of  a  heavily  ribbed  brake-drum  is  due  to 
its  weight  and  rigidity  rather  than  to  any  greatly  in- 
creased area  for  dissipating  heat.  The  external-contract- 
ing brake,  whether  of  the  band  or  shoe  type,  has  a 
distinct  advantage  over  the  internal-expanding  brake  in 
that  the  braking  ability  tends  to  improve  over  long 
continued  application  rather  than  to  decrease.  This  is 
on  account  of  the  expansion  of  the  drum  and  other  brake 
parts  that  is  caused  by  the  heat  absorbed.  Of  course, 
this  applies  more  strongly  to  the  present  conventional 
brake  design  in  which  the  drum  is  of  metal,  and  the 
friction  surface  is  asbestos  fabric  or  some  other  rela- 
tively poor  conductor  of  heat.  My  own  feeling  is  that 
the  balance  of  advantage  is  in  favor  of  the  contracting- 
band  brake,  especially  in  districts  where  the  great  bulk 
of  travel  is  on  hard  surface  roads. 

Brakk  Materials 

There  is  not  a  great  deal  to  be  said  on  this  subject 
without  going  into  a  long  investigation  of  brake-lining 
materials.  There  are,  however,  one  or  two  important 
points.  The  brake-drum,  which  is  ordinarily  of  steel, 
should  be  as  hard  as  is  commercially  possible  and  should 
retain  its  hardness  when  heated.  The  brake-lining 
material  should  also  be  close  grained  and  hard,  and 
should  have  a  uniform  coefficient  of  friction  throughout 
its  life.  This  is  highly  important  on  all  types  of  wheel 
brake,  because  of  the  fact  that  equalization,  even  when 
it  is  provided,  only  attempts  to  equalize  the  brake-shoe 
or  band  pressure.  I  have  found  it  to  be  of  considerable 
advantage  to  treat  brake-linings  occasionally  with  oil, 
in  order  that  the  binder  shall  be  maintained  in  efficient 
-hape.  I  have  never  seen  any  asbestos  fabric  that  showed 
much  cohesive  quality  after  being  completely  dried  out 
by  high  heat. 
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IT  has  been  said  truly  that  correct  forecast  of  the  future 
is  rare  because  it  must  be  founded  upon  a  disbelief  in  the 
stability  of  things  as  they  are.  Life  overleaps  every  bound 
that  is  set.  The  prime  elements  requisite  in  progress  have 
to  be  sensed  and  developed  by  groups  of  relatively  few  men. 
The  public  in  general  is  always  slow  to  appreciate  the  coming 
of  changes  that  affect  life  fundamentally. 

The  airplane  races  held  at  St.  Louis  last  month  formed  a 
fitting  climax  to  such  recent  events  as  the  successful  trials 
of  the  Barling  Bomber;  the  Air  Service  mobilization  test 
along  the  eastern  seaboard;  the  successful  trials  of  the  ZR-1, 
recently  rechristened  the  Shenandoah;  the  bombing  tests  off 
Cape  Hatteras;  the  opening  of  the  Boston  airport  and  of  the 
Louisville  airport;  the  Transcontinental  airplane  flights;  the 
winning  of  the  Schneider  Cup  in  the  seaplane  race  at  Cowes, 
England,  by  the  United  States  Navy  Team;  and  the  night 
flying  of  the  Air  Mail  Service  from  Chicago  to  Cheyenne. 
The  work  of  engineers  engaged  in  and  in  connection  with 
aeronautics,  following  in  the  footsteps  of  masters  in  pioneer 
aviation,  has  involved  almost  unparalleled  research  connected 
with  raw  and  finished  material.  To  this  is  attributable  the 
remarkable  achievements  of  today,  including  speed,  altitude 
and  duration  performance.  Each  and  every  part  has  been 
subjected  to  long  and  accurate  tests  to  bring  about  simplicity, 
strength  and  lightness  through  proper  distribution  of  mate- 
rial according  to  mechanical  laws.  The  importance  and  the 
value  of  passenger  and  freight  carriage  by  aircraft  are  self- 
evident.  Taking  into  account  the  fact  that  air  transportation 
is  inherently  different  in  basic  characteristics  from  practi- 
cally all  other  forms  of  transportation,  it  is  probably  fair  to 
say  that  it  is  not  less  developed  or  to  be  debited  with  a 
greater  percentage  of  casualties  than  the  other  mediums  of 
transportation  were  after  the  expiration  of  the  same  number 
of  years  during  which  serious  concerted  attention  has  been 
given  to  commercial  aircraft  development.  The  Society  of 
Automotive  Engineers  took  concrete  steps  several  years  ago 
to  establish  in  conjunction  with  the  Bureau  of  Standards  a 
safety  code  for  aeronautics.  Good  headway  has  been  made 
in  the  tentative  formulation  of  this  code.  Various  parts  of 
the  code,  which  deal  with  airdromes  and  airways,  balloons, 
airships,  and  airplane  structure,  have  been  drafted.  All  of 
the  governmental  and  industrial  bodies  interested  in  aviation 
are  participating  in  this  work,  which  is  being  conducted 
through  a  sectional  committee  of  the  American  Engineering 
Standards  Committee.  The  purpose  is  to  have  ready  a  well 
considered  document  setting  forth  regulatory  needs  and  pro- 
visions when  some  department  of  the  United  States  Govern- 
ment is  authorized  and  directed  to  put  such  regulations  into 
effect. 

Responsibilities  of  Development  and  Defense 

As  was  pointed  out  at  the  sessions  of  the  National  Aero- 
nautic Association  in  St.  Louis,  a  great  responsibility  rests 
upon  those  who  understand  what  aircraft  development  means. 
In  the  last  analysis  the  maintenance  of  adequate  aeronautic 
activities  depends,  and  will  depend,  upon  the  degree  of 
aggressive  spirit  fostered  by  the  public.  The  National  Aero- 
nautic Association  can,  and  should,  be  most  helpful  in  this 
connection.  The  Congress  must  have  brought  to  its  atten- 
tion clearly  the  necessities  of  the  Air  Service.  The  greatest 
need  is  the  enactment  of  legislation  that  will  result  in  the 
enforcement  of  governmental  regulations  such  as  those  re- 
ferred to  above.  Of  course,  there  should  be  adequate  pre- 
paredness with  regard  to  aircraft  in  the  event  of  war.  The 
development  of  civil  air  transport  is  absolutely  essential  to 
this. 

At  the  National  Aeronautic  Association  Dinner  in  St. 
Louis,  Dwight  Davis,  assistant  secretary  of  war,  expressed 
cordial  sympathy  with  the  industrial  work  in  the  aeronautic 
field.  He  said  that  the  men  in  the  War  Department  realize 
the  importance  of  this  more  than  anyone  else  and  will  always 


cooperate  fully.  He  predicted  that  complete  flights  across 
the  United  States  from  the  Atlantic  to  the  Pacific  will  be 
made  between  dawn  to  dusk  and  to  China  in  100  hr.  He 
said  that  we  are  doing  pitifully  little  in  the  way  of  preparing 
to  meet  successfully  invasion  by  enemy  aircraft.  Congress 
has  reduced  our  Air  Force  unduly,  which  has  not  proper  equip- 
ment and  less  than  1000  officers.  There  is  now  an  actual 
shortage  of  planes  for  some  purposes;  our  most  important 
arm  of  defense  is  being  starved  to  death.  An  aeronautic 
industry  cannot  be  built  up  overnight  during  wartime.  Air- 
craft are  indispensable  during  war. 

Mr.  Davis  said  that  he  did  not  believe  in  building  up  a 
large  air  fleet  but  that  we  should  have  a  10  years'  program 
to  provide  a  basis  of  procedure  and  give  the  airplane  build- 
ers sufficient  orders  to  remain  in  business.  He  stated  that  all 
of  the  leading  nations  except  this  Country  are  giving  these 
matters  close  and  constructive  attention. 

Major-General  Patrick,  chief  of  the  Air  Service  of  the 
Army,  pointed  out  that  we  can  produce  airplanes  that  are  un- 
excelled, and  that  we  have  the  best  of  pilots,  but  that  we  do 
not  really  put  aircraft  to  work.  He  said  that  the  continuance 
of  this  policy  would  result  in  this  Country  losing  much  in 
the  commercial  markets  of  the  world. 

Rear-Admiral  Moffett,  chief  of  the  Bureau  of  Aeronautics 
of  the  Navy,  stated  that  the  Navy  is  twice  as  badly  off  as 
the  Army  is.  Referring  to  airship  development,  he  said 
that  the  Shenandoah  is  not  a  copy  of  foreign  products  but 
was  designed  by  Americans  and  made  of  American  material. 
He  expressed  strong  belief  in  the  future  of  airships,  stating 
that  they  can  navigate  with  the  aid  of  the  barometer  and 
knowledge  of  the  weather  conditions.  Cruising  at  60  knots, 
they  can  avoid  storms.  It  is  the  intention  of  the  Navy  De- 
partment to  send  airships  across  the  Atlantic,  to  the  North 
Pole  and  around  the  world.  The  Admiral  said  that  the  Shen- 
andoah should  be  able  to  cross  the  Atlantic  in  2  days,  and 
the  Pacific  in  from  3  to  4  days.  He  declared  that  this  Coun- 
try has  the  greatest  of  opportunities  before  it  in  aircraft 
development  and  should  proceed  carefully  and  thoroughly  in 
demonstrating  the  new  means  of  passenger  and  merchan- 
dise transportation. 

Commander  Billard,  of  the  United  States  Coast  Guard,  said 
that  this  Country  should  be  second  to  none  in  National  de- 
fense. The  Coast  Guard,  which  was  organized  in  1790,  has 
participated  in  all  of  the  wars  in  which  this  Country  has 
been  engaged,  its  percentage  of  battle  losses  being  greater 
than  that  of  any  other  arm  of  the  services  except  the  Ma- 
rines. Coast  Guard  aviation  is  of  direct  assistance  in  Na- 
tional defense.  Aircraft  are  the  greatest  agency  in  searching 
territory,  which  is  involved  in  all  Coast  Guard  work. 

Brigadier  General  Felend,  of  the  United  States  Marine 
Corps,  said  that,  whereas  only  a  few  years  ago  the  older 
officers  merely  tolerated  aviators,  they  now  consider  them 
serious,  hard-working  men.  This  new  conception  puts  the 
Army  as  well  as  the  Navy  solidly  behind  aviation.  The  re- 
sult should  be  the  mightiest  development  in  any  one  line  of 
human  endeavor. 

Second  Assistant  Postmaster-General  Henderson,  in  charge 
of  the  United  States  Air  Mail  Service,  said  that  that  Service, 
beginning  in  1918,  has  an  efficiency  record  of  96  per  cent. 
During  4  days  of  August  continuous  day-and-night  Trans- 
continental service  was  maintained,  the  westbound  trips 
being  made  in  29  hr.  and  the  eastbound  trips  in  less  time. 
Mr.  Henderson  said  that  it  is  entirely  practicable  to  operate 
aircraft  at  night  and  that  within  a  decade  cities  more  than 
500  miles  apart  may  have  day-and-night  transportation. 
This  will  depend  largely  upon  the  cost  of  such  service  and 
the  income  derived  therefrom,  it  not  being  known  what  the 
public  would  be  willing  to  pay  in  postage  charges  for  a 
service  of  this  nature. 

Howard  E.  Coffin  was  reelected  president  of  the  National 
Aeronautic   Association,   but   resigned   the   office,    which    the 
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.g  Board  of  ih.  ;on  filled  by    electing  ! 

n  of  Dayton. 

Tut 

in  the  Pulitzer  Trophy  race,  which 
Navy,  at  an  a\t 
124J27  miles.     The 
trtiss  D12  special  engine 
hp. 
The  Flying  I  -  .is  Trophy  race,  for  two-sea 

•  hp.  or  1.  ,  was  woi     j  Walter  K.  Lees 

1  airplane  at  an  average  speed  of  - 

I    miles.     The   machine    was 
ped  with  ■  engine. 

Engine  Builders'  Trophy,  for  observation  type 

was  won  by  Lieut.   ('.   MeMullen, 

hp.  Liberty  engine,  at  an  aver- 

139.03  m.p.h.  over  a  distance  of  186.42  miles. 

J.    Atkinson    woi  ;ntry    Club   of    Detroit 

a  a  Bellanca  CF  with  an  Anzani  95-hp.  engine,  over 

a  cou  miles  at  a  speed  of  94.80  m.p.h. 

St,    Louis   Trophy   race    was 
H.   L.  George  in  a  Martin  Bomber  with   two 


Liberty  400-hp.  engines,  over  a  course  of  186.42  miles  at  ■ 
speed  of  1 14.28  m.p.h. 
The   Detroit   News   Air  Mail  Trophy  event   for  Air  Mail 

planes,  with  Air  Mail  pilots,  over  B  distance  oC  186.42  mile.-, 
was  won  by  P.  1'.  More  with  Air  Mail  Service  airplane  with 
a  440-hp.  Liberty  engine  at   124.98  m.p.h. 

The  Mitchell  Trophy  race  was  won  by  Capt.  B.  E.  Skeel  in 
B  Thomas  M  'Se  MBS  airplane,  with  a  300-hp.  Wright  H3 
engine,  at  a  speed  of  146.46  m.p.h.  The  distance  was  124.27 
miles,  the  rare  being  open  to  Army  pursuit  planes  of  military 
type. 

The  Mulvihill  Model  Trophy  event,  for  model  airplanes  not 
ding  10  m.  in  span,  driven  by  robber-strand  motors,  for 
duration,  was  won  by  E.  J.  Lange  of  Chicago,  with  a  model 
that  maintained  (light  for  1  min.  22  3  5  sec. 

C.  S.  Jones  won  the  "On-to-St.  Louis"  race.  He  flew  a  Cur- 
tiss-Oriole  biplane,  carrying  one  passenger,  from  Garden 
City,  N.  Y.  The  St.  Louis  Chamber  of  Commerce  presented 
the  trophy  for  this  event,  -which  was  for  civilians  only,  the 
competitors  to  fly  from  any  point  over  200  miles  distant,  and 
the  winner  determined  on  the  point  basis,  with  credits  for 
i  sengers  carried  and  horsepower  of  engine 
.Lines'  flying  time  was   13  hr.  30  min. 


HKIJTM   IN  AIRSHIPS 


THi  .f    helium    from    American 

.rces  is  30,000  cu.  m.   I  I  i.  ft.)   per  day,  of 

approximately  one-third  could  be  collected  readily  at 
outlay  for  the  plant  of  about  $70,000,000.     Amor- 
.pital   outlay   during   the    average   life    of    the 
■  hich  is  estimated  at  20  years,  and  adding  the  actual 
.ng  expenses,  the   minimum   cost  of  compressed   helium 
amounts  to  about  $2  per  cu.  m.   (7.1  cents  per  cu.  ft.).     This 
ised  on  a  probable  annual  production  of  3,000,000 
•  JB  cu.  ft.)  of  helium. 
The  consumption  of  hydrogen  gas  in  an  airship  is  due  (a) 
notic  diffusion,  (6)  to  the  necessary  washings  for  main- 
r.g  a  predetermined  degree  of  purity  and    (c)   to  con- 
during  navigation.     In  the  present  state  of  tech- 
•  and  practical  application,  the  most  important  of  these 
is   the  last,  which   in  the  case  of  the  regular 
nercial  traffic  would  assume  very  high  values  indeed.    If 
.mption   is  calculated   for  long  distance  flights   and 
:rly  traffic,  4000  hr.  of  flying  per  year  for  example. 
;med   that  the  quantity  of  hydrogen  gas  that 
-  overcome  the  decrease  in  weight  due  to  fuel 
-mption  is  1  cu.  m.  per  kg.    (16.017  «u.  ft.  per  lb. I,  the 
•  ption  of  an  airship  having  a  volume  of  100,000 
.145.56   cu.   ft.)    driven   by   engines   developing 
ximately  3600  hp.  and  navigating  at  half  power  wii 

ourly  fuel-consumption  of  600  kg.   (1,102.31  lb.)   is 

cu.   m.    (70,628,911.20   cu.   ft.)    of   hydrogen   or  20 

its  own  value.     Practically  the  entire  American  output 

)!d  be  required   for  supplying  a  single  airship 

fore  the  cost  would  be  prohibitive.     In 

urring  in  actual  practice  it  1.  ound 

poss.  for  the  fuel  consumption  during  nav- 

■  tly  the  most  important  of  the  three  causes 

in  ail   hip  a  serious  ques- 

elimination. 

1 1  yet  to  ascertain 
loss  of  helium  through  the 
the  ea  perimenta  car- 
mental    Aeronautics    at 
-how  that  it  is  not  un- 
per  sq.  m.  (0.00978 


cu.  ft.  per  sq.  ft.)  in  'J  4.  hr.  Basing  our  calculations  on  this 
figure  the  airship  under  consideration,  which  has  a  sui 
of  diffusion  of  18,000  sq.  m.  (115,251.1  sq.  ft.),  would  lose 
through  osmosis  19,440  cu.  m.  (fi86, 513.07  cu.  ft.)  of  gas  per 
year,  which  is  less  than  20  per  cent  of  its  volume.  The  rela- 
tive losses  in  the  case  of  greater  volumes  would  be  even  less 
due  in  part  to  the  smaller  surface-volume  ratio. 

At  present  the  fresh  supplies  of  hydrogen  required  on  ac- 
count of  consumption  during  navigation  are  sufficient  to 
maintain  the  necessary  purity  inside  the  envelope,  but  where 
fresh  supplies  are  not  available,  the  washing  of  the  gas  be- 
comes a  daily  necessity,  the  importance  of  which  is  much 
greater  than  the  actual  losses  through  osmosis.  If,  for  ex- 
ample, it  is  desired  to  maintain  a  purity  of  96  per  cent  with 
an  annual  osmotic  loss  of  20  per  cent  as  calculated  above,  an 
annual  washing  equal  to  double  the  volume  of  the  airship  is 
necessary.  In  thi  case  of  helium  this  cause  of  great  con- 
sumption can  be  totally  eliminated  by  regenerating  01 
purifying  the  helium,  that  is,  extracting  the  air  that  vil 
it,  and  by  cooling  and  liquefying  the  gas. 

Of  the  three  causes  mentioned  that  render  the  replace- 
ment of  helium  necessary,  consumption  during  navigation, 
washing  and  osmotic  loss,  which  are  in  the  proportion  of  !••" 
to  L0  to  1,  only  the  last,  which  amounts  to  an  annual  average 
of  20  per  cent  of  the  volume  of  supply,  cannot  be  eliminated. 
This  has  two  important  results.  First,  the  necessity  of  re 
placement  being  reduced  to  this  single  cause,  the  available 
quantity  of  American  helium  is  sufficient  for  running  not 
one,  but  150  airship-  of  the  average  volume  mentioned  above. 
which  is-  sufficient  for  a  world  fleet  of  civil  airships;  and 
second,  the  COBl  of  helium  is  within  the  reach  of  economical 
navigation,  because  apart  from  the  volume  of  gas  necessary 
for  inflation  only  an  annual  replacement  of  20  per  cent  of 
this  volume  is  required.  In  other  words,  the  initial  gas 
volume  necessary  for  inflating  the  dirigible  is  exhausted  in 
a  minimum  period  of  2  years.  Considered  in  this  light,  helium 
i  longer  a  material  of  consumption  but  a  material  of 
construction  of  which  the  required  initial  outlay  for  the 
plant  is  amortizable  in  5  years.  Therefore,  its  substitution 
for  hydrogen  in  civil  enterprise  is  possible  and  economically 
profitable. — Col.  A.  Crocco  In  Aviation. 
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Spur-Gear  Grinding  and  Testing 


By  A.  J.  Ott1  and  C.  L.  Ott2 


Production  Meeting  Paper 


Illustrated  with  Photographs  and  Drawings 


A  GRINDING  machine  for  finishing  spur-gears  is 
illustrated  and  described;  claims  are  made  that  it 
will  grind  transmission  gears  on  a  production  basis 
after  they  have  been  heat-treated,  will  produce  correct 
tooth-contour,  smooth  finish  and  accurate  tooth-spac- 
ing, these  features  being  necessary  in  producing  gears 
that  are  interchangeable  and  that  run  quietly. 

This  machine  is  of  the  generating  type,  its  action 
being  that  of  rolling  a  gear  along  an  imaginary  rack 
and  using  the  grinding  wheel  as  one  tooth  of  the  rack. 
The  dished  grinding-wheel  is  reversible,  30-in.  in 
diameter,  mounted  below  the  gear,  and  can  be  swiveled 
to  the  right  or  left  of  the  center  position  up  to  an  angle 
of  25  deg.  The  work-spindle  carries  the  indexing  and 
the  generating  mechanisms  at  the  rear,  where  they 
are  accessible  and  yet  are  protected.  Two  or  more 
machines  can  be  operated  simultaneously  by  one  man, 
as  a  clocklike  mechanism  can  be  set  to  stop  the  work- 
carriage  and  the  grinding  wheel  when  the  last  tooth 
of  a  gear  has  been  ground. 

A  drum-cam  drives  the  work-carriage.  Thin  steel 
tapes  are  used  to  accomplish  the  generating  principle; 
they  wind  and  unwind  on  a  pitch-diameter  segment 
as  the  work-carriage  is  driven  forward  and  back- 
ward, and  produce  uniform  duplication  of  tooth-con- 
tour. Slight  variations  of  tooth-contour  can  be  made 
easily  by  giving  a  greater  or  a  less  angle  to  the  wheel 
and  also  by  varying  the  diameter  of  the  pitch-circle  or 
segment. 

A  machine  for  testing  gears  that  have  been  ground 
is  described  also;  it  will  develop  the  involute  curve, 
indicate  whether  it  is  true  or  modified  and  test  tooth- 
spacing.  By  means  of  adapters,  engine-front  spiral- 
gears,  and  bevel-gears,  can  be  checked  for  accuracy  of 
contour  and  for  tooth-spacing. 

LONG  strides  forward  have  been  made  in  the  grind- 
ing  art  in  the  past  20  years ;  I  cite  the  plain  cylin- 
-i  drical  field  as  an  instance.  It  is  not  so  many 
years  ago  that  the  manufacturers  of  plain  grinding- 
machines  urged  the  economy  of  grinding;  that  is,  the 
use  of  lathes  for  rough-turning  shafts,  spindles  and  the 
like,  and  then  grinding  to  the  limits  desired,  so  as  to 
insure  interchangeability.  Automotive  engineers  and 
manufacturers  grasped  and  adopted  the  idea  and  its  ad- 
vantages quickly.  No  one  would  think  now  of  finishing 
cylindrical  parts  on  a  lathe  by  the  old  methods;  espe- 
cially would  they  not  think  of  hardening  a  part  after 
finishing  it  to  size.  For  example,  in  one  of  our  machines. 
shown  in  Fig.  1,  there  is  a  spindle  3  in.  in  diameter  and 
34  in.  long;  it  is  of  3%-per  cent  nickel  steel,  pack-hard- 
ened and  oil-quenched.  We  consider  a  0.015-in.  warp 
very  little.  Of  course,  the  spindle  is  ground  before  it 
can  be  used. 

Fig.  2  shows  a  transmission  gear,  approximately  6  in. 
in  diameter,  with  a  %-in.  face,  of  6  pitch  and  having  a 
5  16-in.  web.  This  gear  is  ground  on  both  sides  before 
oil-hardening  and,  after  it  comes  from  having  been  heat- 
treated,  its  sides  will  show  a  warp  from  0.005  to  0.015 
in.    The  most  careful  chucking  in  grinding  the  hole  from 

1  President.  American  Grinder  Co..  Detroit. 

:  Secretary-Treasurer.  American  Grinder  Co.,  Detroit. 
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Fig.  1 — A  Gear-Grinding  Machine  Spindle  That  Is  Ground  Be- 
fore Being  Used 


Fig.    2 — A   Transmission   Gear   Approximately 

E    In.    in    Diameter   That  Is    Ground   on    Both 

Sides  Before  On,  Hardening 

the  pitch-line  will  not  square-up  the  tooth  bearing-sur- 
faces, for  they  are  no  longer  parallel.  Furthermore,  the 
tooth-spacing  of  the  gear  was  very  good  in  its  green 
condition,  and  no  interference  could  be  noticed  in  testing 
this  by  hand-rolling ;  however,  after  heat -treatment,  the 
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Fig.    3 — Chart   of   a   33-Tooth    Gear   Showing 
Green.   Hardened   and   Ground   States 
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Fio.   4 — Application   of  the   Generating   Prin- 
ciple to  Gear  Grinding,  the  Grinding  Wheel 
Being  the  Kquiyalent  of  One  Side  of  a  Rack 
Tooth 

tooth-spacing  was  bad,  as  shown  in  Fig.  3,  and  hand- 
rolling  showed  considerable  interference.  But  the  bear- 
ing surface  of  the  teeth  can  be  made  parallel  and  con- 
centric with  the  hole,  the  spacing  made  accurate  and  the 
tooth-contour  restored  with  a  grinding  machine  that  we 
have  developed. 

Description  of  Grinding  Machine 

This  machine  is  of  the  pure  generating  type,  the  action 

being  that  of  rolling  a  gear  along  an   imaginary   rack 

with  the  grinding  wheel  used  as  one  tooth  of  the  rack,  in 

the  manner  shown  in  Fig.  4.    Fig.  5  shows  a  general  out- 


line  of  tlio  machine.  The  gear  is  mounted  at  a  suitable 
loading   height;    the   dished   grinding-wheel,  30   in.   in 

diameter,  is  below  the  gear  and  it  can  be  reversed  and 
Bwiveled  either  side  of  the  center  up  to  an  angle  of  25 
deg.  The  work-spindle  carries  the  index  and  generating 
mechanism  at  the  rear,  where  it  is  protected  thoroughly 
and  is  very  accessible.  The  carriage  is  driven  by  a  drum- 
cam,  and  a  mechanism  is  provided  thai  stops  the  car- 
riage, and  the  wheel  also,  when  desired.  All  control 
levers  are  immediately  in  front  of  the  machine  to  the 
right  of  the  wheel. 

Fig.  6  is  a  front  right-hand  side-view  of  the  machine, 
with  the  water-guard  in  place  and  covering  the  wheel 
and  the  work.  The  machine  is  self-contained,  has  a 
single-pulley  drive,  and  its  general  compactness  is  notice- 
able. The  wheel-spindle  is  journaled  low  on  the  wheel 
slide-column,  and  this  brings  the  heavier  and  high-speed 
member  down  nearer  the  floor.  It  has  a  1 '  j-in.  lateral- 
feed  adjustment,  and  is  provided  with  double  end-thrust 
ball-bearings.     The  main  bearings  are  made  of  the  best 


[ownra  th»  General  Oirr- 
e  or  the  •  Machine 


Fio.  6 — Three-Quarter  View  ok  thi  Guinm  a  ne 

bronze  obtainable.     The  amount  of  feed  is  controlled  by 
the  12-in.  hand-wheel,  which  is  provided  with  a  microme- 
ter adjustment  and  a  positive  stop.     Fig.  7  shows  a  sec- 
tional sketch  of  the  grinding-wheel  and  Fig.  8  show 
lure. 
The  straight  edge  at  right  angles  to  the  wheel-spindle 
grinding;  it  is  kepi  true  with  a  double  worm- 
vorm-wheel-driven    truing-device.      While    rotating 
the  hand-wheel  moderately,  the  reduction  is  such  that  the 
movement  of  the  diamond  is  slow,  which  is  necessary  to 
secure  a  smooth  and  true  grinding  surface.    Our  design 
of  wheel  a    IVi-in.  deep     urface-wear  or  truing. 

An  a  of  one  thousand  30-tooth  rears  of  6  to  8 

pitch  can   be  ground   on   both   sides  of  the  teeth   with  a 

ombination-J,   vitrified  wheel,  which  mi 
two  grinds  or  four  passes;  this  equals  grinding  00,000 
teeth  on  one  Bide,  twice  around,  which  is  the  usual  grind- 
ing method. 

The  wheel-head  is  arranged  to  swivel  to  the  right  or 

to  the  I'Tt  ol  the  center,  up  to  an  angle  of  25  deg.    This 

is    particularly   advantageous    when    working    on   pinion 

,  thai   is,  gears  with  stems;  the  stem  is  located  in 
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Bi/e/red  True  All  Over 

Fig.   7 — Cross-Section   of  the  Grinding   Wheel 


the  holding  arbor  while  grinding  either  the  drive  or  the 
coast  side  of  the  teeth  and,  without  the  swiveling  fea- 
ture, special  outboard  centers  would  need  to  be  used, 
which  would  be  rather  inconvenient  and  not  at  all  prac- 
ticable in  some  cases.  It  is  also  a  very  desirable  feature 
when  working  on  some  cluster  gears;  the  wheel,  of 
course,  is  reversed  and  so  is  the  diamond-holding  bracket. 


Fig.   S- 


-Sketch  Illustrating   the  Reversible  and  Swiveling 
Features  of  the  Wheel 


Fig.  9  shows  the  wheel-head  swiveled  to  the  right  20 
deg.  and  grinding  an  18-tooth  6-pitch  stem-gear  on  the 
drive  slide.  Fig.  10  shows  the  wheel-head  swiveled  to  the 
left  14V2  deg.  and  grinding  an  18-tooth  6-pitch  stem- 
gear  on  the  coast  side. 


Fig.   9 — Grinding   the  Driving   Side  of   an   1S-Tooth    Stem    Gear 
with  the  Wheel-Head  Swiveled   20   Deg.  to  the  Right 

The  position  shown  in  Fig.  10  is  that  in  which  the 
wheel-head  is  used  most,  and  on  all  gears  that  can  be 
reversed  readily.  The  gear  above  the  wheel  is  at  a  suit- 
able loading  height  and  is  very  accessible.  The  water- 
guard  is  lifted  and  rocked-up  out  of  the  way.  A  clock- 
like mechanism  automatically  stops  the  work-carriage 
when  the  last  tooth  of  a  gear  has  been  ground;  it  also 
stops  the  wheel  if  desired.  It  is  customary  to  set  the 
stop  at  twice  the  number  of  teeth  of  the  gear  that  is 
being  ground  and  to  allow  the  gear  to  turn  around  twice ; 
that  is,  to  make  what  might  be  called  a  rough  and  a 
finish  grind.  During  the  second  time  around,  there  is  no 
feed-up  to  the  wheel;  it  is  "sparking-out"  as  it  were. 
Then,  as  the  last  tooth  is  finished,  the  carriage  stops 
automatically  and  so  does  the  wheel,  if  it  is  set  to  stop. 


Fig.   10 — The  Wheel-Head  Swiveled   to  the  Left  14*£   Deg.   for 
Grinding  an  18-Tooth  Stem  Gear  on  the  Coast  Side 


Fig.  11 — The  Slotted  Locating  Ring  on  the  Arbor  for  Locating 
the  Gear  in   the  Proper   Relation  to  the  Grinding  Wheel 

This  allows  an  operator  to  run  two  or  more  machines 
simultaneously. 

The  carriage  stops  with  the  gear  out  of  the  wheel  and 
to  its  right,  so  that  the  arbor  can  be  loaded  and  unloaded 
without  wheel   interference.     Of  course,  the  gear  must 
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12 — Cross-Section  of  the  Work  Spindle,  Index  and  Generat- 
ing Mechanism 
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-toh  or  the  Segment.  Tapes  and  Tape  Bar 

be  located  to  mesh  correctly  with  the  grinding  wheel 
and.  to  permit  doing  this  quickly,  a  slotted  locating-ring 
ed  to  the  arbor,  as  shown  in  Fig.  11.  With  a 
•antial  knife-gage  inserted  in  the  ring-slot  and  be- 
tween two  teeth,  the  gear  is  positioned  in  proper  rela- 
tion with  the  wheel  and  the  machine  is  then  read 
start  to  grind  again. 

Utilization  of  the  Generating  Principle 

Fig.  12  shows  the  work-spindle.  It  is  taper  journaled 
in  bronze  bearings,  having  flooded  lubrication,  and  is 
mounted  in  a  carriage  which  is  driven  with  a  drum-cam 
located  in  the  bed.  The  generating  principle  of  the  work- 
spindle  is  accomplished  by  means  of  thin  steel-tapes  that 


wind  and  unwind  on  a  piteh-diameter  circle  or  segment 
as  the  carriage  is  driven  forward  and  backward.  This 
mechanism  is  at  the  rear  of  the  work-spindle;  it  is  shown 
in  Fiji.  LS,  There  is  practically  no  load  whatever  on 
these  tapes;  they  simply  oseillate  the  work-spindle  and 
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this  enables  the  carriage  to  be  driven  at  the  same  rate 
of  speed  on  small  pinions  as  on  large  gears.  These  tapes 
are  1%  in.  wide  and  only  0.008  in.  thick,  using  one  pair; 
that  is,  one  end  of  one  tape  is  attached  to  the  segment 
and  the  other  end  to  the  tape-bar.  The  other  tape  is  at- 
tached in  a  reverse  manner,  and  screw  adjustment  is 
provided  so  that  the  tapes  hug  the  segment  snugly  and 
produce  uniform  duplication  of  tooth-contour. 

Indexing 

The  index  mechanism  is  very  simple ;  it,  also,  is  at  the 
rear  of  the  work-spindle.  Hardened  and  ground  notched 
plates  are  used,  having  the  same  number  of  notches  as 
the  number  of  teeth  on  the  gear  to  be  ground.  The 
notches  are  ground  and  lapped  to  very  close  limits  to 
insure  accuracy  of  tooth-spacing.  It  requires  less  than 
1  sec.  to  index  from  tooth  to  tooth,  and  the  grinding 
times  vary  according  to  the  carriage  change-gears  used. 
We  usually  supply  two  pairs  of  change-gears  to  grind 
one  side  of  the  usual  transmission-gear  tooth  in  5  or 
6  sec,  according  to  the  accuracy,  finish  and  amount  of 
production  desired. 

Fig.  14  shows  the  carriage  cover  open  and  illustrates 
the  drum-cam  carriage-drive  and  the  travel-adjustment 
mechanism.  The  cam-groove  provides  a  smooth  and 
suitable  reversing  drive,  eliminating  entirely   load-and- 
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16 — Gear-Testing    Device    That    Has    Been    Developed    To 
Check  the  Involute  Curve 


left-hand   end,   to  take   care   of   pinion   gears,   and    has 
holding  studs  and  two  slides  at  right  angles. 

Two  methods  can  be  used  with  this  gear-tester.     In 
starting  to  grind  gears,  good-rolling  green-gears  can  be 
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?hart  Plotted  bt  the  Gear-Testing  Device  Showing  the  True  Involute  and  Modified  Curves 


fire  reverse-mechanisms,  clutches  and  their  attendant 
troubles.  The  stroke  or  travel  of  the  carriage  is  ad- 
justable to  suit  the  pitch  of  the  teeth;  also,  the  position 
of  the  carriage  in  relation  to  the  wheel  is  adjustable. 

Fig.  15  is  a  chart  of  16-tooth  6  to  8-pitch  14y2-deg. 
P.  A.  stem-gears  ground  to  conform  to  a  master  curve, 
the  first  curve  shown  in  the  illustration.  This  shows 
the  uniform  duplication  of  tooth-contour  that  can  be 
ground  with  our  machine  at  the  high  rate  of  5  sec.  per 
side  of  tooth.  The  finish  was  good  and  the  tooth-spacing 
was  as  shown  to  the  right,  from  readings  taken  over  4 
teeth,  or  90  deg.  which,  besides  tooth-spacing,  shows-up 
any  eccentricity. 

Gear-Testing  Machine 

Correct  tooth-contour  of  the  meshing  gears  and  accu- 
rate spacing  with  a  smooth  grinding  finish  produce  quiet 
running  transmissions.  Slight  variations  of  tooth-con- 
tour can  be  made  easily  by  giving  more  or  less  angle  to 
the  wheel,  and  also  by  varying  the  diameter  of  the  pitch- 
circle  or  segment.  We  have  developed  a  gear-tester, 
shown  in  Fig.  16,  in  order  to  measure  these  minute 
variations  of  tooth-contour,  to  know  about  the  tooth- 
form  and  to  be  able  to  duplicate  established  tooth-forms. 
It  consists  of  a  base  with  a  large  ground  bushing  on  the 


picked  out  from  production  and  tooth-curves  can  be 
charted  by  using  the  lower  slide  of  this  tester  and  then 
adjusting  the  grinder  to  duplicate  these  curves.  The 
other  method  is  to  make  base-circle  adapter-studs,  and 


Fig.    1S- 
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will  give  the  variation  of  tooth-contour  from  the 
true  involute.    Two  steel  tapes  are  attached  to  the  stud 
and  the  top  slide;  this  insures  correct   indication  with- 
out slippage  on  the  smallest  gears.     If  the  tooth  being 
1  is  a  true   involute,  the   indicator  will  remain  at 
zero  and  a  chart  can  be  plotted,  using  the  hand-wheel 
graduations;  a  plunger  automatically  retards  the  hand- 
wheel  even-  0.010  in.    The  true  involute  tooth  will  show 
■t    line,    as    in    Fig.    17.      .Modified    curves    are 
illy  concave,  that  is,  they  fade  out  at  the  top  and  the 


bottom    as   shown    in    Fig.    17;    if   convex,    there   will    be 
interfere  shows  in  the  illustration. 

Tooth-spacing  can  be  tested  either  by  direct  reading. 
or  with  the  post  set  at  an  ancle  of  90  deg.  as  shown  in 
Fig.  18.  The  indicator  needle  can  be  reversed  in  eases 
where  it  is  not  possible  to  reverse  the  gear.  By  making 
ial  adapters,  ae  shown  in  Fig.  1!>,  engine-front  spiral- 
gears,  and  also  hovel-gears,  can  be  checked  for  tooth- 
contour  and  tooth-spacing. 

Summary 

By  using  the  machine  and  methods  described,  fine 
finishing  cuts,  burnishing  and  polishing  operations  can 
all  be  eliminated.  Real  economical  production  of  trans- 
mission gears  is  attained  by  roughing-out  the  teeth  to 
about  a  0.005-in.  oversize  tooth-thickness,  depending  on 
the  amount  of  backlash  desired;  then  harden  the  gear, 
grind  the  hole  or  stem,  and  afterward  grind  the  teeth. 
Why  spend  so  much  time  with  finishing  operations  and 
then  subject  the  gears  to  heat-treatment?  Even  with 
the  greatest  of  care,  there  is  then  some  distortion.  The 
finishing  can  be  done  best  by  grinding  after  hardening, 
and  it  can  be  done  in  about   the  same  or  even  less  time. 

Just  as  all  now  agree  with  the  plain  cylindrical-grinder 
representatives,  so  now  the  teeth  of  transmission  gears 
can  be  ground  to  established  tooth-forms  and  limits  and 
mbled  interchangeably.  The  gears  run  quietly  and 
stay  in  the  transmission  eases.  There  will  be  no  more 
"tear-downs";  that  is.  so  far  as  the  gear  teeth  are  con- 
cerned, provided,  of  course,  the  proper  tooth-form  has 
been  adopted.  Our  system  of  developing,  grinding  and 
testing  accomplishes  this  effectively. 


WHEAT  ACREAGE 


TIIK  principal  countries  importing  wheal  are  those  of 
and  before  the  war  an  important  share 
of  their  supplies  came  from  Russia  and  the  Balkan  countries. 
Approxin  .MOO   bu.    annually    were    exported   by 

supplies  were  cut  off  in  the  first  year 
it,  with  the  result  that  the  price  of  wheat  rose  rap- 
idly n  Europe  and  in  all  producing  countries  free 
-ich  that  market.     Under  this  influence  the  acreage  of 
wheat  was  enlarged,  not  only  in  the  United   States,  but  in 
tries,  and   particularly  in  Canada,  where  a  great 
opp>                     t  expansion  existed  in  the  Prairie  Provinces. 
The    increased    acreage   and    production    of    wheat    in    the 
•iada   under   the   stimulus  of   the    war 
shown    by   Table    1,  which    gives   the  average   of 
each  ng  the  war.  the  average 
;   ■  •:■     actual  figures   for   1919,   1920  and 
■     •      timal      for  I  I 


TABLE    1 — WHEAT     I  UCTTOM    01     TIIK    UNITED 

\TES  AND   CANAIiA 


"d  States 

:  action 


. 

1 

127,000 

:  l.ooo 

Canada 
Acreage     Production 

15,000  197,119,000 

■  -  -     ,.ooo 

19425,000  193,260,000 

18,-  I  000 

23,261,000  300,858,000 

0,000 

383,000,000 


It  will  be  seen  that  the  increase  in  Canadian  production 
alone  approximately  equals  the  entire  annual  exports  from 
Russia  and  the  B.-i  the  war. 


The  average  production  of  the  five  leading  export  coun- 
tries outside  of  Russia  for  the  5  years  ended  with  1913  and 
for  1922  is  given  in  Table  2. 


TABLE    2 — WHEAT     PRODUCTION     IN     THE    LEADING    COUN- 


Argentina 
Australia 

i  da 
India 
United  States 

Totals 
Increase 


TRIES    EXCLUSIVE    OF    RUSSIA 

Average, 
1909-1913 
157,347,000 
84,943,000 
11)7, 119,000 
349,919,000 
690,109,000 


1,479,437,000 


1922 
215,32*0,000 
105,000,000 
400,000,000 
366,352,000 
856,211,000 

1,942,883,000 

p;:;,  in;. ooo 


This  sh'  ncrea  i    in   these  countries  of  more  than 

•  the   former  exports  of   Russia   and  the   Balkan  coun- 
tries.    The  average  acreage  in  wheat  in  these  five  countries 
the  period  of   1909-1913  was   10K,682,000  acres;   for  the 
peak  of  the  war   period    it    was    111.626,000  acres;  and  for 
1928  it  was  186,796,000  acres. 

It  appears   therefore  that  there    is   no   mystery  about  the 
low  price  of  wheat  this  lecially  when  it  is  considered 

that  the  buying  power   of  the  importing  countries  has  been 
below    par,    forcing   them    to    resort    to   cheaper    foods  than 
wheat.     Moreover,  the  situation  as  to  wheat  has  been  adver- 
■  han  the  facts  warranted.     The  carry- 
in   this    Country  has  been  ited.     The   July   re- 
the   Canadian   crop    repri    ented   one  of  500,000,000 
bu.,  an<l   reports  have  been  current  that  Russia  might  make 
irge  export-.     Under  all   this  it  is  not  strange 
that                    for   the   market  has  been   lacking.     There  has 
no   profit    in    carrying  grain    from   harvest   time  to  the 
end    of   the   crop   year   in    any  year   since   1920. — George   E. 
Roberts  in  Journal  of  American  Bankers  Association. 
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Research  Topics  and  Suggestions 

rryHE  Research  Department  plans  to  present  under  th  is  heading  each  month  a  topic  that  is  pertinent  to  the 
_/  general  field  of  automotive  research,  and  is  either  of  special  interest  to  some  group  of  the  Society  member- 
ship or  related  to  some  particularly  urgent  problem  of  th  e  industry.  Since  the  object  of  the  department  is  to  act 
as  a  clearing-house  for  research  information,  we  shall  be  pleased  to  receive  the  comments  of  members  regarding 
the  topics  so  presented,  and  their  suggestions  as  to  what  might  be  of  interest  in  this  connection. 

FINISHING  PISTON-RING  GROOVES 


A  NUMBER  of  members  have  written  the  Research  De- 
partment requesting  information  on  the  various  prac- 
tical methods  of  finishing  piston-ring  grooves  to  a  very  high 
degree  of  polish  and  accuracy.  Attention  is  called  to  the 
fact  that  finishing  with  the  ordinary  forming-tool  leaves  a 
series  of  tool-marks  or  ridges  that  wear  away  initially  very 
rapidly,  thus  creating  an  objectionable  leakage  space  around 
the  rings.  Processes  of  grinding  and  lapping,  which  have 
been  suggested,  possess  obvious  disadvantages  when  con- 
sidered from  the  point  of  view  of  production. 

In  an  effort  to  obtain  useful  information  on  the  subject, 
the  Research  Department  communicated  with  leading  manu- 
facturers, a  number  of  whom  have  outlined  their  methods 
for  the  benefit  of  others  who  may  be  interested. 

The  following  extract  is  from  a  letter  from  a  manufac- 
turer who  finds  it  possible  to  finish  the  grooves  satisfac- 
torily with  suitable  cutting  tools: 

In  our  regular  production  we  use  the  customary 
method  of  machining  the  grooves  in  the  pistons,  but 
to  hold  the  grooves  to  size  and  get  as  smooth  a  finish 
as  possible  on  the  sides,  we  make  a  roughing  and  a 
finishing  tool.  By  properly  shaping  the  tool  on  the 
finishing  cut  we  are  able  to  secure  a  fairly  smooth 
surface  on  the  sides  of  the  grooves.  We  also  take  con- 
siderable pains  to  keep  the  piston  from  moving  endwise 
ever  so  slightly  during  this  operation,  as  this  produces 
wavy  grooves  and  permits  loss  of  power  and  leakage 
of  oil. 

Some  time  ago  we  installed  in  an  engine  two  pistons 
with  the  grooves  very  accurately  tooled  and  polished. 
The  remaining  two  pistons  were  of  our  standard  pro- 
duction. We  ran  several  tests  to  determine  the  abil- 
ity of  the  two  types  of  piston  to  hold  compression,  but 
were  unable  to  ascertain  whether  the  pistons  with  the 
polished  grooves  were  superior  to  the  o'thers  in  this 
respect. 

The  forming  tool  is  also  found  satisfactory  by  another 
automobile  builder  who  writes : 

We  find  that  an  ordinary  forming  tool,  when  prop- 
erly ground,  is  very  satisfactory  for  this  purpose. 
Some  of  the  essential  details  are  proper  hardness  of 
the  tool,  proper  setting,  point  clearance,  feed  and 
speed  and  the  condition  of  the  piston  iron.  When 
these  conditions  are  met  a  smooth  and  true  groove 
should  be  the  result. 

Xo  commercially  satisfactory  method  of  grinding  piston- 
ring  grooves  seems  to  have  been  perfected.  The  experts  of 
one  of  the  foremost  grinding  companies  brought  out  the 
fact  that,  even  though  it  were  possible  with  properly  shaped 
wheels  and  present  methods  to  grind  the  grooves  very  sat- 
isfactorily, yet  it  would  be  a  toolroom  job,  not  susceptible 
of  easy  adaptation  to  a  production  basis. 

Perhaps  the  most  promising  methods  offered  for  finishing 
grooves  involve  burnishing  or  rolling  operations.  One  prom- 
inent company  writes: 

The  groove  is  first  roughed  out  with  a  solid  tool  to 
approximately  full  depth  and  %  in.  wide.  Then  on 
another  machine  a  second  cut  is  taken  which  deepens 
the  groove  slightly  and  widens  it  to  5/32  in.  This  we 
hold  to  a  tolerance  of  0.01  in. 
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On  the  same  machine  and  with  the  back  cross-slide 
the  third  cut  is  taken  with  split  tools  that  do  not  cut 
at  the  bottom  of  the  groove  at  all  but  simply  shave  the 
sides  to  a  limit  of  from  0.1868  to  0.1878  in.;  at  least 
these  are  our  gage  limits  but  the  piston  grooves  are 
actually  made  much  closer  than  this. 

The  fourth  operation  on  the  grooves  is  on  a  lathe 
where  we  run  in  a  revolving  burnishing  disc  that  has 
sharp  edges  and  is  0.1873  in.  wide.  This  burnishes 
the  sides  of  the  groove  and  removes  any  ridges  that 
might  be  left  by  the  finishing  tool. 

The  final  operation  on  the  grooves  consists  of  burr- 
ing the  corners  and  polishing  the  bottom  with  a  narrow 
strip  of  emery  cloth. 

In  our  opinion  this  method  is  as  good  as  any  unless 
we  wish  to  go  to  a  very  expensive  lapping  operation. 
I  believe  also  that  the  chief  cause  of  wear  between 
the  ring  and  the  groove  is  the  roughness  of  the  ring 
itself  on  the  side.  These  rings  are  very  hard  and  they 
are  usually  rather  rough  on  the  side  from  improper 
grinding  and  there  is  a  filing  action  between  the  ring 
and  the  groove  due  to  the  fact  that  the  ring  is  so  much 
harder  than  the  piston. 

It  is  now  possible  to  lap  the  rings  on  the  sides  very 
economically  and  accurately,  and  we  are  considering 
doing  this,  as  we  will  secure  a  flat,  smooth,  accurate 
ring  that  would  certainly  contribute  greatly  to  longer 
wear. 

A  second  company  writes: 

The  method  followed  in  our  factory  for  finishing 
piston-ring  grooves  is  to  burnish  with  hardened, 
ground  and  lapped  high-speed  steel  rollers  running  in 
oil,  set  on  a  shaft  in  a  holding  fixture  and  used  in  a 
lathe.  The  rollers  have  a  lateral  movement  to  com- 
pensate for  variation  between  grooves.  The  width  of 
the  rollers  is  about  0.0003  in.  greater  than  the  max- 
imum width  of  the  groove  gage.  The  proper  width 
of  the  rollers  is  controlled  by  the  grade  of  cast  iron  in 
the  pistons.  The  operation  is  short  and  is  very  satis- 
factory. 

A  third  company  states: 

So  far  our  best  results  have  been  obtained  from  a 
burnishing  roll  or  disc  of  approximately  the  same  diam- 
eter as  the  piston,  mounted  on  ball  bearings  and  at- 
tached to  the  cross-slide  of  a  lathe,  burnishing  one 
groove  at  a  time.  We  are  now  equipping  to  try  a  com- 
bined skiving  and  burnishing  operation. 

Another  factory  uses  a  tool-holder  carrying  a  series  of 
hardened  steel  discs  of  the  correct  thickness,  properly  spaced 
to  fit  the  piston-ring  grooves.  These  discs  burnish  the  metal 
on  each  side  of  the  groove  and  have  apparently  proved  suc- 
cessful. 

Furthermore  a  motorcycle  manufacturer  reports  as  fol- 
lows : 

We  have  done  a  great  amount  of  experimenting  in 
this  direction,  using  a  finishing  roll  about  5  in.  in 
diameter  made  of  carbon  steel,  ground  and  lapped  to 
the  proper  width,  and  ground  to  produce  very  sharp 
corners.     We   found   the   roller  would   not  work   with 
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ed  on  a  stiff  1 

i  that  it  could 
roil, 

machine  with  the  r 
From  0  -   left 

in  t  for  the  roller  to  reduo 

raa  fed  into  the  groove  to  the  proper 

ok  the  roll  action 

was  ;  oration  and  with  the  0.0020-in.  over- 

■.  a  cutaway  one,  but  in  either  case  the  finish 

produced  was  a  very  smooth,  compact  surface  on  both 

■und  that  straight  carbon  tool- 

re  away  and  lost   their  size  rather   I 

and  we  changed  over  to   S.   A.   E.  ;'.120  chrome  nil 

bonized   and   hardened,    which   we   found   will 
-ear  tool  steel  in   an  operation  of  this   kind.      \\ . 


believe  tl  ,v  also  be  obtained  by  using 

regular  chrome  ball-steel. 

A  plant  that  has  not  found  success  with  the  above  methods 
wri'.< 

We  have  done  some  experimental  work  in  an  attempt 
to  improve  our  present  method  of  finishing  these 
res,  principally  with  highly  polished  rolling-tools, 
and  thus  far  have  not  been  successful  in  improving  at 
all  on  the  method  that  we  have  always  used.  This 
method  consists  of  making  two  cuts  in  the  ring  grooves, 
the  first  cut  roughing  them  very  close  to  size  and  the 
second  cut  taking  a  very  fine  finishing  cut  with  a  rea- 
sonably slow  feed. 

It   is  hoped  that   further   material    will   be   received  from 
any  of  our  readers  who  may  care  to  offer  it. 


Important  Sections  Matters 

Action  Taken  at  Meeting  of  Council  in 
Cleveland  Relating  to  Non-Member  Affilia- 
tion   with    Sections    and    Change    in    Dues 


\  T  the  meeting  of  the  Council  held  in  Cleveland,  Oct.  24, 
-  V  •  -al  important  decisions  were  reached  with  regard  to 
■ns  matters.  A  definite  plan  for  the  collection  of  dues 
of  the  Sections  by  the  office  of  the  Society,  beginning  with 
the  next  fiscal  year,  will  be  formulated  for  consideration  at 
the  meeting  of  the  Council  this  month.  A  special  committee 
was  appointed  to  study  thoroughly  the  relations  of  the  local 
units  of  the  Society  to  the  parent  organization,  with  the  pur- 
pose of  bringing  about  such  reorganization  and  moderniza- 
M  may  be  considered  necessary  or  advisable.  It  is  ex- 
pected that  this  committee,  in  the  work  of  which  the  Sec- 
tions Committee  will  join,  will  hold  hearings  for  a  general 
discussion  of  the  issues  defined  as  to  the  basic  principles  in 
the  providing  of  adequate  local  as  well  as  national  activities. 
The  officers  of  all  of  the  Sections  will  be  fully  informed  as  to 


the  work  being  done  by  the  committee   from  time  to  time. 

Among  the  things  to  be  studied  is  the  reestablishment  of 
a  form  of  affiliation  of  non-members  of  the  Society  with 
the  Sections,  similar  in  principle  to  the  enrollment  of  Sec- 
tion associates  that  was  in  effect  several  years  ago  but  dis- 
continued by  Council  direction.  As  stated  elsewhere  in  this 
issue  of  The  Journal,  a  demand  has  arisen  in  several  Sec- 
tions for  such  action,  and  the  Sections  Committee  has  been 
requested  to  draft  an  enabling  provision  for  consideration  in 
amending  the  standard  Sections  Constitution  and  By-Laws, 

The  subject  of  abolishing  Sections  dues  as  such  and  rais- 
ing the  amount  of  the  annual  dues  of  the  Society  to  provide 
proper  financial  support  for  the  maintenance  of  Sections 
activities  to  the  extent  of  all  reasonable  demands  is  also  be- 
fore the  committee. 


( >CTOBER  COUNCIL  MEETING 


THK  -  of  the  Council  held  on  Oct.  24  at  Cleveland 

was  attended  by  President  Alden,  Past-President  Bach- 
man,  President  Crane,  Second  Vice-President 
Scar.  Scaife,  Scott  and  Swet- 
land.  J.  H.  Hunt,  EL  L.  Pope  and  M.  P.  Rumney,  nominees 
for  the  1                    il,  were  also  present. 

Th<  •  ■'  account  for  the  fiscal  year  ended  Sept.  30, 

g  audited  by  public  accountants  and  it  is  ex- 
1  that  the  unexpended  income  for  the  year  will  be  over 
00.     A  bo  -he  current  fiscal  year  was  appr 

".000. 


Applications  for  membership  in  the  Society  to  the  number 
of  87  were  approved. 

The   following  appointments   to   the   Standards   Committee 
were  made: 

R.  E.  Carlson — Lighting  Division 
Norman  Conn — Iron  and  Steel  Division 
\V.  W.  Davison — Axle  and  Wheels  Division 
W.  J.  Outcalt — Screw  Threads  Division 
II.  W.  Sweet — Transmission  Division 
The  next  meeting   of  the   Council   will  be   held   at   Dayton 
on   Nov.  20. 


THE  FARMER 


TODAY  the  farmer's  financial  isolation  is  a  thing  of  the 
past;  'rredit  legislation  has  brought  that  about. 

Today  the  .  isolation  is  capable  of  very  ma- 

terial nv.  r.hone,  the  automobile,  the  radio 

have  iay  the  farmer's  political  isolation 

is  on  the  way  to  annihilation;  the  farmer's  own  aggressive 

What  we  still  need  to  accomplish 

i»  the  ut  of  the  farmer's  social  and  mental  isolation. 

This   last  is  not  a  problem  peculiar  to  the  farmer.     It  is 

*  we  must  face  and  must  answer  in  the  case  of 


|  unit  of  our  population.  We  must  reduce,  if  not  elimi- 
nate entirely,  the  isolation  of  ideas  or  ideals  on  the  part  of 
foreign-born,  on  the  part  of  labor,  on  the  part  of  farmers — 
yes,  on  the  part  of  bankers.  We  must  guard  ourselves  against 
the  dang'  ation,  of  selfish  consideration  of  our  own 

interests  exclusively  or  even  primarily.  We  must  all  learn 
to   funeti  ,1'tners  in  a  common  enterprise — the  pro- 

gressive development  of  our  Country  as  an  increasingly 
better  place  in  which  to  live. — W.  W.  Head,  Omaha  National 
Bank. 
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The  Standardization  of  Methods  of 
Applying  the  Scleroscope 


By  A.  F.  Shore1 


Production  Meeting  Paper 


Illustrated  with  Photographs  and  Charts 


A  STATEMENT  is  made  of  nine  items  suggested  by 
the  Iron  and  Steel  Division  of  the  Society  for  con- 
sideration with  reference  to  securing  greater  uniform- 
ity in  practice  when  making  precision  hardness-tests 
with  the  scleroscope.  Plumbness  of  the  instrument  is 
an  important  factor  and  lateral  vibrations  have  a  bad 
effect;  these  are  discussed  and  surface  smoothness  of 
the  test-specimen  is  considered  in  relation  to  its  effect 
on  accuracy. 

Other  factors  treated  are  the  influence  of  metal- 
scale  on  scleroscope  readings,  the  condition  of  the 
hammer  diamond,  and  the  effect  of  the  mass  of  the 
test-specimen.  Extreme  under-weight  specimens,  inert 
and  over-weight  masses,  the  effect  of  hardness  on  mass 
and  the  effect  of  thickness  of  the  test-specimen  receive 
consideration,  together  with  points  concerning  testing 
near  test-specimen  edges,  the  effect  of  curved  surfaces 
and  how  test-specimens  are  held.  A  lengthy  compar- 
ison between  Brinell  and  scleroscope  hardness-testing 
is  made.  The  paper  presents  photographs  and  illus- 
trative charts. 

THE  scleroscope  has  now  been  adopted  so  generally 
and  is  used  under  such  varied  conditions  that  a 
need  has  come  to  be  felt  for  the  greatest  possible 
standardization  of  methods  for  its  application.  In  addi- 
tion to  their  regular  instruction  literature  for  this  instru- 
ment, which  is  designed  for  the  most  universal  applica- 
tion,   its    manufacturers    have    always    maintained    a 


1  M.S.A.E. — President.    Shore    Instrument    &    Mfg.    Co.,    Jamaica, 

N.  Y. 


Fig.   1 — Two   Views   of  the   Vertical   Scale   Scleroscope 


Fig.  2 — The  Recording  Scleroscope 

department  devoted  to  the  study  of  special  problems  that 
have  arisen  relative  to  precision  hardness-testing,  par- 
ticularly in  quantity-production  operations.  However, 
they  recognize  the  importance  of  securing  more  complete 
data  relative  to  a  better  systematization  of  practice  so 
that  concordant  results  can  be  obtained  more  easily,  inde- 
pendently, by  everyone  and  under  all  conditions.  To  this 
end,  the  members  of  the  Iron  and  Steel  Division  of  the 
Society  suggest  the  following  items  for  consideration 
and  treatment: 

(1)  Plumbness  of  the  instrument  at  the  time  of  ham- 

mer-drop 

(2)  Effect  of  lateral  vibrations  or  shocks  on  the  ham- 

mer 

(3)  Smoothness  of  surface  of  the  test-specimen 

(4)  Condition  of  the  diamond  in  the  hammer 

(5)  Effect  of  mass  on  the  test-specimen 

(6)  Thickness  of  the  test-specimen 

(7)  Effect  of  testing  near  the  edge  of  the  test-speci- 

men 

(8)  Effect  of  curved  surfaces  of  test-specimens 

(9)  How  test-specimens  are  held  or  mounted 

Plumbness  of  the  Instrument 

Manufacturers'  instructions  to  users  always  have  been 
to  set  or  hold  the  scleroscope  as  perfectly  plumb  as  pos- 
sible. The  deviation  should  remain  within  1  deg.  The 
instrument  will  then  indicate  with  100  per  cent  accuracy. 
Notwithstanding  this  advice,  it  is  of  importance  to  know 
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greater  because  of  the  glancing  blow  Btruck.     Table  i 

shows  tin'  errors  for  deviations  of  1  to  5  deg.,  and  for 
10  deg. 


•  I  kl  J.NESS   TE8TS    MADE  ON    DISCS   MEASURING    1% 

iiKTEi:  and  or  Different  Thicknesses 

just  how  much  of  a  drop  in  readings  would  occur  for  each 
degree  that  the  instrument  may  be  out-of-plumb  and  this 
would  be  of  material  guidance  to  operators.  If  the 
surface  of  the  test-specimen  is  also  tilted  or  remains 
at  right  angles,  the  drop  in  readings  thus  approximates 
about  0.007  per  cent  on  the  scleroscope  scale  for  each 
degree  of  angle  for  the  first  5  deg.  At  10  deg.  of  angle, 
the  total  drop  in  readings  is  about  8  per  cent.  The 
objection  to  holding  the  instrument  out-of-plumb  is  not 
the  drop,  but  the  fluctuation  in  the  readings  so 
caused.  When  the  instrument  is  permitted  to  be  out-of- 
plumb,  but  the  surface  of  the  test-specimen  is  level,  the 
errors  on  both  hard  and  soft  metal  are  proportionately 
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TABLE    1— SCLEROSCOPE  ERRORS  FOR    VERTICAL   1'KVIATION 

Deviation  from  Vertical. 

Deg.  Loss,  Per  Cent 
1  1.0 

2 

3  4.5 

4  7.0 

5  10.0 
10                                                               33.0 

A  deviation  from  the  vertical  of  as  much  as  2  deg. 
is  easily  noticeable  to  the  unaided  eye;  3  deg.  is  de- 
cidedly noticeable.  Both  the  Model-C  vertical-scale 
scleroscope  shown  in  Fig.  1  and  the  Model-D  recording 
scleroscope  shown  in  Fig.  2  are  affected  equally  under 
the  conditions  just  cited. 

Effect  of  Lateral  Vibrations 

It  is  understood  that,  in  the  test  made  for  deviations 
from  plumbness,  both  types  of  instrument  were  held 
steady  or  free  from  lateral  movement  or  shocks.  When 
either  type  of  scleroscope  is  moved  or  shaken  roughly 
enough  to  rattle  the  plumb-rod,  it  has  a  marked  effect 
upon  the  accuracy  and  uniformity  of  the  instrument's 
indications,  because  of  the  effect  on  the  drop-hammer. 
These  conditions  must  be  observed  when  free-hand  tests 
are  made. 

Surface  Smoothness  of  the  Test-Specimen 

Having  the  surface  of  the  test-specimen  too  rough 
causes  a  drop  in  the  readings,  but  not  so  much  as  usually 
is  supposed.  The  principal  objection  to  rough  surfaces 
in  scleroscope  practice  is  the  fluctuations  thus  caused  in 
the  readings.  These  are  more  misleading  than  the  per- 
centage of  drop  in  the  readings. 

If  a  test-specimen  of  flat  hardened-steel  about  IV2  in- 
wide  shows  a  leading  on  the  scale  of  100  hard  on  a  com- 
paratively smooth  surface,  and  this  surface  is  then 
ground  on  the  side  of  a  rough  but  true  emery-wheel  11  in. 
in  diameter  and  tested  again,  the  reading  will  fall  to  and 
fluctuate  from  94  to  98  on  the  scale.  If  the  same  sur- 
face is  ground  on  a  disc  machine  faced  with  No. 
paper  having  No.  60  emery,  the  readings  will  fall  and 
fluctuate  from  97  to  99.  When  further  smoothed  with 
No,  20  French  paper  having  Xo.  120  emery  and  the  sur- 
face is  not  polished,  the  instrument  shows  a  reading  of 
100  very  uniformly.  No  increase  in  readings  is  obtain- 
able by  further  polishing. 

On  soft  steel  tha*t  shows  a  reading  of  .'52  hard  when 
polished,  by  using  the  same  coarse-emery  stone,  a  1 
ing  of  only  29  to  31    is  obtained,  and  this  Is  a  drop  of 
9.3  per  cent  and  8.1  per  cent   in  the  readings.     Using  the 
same  No.  2%  paper  having  No.  <10  emery,  a  readii 
29    to    32    is  d.      The    effeel    of    using    smoother 

is,  until  practically  a  mirror  finish  is  obtained,  is 
not  to  increase  the  reading,  namely,  .">2.  but  to  reduce 
the  variations  to  zero. 

On  metal  that  can  be  tiled,  the  maximum  read 
ined  by  the  use  of  a  Hat  cros  ed  1  ul  file  having  al 
70  teeth  per  in.     If  the  teeth  are  not  crossed  cu1    a  file 
having   about   50   teeth   per    in.    will    make   the   surface 
smooth  enough. 

I.MLUENCE    OF    SCALE    ON     .Ml 

Experience  has  demonstrated  that  the  scale  on  steels 
in  the  soft  condition  influences  the  scleroscope  readings 
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only  slightly.  Therefore,  it  is  feasible  to  select  the 
high-carbon  steels  from  the  low-carbon  steels  taken  from 
a  pile  of  mixed  bars,  the  identity  of  which  has  been  lost. 
The  condition  necessary  for  making  determinations  under 
these  circumstances  is  that  the  test  be  made  where  the 
scale  is  as  smooth  as  possible,  or  free  from  blisters  or 
rust.  When  the  steel  is  hardened,  it  also  can  be  tested 
through  the  scale  by  making  allowance  for  a  small  loss 
or  drop  in  the  readings.  Here,  too,  it  is  important  that 
the  scale  be  dry  and  also  free  from  rust.  Two  or  three 
tests  should  be  made  because  of  the  unfavorable  surface 
conditions,  and  the  results  should  be  averaged. 

The  Condition  of  the  Hammer  Diamond 

The  condition  of  the  diamond  in  the  scleroscope  drop- 
hammer  of  both  the  Model-C  vertical-scale  and  the  Model- 
D  dial-recorder  instruments  is  determined  regularly  by 
making  a  few  tests  on  standard  reference  blocks  which 
accompany  each  testing  unit.  If  they  check-up  properly, 
the  diamond  is  considered  to  be  perfect.  If  it  reads  low, 
particularly  on  the  hard  reference-block,  it  is  because 
the  point  either  has  become  roughened  or  has  worn 
more  pointed.  These  diamonds  are  not  polished,  but 
they  are  reasonably  smooth  and  observation  through  a 
magnifying  glass  will  disclose  whether  or  not  their 
failure  to  check  properly  with  the  standard  blocks  is 
due  to  the  condition  of  the  diamond  or  to  some  other 
cause. 

In  this  connection,  many  are  calling  for  special  check- 
ing-blocks having  a  hardness  that  compares  as  nearly  as 
possible  with  that  of  a  particular  run  of  parts  which  are 
made  in  quantity.  This  will  serve  to  reduce  uncertain- 
ties in  inter-practices  to  a  minimum. 

Effect  of  Mass  of  the  Test-Specimen 

Some  users  still  suppose  that,  in  measuring  hardness 
with  the  scleroscope,  the  accuracy  of  the  results  on  small 
test-specimens  depends  directly  upon  the  mass  of  the 
test-specimens  and  that,  as  this  mass  is  increased,  the 
readings  also  become  higher.  To  a  certain  extent,  this 
would  be  true  if  the  specimens  of  metal  to  be  tested 
were  suspended  in  the  air  or  mounted  on  an  anvil  or 
base  of  some  light  yielding  substance  such  as  wood  or 
rubber.  However,  since  it  is  just  as  easy  to  use  the  steel 
anvil  with  which  all  scleroscopes  are  provided,  all  the 
following  tests  to  be  discussed  will  be  considered  to  have 
been  made  on  a  steel  anvil  inserted  in  an  iron  base  heavy 
enough  to  resist  the  shocks  of  the  drop-hammer,  or  the 
equivalent,  the  anvil  on  all  special  holding  devices. 
AVhen  the  test-specimens  are  supported  properly  in  this 
manner,  it  is  found  that  variations  in  their  mass  amount 
to  so  little  that  accurate  measurements  can  be  obtained 
easily  and  uniformly.  In  the  technique  of  mounting  or 
clamping,  particularly  for  complex  specimens,  it  is  none 
the  less  important  to  understand  the  several  basic  inter- 
fering factors  that  may  enter. 

This  subject  already  has  been  treated  in  Chapter  12 
of  an  instruction  booklet  entitled  The  Effect  of  Mass  on 
Rebound,  that  accompanies  each  scleroscope  testing-set; 
therefore,  it  is  thought  that  the  main  interest  at  this  time 
centers  in  charts  that  show  curves  of  the  results.  The 
data  were  obtained  on  under-weight  specimens  of  varied 
sizes  and  shapes  used  in  actual  practice ;  in  the  laboratory 
for  absolute  accuracy,  and  in  the  shop  under  production 
methods  such  that  the  principal  object  sought  is  uni- 
formity and  speed,  but  which  readings  may  depart 
slightly  from  the  laboratory  results  and  for  which  the 
indicated  allowances  would  then  need  to  be  made. 

Results  thus  obtained  from  testing  small  flat  specimens 
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Fig.    ". — Results   of   Hardness    Tests    Made   with    the    Vertical 

Scale  Scleroscope  on  Hardened  Cylindrical  Pieces  of  Different 

Diameters 

that  are  not  especially  prepared  with  reference  to  flat- 
ness and  smoothness  but,  rather,  which  have  eommercially 
ground  surfaces  and  are  clamped  in  the  portable  stand 
of  the  Model-C  scleroscope,  are  shown  in  the  curve  of 
open  dots  in  Fig.  3,  and  for  the  Model-D  recording  sclero- 
scope in  Fig.  4.  The  corrections  on  hardened  samples 
by  having  the  specimens  ground  smoother  so  as  to  lie 
perfectly  flat  and  thus  eliminate  air  space  and  dust, 
when  clamped  in  the  regular  stand,  are  shown  in  the  curve 
that  is  constituted  of  small  crosses.  This  latter  curve  also 
applies  to  the  special  clamping-down  fixtures  in  Figs.  3 
and  4,  and  when  using  the  scleroscope  on  its  clamping 
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Fig-  6 — Results  of  Another  Series  of  Hardness  Tests  Made  with 

the   Recording   Scleroscope  on   Hardened  Cylindrical   Pieces   of 

Different  Diameters 
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stand  or  when  resting  on  a  bench  plate  with  the  instru- 
ment on  its  swing-arm. 

For  small  round  specimens,  the  test  results  obtained 
are  shown  in  Fig.  5  lor  the  Model-C  scleroscope  and  in 
Fig.  6  for  the  Model-D  recording  scleroscope.  It  will 
be  seen  that  by  merely  using  a  V-block  without  making 
special  provisions  for  obtaining  precise  laboratory  re- 
sults, the  size  is  an  interfering  factor;  ta)  because  of 
lack  of  proper  under-support  and  (b)  due  to  the  lack 
of  mass.  The  results  obtained  when  using  the  V-block 
method  of  support,  which  is  used  for  production  pur- 
poses, are  shown  in  the  solid  dot  curves.     The  correct 
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values,  as  obtained  by  clamping  the  specimen  in  a  grooved 

block   in    the   bench    vise,    are   shown    in    curves   of   small 

368.     In  the  curve  that  is  made  up  of  the  small  circles 

the   still    further   corrected    values    obtained    by   making 

ranees  for  the  curvature  of  the  test  surface  are  shown. 

Figs.  7  and  8  shew  the  results  obtained  on  hardened 
balls  for  the  .Model-C  and  Model-D  instrumi 
respectively.  Here  also,  the  solid  dot  curves  stand  for 
values  obtained  in  a  circular  V-block  in  the  clamping 
stand.  As  a  support,  it  is  only  approximately  correct, 
but  it  serves  the  purpose  well   for  rapid  production  pur- 

s,  particularly  in  centralizing  the  ball.  For  pit 
values,  a  recessed  pair  of  blocks  having  a  hardness  of 
about  70  was  used  for  clamping  the  balls  in  a  bench  vise, 
shown  in  the  insert.  The  curve  of  small  crosses  shows 
the  resulting  values;  and  the  curve  of  the  small  circles 
shows  the  increase  due  to  stoning  the  series  of  balls  flat, 
or  the  allowances  regularly  to  be  made  for  the  curvature 
of  test  surfaces. 

Figs.  9  and  10  show  tabulated  test  results  that  were 
obtained  on  case-hardened  and  soft  hollow  piston-pins, 
for  Model-C  and  Model-D  instruments  respectively. 
The  curves  of  the  solid  dots  show  values  obtained  on  hol- 
low piston-pins  in  both  the  soft  and  the  hardened  condition 
when  supported  in  a  V-block,  and  without  using  a  plug 
on  the  inside.  The  thickness  of  the  wall  of  the  series  of 
sizes  given  was  one-sixth  of  the  diameter  of  the  pin.  Other 
pins  were  tried  that  had  a  thickness  of  wall  of  one- 
eighth  and  of  one-tenth  the  diameter  of  the  pin  without 
departing  materially  from  this  curve.  A  more  correct 
curve  indicated  by  small  oblique  crosses  is  shown  also;  it 
was  obtained  by  clamping  the  unplugged  hollow  pin  in  a 
bench  vise  provided  with  a  well  fitting  split-block.  A  still 
ter  method  is  to  plug  the  hollow  pin  and  to  test  either 
on  the  V-block  or  in  the  split-block  in  the  bench  vise,  and 
this  will  give  absolute-standard  laboratory-values.  In 
production  practice,  the  unplugged  hollow  pin  is  tested  in 
the  V-block,  and  the  indicated  allowances  are  made,  in- 
cluding the  drop  in  readings  due  to  curvature  of  the  test 
surface.  In  this  manner  many  thousands  ot  tests  can  be 
made  per  day. 

EXTRKMK    L'NDER-WEIGHTS 

Cnder-weight  samples  such  as  sheets,  thin  flats,  small 
lalls,  rods  or  wire,  that  can  be  made  to  lie  flat  imme- 
diately under  the  drop-hammer  of  the  scleroscope,  will 
show  100-per  cent  normal  results  without  clamping  them 
down.  The  reason  is  that  the  weight  and  impact  of  the 
drop-hammer  serve  to  accomplish  the  clamping  without 
the  use  of  any  other  means.    However,  in  standard  pi  ac 

the  clamping  down  of  all  under-weight  sampl' 
necessary,  regardless  of  the  size  of  the  piece,  to  make 
■  in   that   no  air  space  or  intervention   of  dirt   may 
e  variations  in  the  accuracy  of  the  indications, 
the  mass  of  the  test-specimen   increases,  particu- 
larly   if    it    is   hardened,   and    assuming   that   it    is    //«/ 
clamped    down,    when    struck    by    the   scleroscope    drop- 
hammer  it  will  be  driven  down  to  its  supporting  base  or 
anvil  to  form  a  better  contact,  and  will  have  a  tendency 
to    rebound   of   itself.      This,   theoretically,   should   cause 
rference  with   the   indications  of  the  drop-hammer. 
Thus,  when  the  test-specimen  is  of  such  a  size  as  to  offer 
the  greate  I  interference,  say  in  the  ratio  of  about  8  or 
!t  to   1    of  the  weigh!   of  the  hammer,  it  can  be  said  to 
have  a  relative  critical  weight.     Then,  the  precaution  of 
clamping  is  most  necessary. 

Inert  and  Over- Weight  Masses 

Inert  and  over-weight  masses  can  be  defined  as  speci- 
mens that  are  approximately  in  the  ratio  of  more  than 
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25  to  1  of  the  weight  of  the  drop-hammer.  These  masses 
depend  less  on  the  anvil  for  their  under-support  and  are 
also  too  inert  to  react  or  interfere  with  the  rebound  of 
the  hammer.  Comparatively,  these  specimens  are  easier 
to  mount  for  obtaining  precision  results  and,  if  larger, 
they  usually  are  placed  without  clamping  on  an  iron 
bench-plate  when  tested. 

Effect  of  Hardness  on  Mass 

In  the  smaller  softer  metal  specimens,  the  under-sup- 
port must  be  the  same  as  for  those  of  hardened  steel,  but 
the  downward  pressure  of  the  clamping  means  is  of  less 
importance,  because  of  the  more  complete  absorption  of 
the  shock  of  the  hammer  and  the  decrease  of  the  tendency 
of  the  test-specimen  to  react  against  the  hammer. 

Thickness  of  the  Test-Specimen 

With  the  Model-C  vertical-scale  and  with  the  Model-D 
dial-recorder  scleroscopes,  sheets  of  hardened  steel  and  of 
the  soft  metals  can  be  tested  down  to  paper  thickness  or 
foils. 

In  hardened  steel,  a  single  specimen  that  measures  less 
than  0.005  in.  in  thickness  can  be  tested  accurately.  In 
the  softer  metals,  specimens  that  are  of  extreme  thin- 
ness must  be  piled-up  to  attain  a  thickness  of  1/50  to 
1/32  in.,  according  to  the  increase  of  softness.  These 
tests  must  be  made  in  scleroscope  clamping-stands  for 
flats  and  sheets,  as  indicated  at  the  left  in  Figs.  1  and  2. 
The  mass  contained  in  flat  specimens,  because  of  the  flat 
anvil-support  obtainable  in  the  soft  and  in  the  hard  con- 
dition, has  very  little  influence  on  the  results  under  either 
the  Model-C  or  the  Model-D  scleroscope;  this  is  indi- 
cated in  Figs.  3  and  4.  If  the  anvil  support  is  very  poor, 
due  to  lack  of  flatness  of  the  test-specimen,  the  mass  of 
the  entire  specimen,  if  it  is  of  large  area,  does  not  neces- 
sarily have  an  influence  on  the  results  but,  rather,  it  is 
the  mass  immediately  under  the  drop-hammer,  and  ex- 
tending radially  to  a  diameter  of  between  five  and  six 
times  the  thickness.  The  flat  specimens  used  for  pre- 
paring Figs.  3  and  4  were  circular  in  form,  1%  in.  in 
diameter  and  hardened.  Other  flats  of  the  same  form 
and  series  of  thicknesses  were  tested,  up  to  a  diameter 
of  2x/2  in.,  and  this  resulted  in  a  slightly  greater  correc- 
tion in  the  curve  of  open  dots  in  Fig.  3.  When  there  is 
considerable  lack  of  smoothness  or  flatness  of  plates  or 
flat  specimens  of  hardened  steel  that  have  small  thick- 
ness, and  there  is  doubt  that  the  universal  scleroscope  is 
showing  the  exact  value,  the  samples  can  be  soldered  to 
a  larger  block  of  metal  and  compared  with  the  regular 
readings,  or  they  can  be  screw-clamped  down  with  a 
greater  pressure  in  a  holding  fixture  as  shown  at  the 
right  in  Figs.  3  and  4.  Another  method  that  provides 
similar  corrective  qualities  and  also  is  adapted  to  accom- 
modate tapered  pieces,  is  the  rocker  flat-anvil  illustrated 
in  Fig.  11.  It  is  especially  recommended  for  the  Model-C 
scleroscope. 

Testing  Near  Specimen  Edges 

On  small  parallel  or  flat  specimens,  little  or  no  differ- 
ence is  noted  by  testing  near  the  edges  if  the  specimens 
are  clamped  properly.  On  other  shapes,  such  as  cylin- 
drical specimens,  particularly  when  these  are  hollow  as 
in  the  case  of  piston-pins,  a  certain  amount  of  drop  in 
the  readings  is  noted,  due  to  the  lack  of  mass  and  to 
improper  under-support.  However,  these  errors  can  be 
corrected  readily  on  divers  shaped  pieces  by  the  use  of 
suitable  clamping  devices  as  shown  in  Figs.  3  to  10. 

Effect  of  Curved  Surfaces 

Curved  surfaces  can  be  divided  into  two  classes,  rounds 


llOr 

100 

90 

80 

70 

ui  60 
•ji 

"!  50 
o 

40 
30 
20 
10 


Diameter/in 
^g  \  \    '    fli  I'k  %  | 


Upper  Circle  Hardness  < 

iswhenffa+\ 

1    1   1 

■,'Lcwer,  Circle .  Drop  due  tr>  curved  surface 

■Ur 

1 

\\l\l\ll 

^ 

h  r  f  f  f  * 

* 

( 

*  ft?  plug 

' 

y 

iir^{&" 

i 

JijyP^k 

•: 

nisjn- 

J  V^focA 

,r~ 

yielding  standard  values    f 

Visef 

by  making  allowances 

/ 

\ 

V 

Split  Bloch 
0 

\ 

1 

— 

X 

r  L  jUompFoot 

1    c 

"- 

— j- 

f 
r   -- 

ferrrm" 

/ 

'  lO) ' 

"in 

Laboratory  method  of  testing  hardness- 
ot  tubular pins  yielding  standard  values 

v  5  -  ■ 

1 

Fig. 


9 — Results  of  a  Series   of  Tests  Made  on  Tubular  Piston- 
Pins   with   the   Vertical   Scale   Scleroscope 


or  cylindrical  surfaces  and  spherical  surfaces.  The  effect 
and  allowances  to  be  made  for  the  curvature  of  rounds 
of  hardened  steel  are  illustrated  clearly  in  Figs.  5  and  6. 
The  effect  and  allowances  to  be  made  on  spheres  or  small 
balls  of  hardened  steel  are  illustrated  in  Figs.  7  and  8. 
These  standardized  allowances  naturally  apply  to  speci- 
mens of  other  cross-sections  such  as  hollow  rods,  as  in 
Figs.  9  and  10,  or  to  other  specimens  having  similar 
spherical  surfaces  that  are  to  be  tested.  As  the  hardness 
runs  lower  in  the  scale  on  all  metals,  the  effect  of  the 
curvature  is  proportionately  less.  For  example,  if,  in  a 
hardened  steel  ball  that  is  100  hard  and  13/16  in.  in  diam- 
eter, there  is  a  drop  of  5  deg.,  equal  to  5  per  cent,  in  the 
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10 — Results  of  Another  Series  of  Tests  Made  on  Tubular 
Piston-Pins  with  the  Recording   Scleroscope 
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d.  Of  the  forms  not  referred  to  in  the  illustrations, 
small  reamers  and  drills  can  be  tested  accurately  with  the 
Model-D  Bcleroscope  in  its  regular  clamping-stand.  For 
reamers,  a  V-block  or  a  round-grooved  block  can  be  used; 
but  drills  must  be  placed  on  the  Bal  anvil  to  be  tested  on 
the  side.  It"  drills  are  to  be  tested  in  quantity,  a  suit- 
able guide  can  be  attached  for  holding  each  size  central 
with  the  drop-hammer.  For  testing  reamers  and  drills 
under  the  Model-C  vertical-scale  scleroscope,  a  split- 
block  fixture  in  the  bench  vise  is  used,  as  shown  by  the 
curves  of  small  oblique  crosses  in  Figs.  9  and  10.  Tl 
blocks  are  recommended  also  for  testing  these  tools  under 
the   Model-D  scleroscope. 

Brinell  and  Scleroscope-Hardness  Comparisons 

In  the  course  of  our  experience,  for  a  number  of  \  ears, 
we  have  been  called  upon  many  times  to  provide  the  latest 
data  showing  the  relation  between  the  values  of  the  ball 
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readings,  at  a  reading  of  50  hard,  the  drop  in  the  read- 
ings is  still  5  per  cent  or  21;  deg. 

How  TB8T-SFBCIMENS  Are  Held 

iike  other  machines  for  testing  the  hardness  of 
metals,  the  scleroscope  obtains  its  indenting  force  from 
the  fall  of  its  rebounding  hammer.  Therefore,  the  speci- 
mens can  be  of  unlimited  size  and  the  instrument  does  its 
work  by  merely  setting  it  on  top  of  the  specimens  to  be 
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test  and  those  of  th<  ope.     It   has  always   I 

believed  that  the  Brinell  ball-test  Bhows  values  that  bear 
a  relation  to  the  ultimate  tension  :e  of  a  metal, 

while   ttr  ive    have   always   claimed   and 

which  can  be  demonstrated,  -how-  a  definite  relation  to 
the    elastic  limit    under    both  and    transverse 

stresses. 

Pursuant  to  an  invitation  from  Sir  Robert  Hadfield,  1 
submitted  a  paper  to  the  Iron  and  Steel  Institute,  of 
London.  England,  in  er,    1918,  entitled  Relation 

Between  Ball  Hardness  and  Sell  roscope  Hardness.  This 
treated  the  subject  rather  exhaustively.  This  article 
was  never  published  and  discussed  extensively  in  this 
Country,  and  some  of  its  leading  features  are  repeated. 
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Fig.  14 — How  the  Brinell  Steel  Ball  Becomes  Flattened  When 

Forced  Against  a  Piece  of  Hardened  Steel  under  a  Pressure  op 

3000  Kg.   (6613. ST  Lb.)   and  the  Measured  Depth  of  Penetration 

for  the  Same  Diameter  of  Impression  in  Soft  Steel 

Its  principal  feature  was  the  conversion  chart  shown  in 
Fig.  12,  from  which  it  is  evident  that,  when  a  pressure 
of  500  to  750  kg.  is  used  on  a  10-mm.  ball  in  the  Brinell 
machine,  a  consistent  and  satisfactory  relation  with  the 
scleroscope  values  can  be  obtained.  On  the  other  hand, 
the  full-line  curve  shows  that,  by  the  use  of  a  pressure 
of  3000  kg.,  a  comparatively  irregular  curve  is  obtained, 
and  the  agreement  with  the  scleroscope  values  is  com- 
paratively unsatisfactory.  In  seeking  an  explanation 
for  the  irregularity  of  the  3000-kg.  curve,  it  was  acknowl- 
edged to  be  due  to  three  causes;  (a)  in  the  lower  por- 
tion, to  the  flow  of  the  metal  under  excessive  indenting 
pressure;  (6)  in  the  middle  portion,  to  metal  flow  and 
super-hardening;  and  (c)  in  the  upper  portion,  to  flat- 
tening of  the  steel  ball.  The  effect  of  the  two  respective 
pressures  as  developed  by  Stead's  annealing  treatment, 
which  indicates  the  depth  of  the  strain  on  the  structural 
crystals,  is  shown  in  the  metallographs,  Fig.  14.  The 
flattening  of  the  steel  ball  on  a  test-specimen  98  hard  by 
the  scleroscope  is  shown  in  Fig.  15. 

To  eliminate  the  third  difficulty  (c)  a  superior  dia- 
mond insert  is  used  in  the  universal  scleroscope  drop- 
hammer  which  enables  it  to  overcome  the  resistance  of 
the  hardest  steel  with  complete  success  under  many 
thousands  of  tests.  Hence,  in  order  that  the  Brinell 
values  might  be  compared  with  full  accuracy  on  hard- 
ened steels,  a  ball  fashioned  from  a  similar  diamond  was 
used  on  all  specimens  above  75-hard  by  the  scleroscope. 
In  using  this  diamond  ball,  it  is  not  safe  to  use  a  load 
greater  than  750  kg.  Under  this  pressure  usually  only 
one  to  three  tests  can  be  made;  then  failure  occurs. 
Under  a  load  of  500  kg.  the  diamond  ball  may  make  from 
6  to  12  tests  before  failing. 

Further  reference  to  Fig.  12  will  disclose  a  considerably 
higher  relative  value  in  the  3000-kg.  line  than  in  the 
dotted  750-kg.  line,  particularly  in  the  steel  group  be- 
tween the  annealed  condition  and  that  of  spring  temper. 
Referring  to  Fig.  16,  it  would  appear  that,  since  the 
scleroscope  symbolizes  the  tension  resistance  at  the 
elastic-limit  in  metals  having  some  toughness,  and  the 
ball  test  agrees  very  closely  with  these  values  when  a 
pressure  of  500  to  750  kg.  is  used  on  a  10-mm.  ball,  the 
higher  pressure  curve  that  shows  higher  hardness-num- 
bers demonstrates  that  the  Brinell  test  so  applied  indi- 
cates an  additional  value,  namely,  that  of  the  ultimate 
tensile-strength.  More  recent  researches  indicate,  how- 
ever, that  these  higher  figures  do  not,  necessarily,  rep- 
resent values  beyond  the  elastic-limit  or  that  they  lean 
toward  the  ultimate  tensile-strength.  In  fact,  in  the 
light    of    present    knowledge,     ultimate-tensile-strength 


values  probably  cannot  be  symbolized  as  the  result  of 
one  simple  test  that  is  so  entirely  opposite  in  nature  as 
the  one  for  resistance  to  compression  or  physical  hard- 
ness. 

In  the  group  of  more  ductile  steels,  it  is  well  known 
that  the  ultimate-strength  is  commonly  100  per  cent 
greater  than  the  elastic-limit,  when  they  are  subjected 
to  tensile  strain.  If  we  make  a  ball  hardness-test  in  two 
stages,  such  as  500  kg.  against  3000  kg.  and  then  let  the 
difference  in  the  calculated  values  stand  for  ultimate- 
strength  symbols,  we  find  that  an  increase,  usually,  of 
less  than  25  per  cent  in  the  hardness  readings  is  obtain- 
able under  the  higher  pressure;  whereas,  as  before 
stated,  it  should  be  nearly  100  per  cent. 

Further  investigations  will  show  that  the  significance 
of  the  calculated  hardness-increments  under  the  higher 
pressures  are  almost  entirely  negatived  insofar  as  they 
may  symbolize  ultimate-strength,  for  the  reason  that 
comparatively  brittle  cast-iron  is  even  more  apt  to  show 
these  than  the  ductile  steels.  In  view  of  this  fact,  it  is 
apparent  not  only  that  a  pressure  of  3000  kg.  for  ball 
testing  is  superfluous,  but  that  the  resulting  values  do 
not  really  symbolize  ultimate-strength  and,  in  general, 
are  misleading. 

Therefore,  in  order  that  the  two  recognized  hardness- 
values  may  be  related  to  meet  the  general  demands,  it 
would  seem  that  the  pressure  advisable  is  one  that  does 
not  exceed  1000  kg.  on  a  10-mm.  ball  and  with  a  decre- 
ment in  several  stages,  ending  in  about  25  or  50  kg.  for 
soft  lead.  The  object  of  this  is  to  eliminate  or  reduce 
to  a  minimum  the  flow  in  any  of  the  metals  subjected  to 

Tensile  Strength  Ib.per  sq.in. 
100000    150000    200000    25Q0QO    300.000   350,000 


50,000 


10  20  30  40         50         60  70  80    Hardness 

7000       4-000        6000       8000       10,000     17,000     14000 
Tensile  Sirengrh  in  Bend  Tes+,lb. per  sq.in. 

Fig.  15 — Chart  Showing  the  Relation  between  the  Hardness 
and  the  Tensile-Strength  up  to  the  Elastic-Limit  and  the 
Relative  Strength  and  Hardness  of  Cantilever  Bend-Test 
Specimens  Having  a  Length  of  6  to  1  of  Cross-Section  at  the 
Point  Where  the  Load  Was   Applied 

The    Heat-Treatment    for    the    Various    High-Speed    Steels   Is    Given 
in    the   Following    Table : 


Steel  No. 
1 


Hardening 

Temperature. 

Cooling 

Deg.  Fahr. 

Medium 

Hardness 

2.250 

Kerosene 

99 

Rolling  Heat 

Air 

101 

2.150 

Kerosene 

95(o) 

2,000 

Air 

84(a) 

2.150 

Air 

99 

2.100 

Air 

90 

(o)  These  steels  were  tempered  at  650  deg.  fahr. 
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more  closely  comparable.     In  fact,  the  less  the  metal  is 

damaged,   the  leas   is   the  amount   of  cold-working   ami 

.•-hardening  that  folio  the  resulting  indicated 


values  are  more  faithfully  representative  of  the  true  ami 
original  resistance  to  compression  or  indentation  winch 

really  constitutes  the  true  definition  of  quantitative  hard- 
ness.    Through  the  medium  of  the  scleroscope  test  and 

for  the  entire  range  of  metals,  making  only  a  slight  allow 
ance  for  the  softer  non-ferrous  alloys  in  which  a  certain 
amount  of  injury  occurs  under  the  drop-hammer  of  the 
universal  instrument,  resistance  to  penetration  in  pounds 
or  tons  per  square  inch  up  to  the  elastic-limit  can  he 
symbolized  to  a  degree  of  remarkable  precision.  Like- 
wise, the  incipient  and  marked-failure  point  can  be 
indicated  as  by  allowing  a  predetermined  amount  of  per- 
manent set.  or  penetration. 

These  relative  values  are  shown  in  the  two  compara- 
tive tables  in  Fig.  13.  In  the  preparation  of  these  figuri  - 
a  tlat  punch  under  static  pressure  was  used  on  a  Hat  sur- 
face with  an  allowance  of  enough  margin  in  the  speci- 
men to  avoid  lateral  expansion  or  possible  rupture.  The 
reason  is  that  the  compressive  resistance  per  unit  of 
area  on  such  a  surface  is  somewhat  greater  than  it  is 
on  a  column  of  the  same  area  as  the  punch,  due  to  shear 
resistance  of  the  surrounding  uncompressed  areas.  The 
guiding  influence  for  the  designer  and  the  general  ser- 
viceability of  a  properly  standardized  hardness-test  are 
demonstrated  by  the  rapid  failure  of  the  samples  as  a 
result  of  the  addition  of  but  slightly  more  load  than  thai 
called  for  in  the  immunity,  or  elastic-limit  column,  of 
Fig.  13.  These  values,  in  tons  per  square  inch,  are  45 
per  cent  of  those  given  in  the  marked-failure-point 
column.  If.  instead  of  this  45  per  cent,  50  per  cent  of 
the  loads  indicated  in  the  marked-failure  column  is  ap- 
plied, immunity  ceases  and  an  injury,  detectable  under  a 
microscope,  occurs  in  the  entire  range  of  metals.  The 
amount  of  set  or  depression  allowed  in  the  marked-fail- 
ure-point column  varies  according  to  the  hardness.  In 
steel  that  is  100-hard,  it  is  about  0.0005  in.  In  steel  that 
is  50-hard,  it  is  from  0.0010  to  0.0015  in.  The  depth 
increases  down  to  the  softesl  metals,  in  which  it  is  about 
0.0150  in.  Although  the  hardness  test  is  one  that  neces- 
sarily is  applied  to  a  surface  larger  than  the  area  under 
stress,  the  shear  resistance  being  added,  a  notable  in- 
stance in  which  the  hardness  tost  symbolized  the  col- 
umnar resistance  only  is  found  in  the  universal  use 
during  the  world  war  of  the  scleroscope,  in  this  Country 
and  abroad,  on  steel  shells,  to  determine  their  resistance 
to  buckling  on  account  of  the  concussion  of  the  firing 
charge. 


THE  UNPARALLELED  VOLUME  OF  FREIGHT  TRAFFIC 


UPON  what  a  vast  scale  production  of  all  kinds  has  been 
proceeding  in  the  United  States  since  the  beginning  of 
ited  by  the  fact  that,  according  to  n •; 
filed  by  the   railroads   of  the   country   with   the   car   service 
'.   the  American   Railway  Association,  no  less  than 
33.1G1.743    freight    cars    were    loaded    with    revenue    freight 
5  weeks  of  the  year.     This  was  not  only 
the   .  jmber  of  cars   loaded   with   revenue   freight  in 

iing  period  in  the  history  of  the  railroads,  but 
was  an  ir  ;  I  cars,  or  20  per  cent,  over  the 

the  same  weeks  in  1922.     Of  the  total  number 


for  the  period  this  year  19,421,008  cars  were  loaded  with  mer- 
chandise and  miscellaneous  freight,  an  increase  of  1,847,808 
cars,  or  nearly  11  per  cent,  compared  with  the  first  8  months 
in   1922. 

Loadings    of   grain    and    grain    products    in    the   8-month>' 
period  this  year  totaled  1,454,744  cars,  a  decrease  of  l'J 
cars,  or  nearly  8   per  cent,  from   the   loadings   of  the 
months  last  year.   Live  stock  loadings,  however,  totaled  1,119,- 

■ars,  which  was  an   increase  of  120,975  cars,  oi    12 
rent  over  the  figure  for  the  corresponding  period  1  year  ago. — 

omit  World. 
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Criticism  of  all  tentative  reports 
should  be  sent  to  the  Standards 
Committee  in  care  of  the  Society 


BOAT   STANDARDS   NEEDED 


Motorboat    Division    Initiates    Comprehensive   Program 
of   Standardization 

The  Motorboat  Division  held  its  initial  meeting  of  the 
year  on  Sept.  27  and,  in  accordance  with  the  consensus  of 
opinion  that  a  real  need  of  standardization  in  the  motor- 
boat  industry  existed  and  that  a  determined  effort  should 
be  made  toward  developing  standards,  it  was  decided  that 
monthly  meetings  should  be  held  until  the  work  shall  be 
well  under  way.  A  second  meeting  was  therefore  held  on 
Oct.  25.  Both  of  the  meetings  were  at  New  York  City  as 
this  is  the  most  centrally  located  city  for  the  Division  mem- 
bers. 

At  the  September  meeting  Charles  M.  Manly,  vice-chair- 
man of  the  Standards  Committee  of  the  Society,  acted  as 
chairman.  It  was  decided  that  engine  standardization 
should  be  considered  by  the  Engine  Division  of  the  Standards 
Committee  with  the  exception  of  such  matters  as  are  peculiar 
to  motorboat  applications.  To  determine  upon  a  feasible 
as  well  as  a  logical  program,  the  Division  devoted  both  meet- 
ings to  a  general  discussion  of  possible  subjects,  dividing 
them  into  the  following  general  classifications: 

General 

Hull 

Joiner  Work 

Fittings,  Hull  and  Deck 

Rudder  and  Steering-Gear 

Engine,  Installation  and  Equipment 

Lighting 

Ventilation 

Heating 

Plumbing 

Bilge  Drainage 

Equipment,  Communication  and  Rigging 
It  was  recognized  that  it  would  be  better  for  the  Division 
to  select  only  the  most  important  subjects  that  could  be  put 
into'  practice  without  too  much  resistance,  leaving  the  more 
difficult  subjects  until  the  standardization  work  shall  be  well 
under  way. 

The  Standards  Department,  to  make  the  work  of  the  Divi- 
sion as  effective  as  possible,  was  instructed  to  keep  all 
motorboat  builders  in  close  touch  with  the  work  of  the  Divi- 
sion. 


BALLOON  TIRES  DISCUSSED 

Balloon  tire  development  was  discussed  at  the  September 
meeting  of  the  Tire  and  Rim  Division  with  special  reference 
to  the  desirability  of  having  the  automobile  builders  partici- 
pate in  establishing  definite  standards.  The  Division  went 
on  record  as  being  in  favor  of  establishing  suitable  standards 
for  balloon  tires  and  rims  at  an  early  date  to  avoid  the 
variety  of  sizes  that  would  otherwise  be  developed  by  the 
different  tire  and  automobile  companies  working  indepen- 
dently. 

It  was  proposed  that  arrangements  should  be  made  look- 
ing toward  the  holding  of  a  general  conference,  at  which 
representatives  of  the  Rubber  Association  of  America,  the 
Tire   and   Rim   Association   of   America,  the   Tire   and    Rim 


Division  of  the  Society's  Standards  Committee  and  the  Na- 
tional Automobile  Chamber  of  Commerce  should  discuss 
standardization  possibilities  comprehensively. 


"COACH"  APPROVED  AS  BODY  TYPE 


Passenger-Car    Body    Division    Recommends    Inclusion 
in  Standard  Body  Nomenclature 

At  the  meeting  of  the  Passenger-Car  Body  Division  in 
September,  it  was  proposed  to  extend  the  present  standard 
nomenclature  for  passenger-car  body  types  to  include  the 
"coach"  type  of  body.  Although  the  desirability  of  recom- 
mending the  use  of  this  name,  which  has  been  popularized 
during  recent  years  was  discussed  at  some  length,  it  was 
found  impossible  to  suggest  a  better  name  that  would  be 
descriptive  of  the  type  of  body  in  mind.  The  accompany- 
ing definition  and  illustration  were  approved  by  the  Division 
for  publication  in  the  S.  A.  E.  Handbook  under  Automobile 
Nomenclature,  Division  XVIII,  Types  of  Body,  provided 
such  action  shall  be  approved  by  the  Society  in  accordance 
with  its  usual  standardization  procedure. 


Coach. — An  enclosed  single-compartment  body,  similar 
in  general  appearance  to  the  sedan,  with  two  close- 
coupled  cross-seats  for  four  passengers.  There  is  a 
luggage  compartment  or  space  for  a  trunk  at  the  back 
of  the  body.  There  is  no  glass  in  the  rear  quarters. 
The  conventional  type  has  two  doors  only,  the  forward 
seats  being  divided  and  the  right-hand  seat  tipping 
forward  to  give  access  to  the  rear  cross-seat.  Some 
models  have  two  doors  on  the  right-hand  side,  there 
being  two  fixed  cross-seats. 


TESTING    HEAD-LAMP    VOLTAGE 


Special   Committee  Appointed   to  Determine   Uniform 
Method 

A  special  Subdivision  was  appointed  by  Chairman  McKay 
at  the  September  meeting  of  the  Lighting  Division  to  formu- 
late a  uniform  method  of  testing  head-lamp  voltage  as  well 
as  to  cooperate  in  securing  data  on  existing  practice.  J.  H. 
Hunt,  of  the  General  Motors  Research  Corporation,  was 
appointed  chairman,  the  other  members  being  C.  A.  Ather- 
ton,  A.  L.  Lewellen,  P.  R.  Moffett,  O.  W.  A.  Oetting,  L.  C. 
Porter  and  Herman  Schwarze. 

The  appointment  of  the  committee  was  the  result  of  the 
attention  that  the  Lighting  Division  members  have  given  to 
the  high-voltage  conditions  that  obtain  in  the  lighting  cir- 
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ji,..  .    Bodj   Division  Considers   1-  Satisfactory 

for  Genera]   Application 

S.  A.  E.  Non-Ferrons  Metals  S] 

ations  for  aluminum  sheet  and  strip, 

th   chemical   and   physical   properties,   no 

een   made   hitherto   to   standardize   on    a    lim- 

reciating  that  the  body  industry  would  gain   through 
ation  of  many  odd  sizes  of  sheet,  the  Passenger- 
:sion  at  its  September  meeting  decided  to  rec- 
nd'the   adoption   of    12   sheet   sizes   for   general   body 
applications.     The  sizes  proposed  are  given   in  the  accom- 
panying table. 

ALUMINUM   SHEET  SIZES   PROPOSED  AS  STANDARD 

No.  16  Gage 
:n.  24x72  in. 

30x96  in.  30x96  in. 

■  _.  in.  ^XJ:5  m- 

36x144  in.  36  x  144  in. 

48x144  in.  48x144  in. 

60x120  in.  

60x144  in.  

ree„mmendation  does  not  include  any_ J***™;  15 
»,«>  WAuse  the  demand  for  sheets  of  this  thickness  is 
nofuSTr^tivdy  ^  is  recognized  that  the  list  of  sizes 
JropSd   does   not  cover   general   practice  entire  y    but  the 

mmended  are  considered  adequate  for  future  pro- 

'w.sneatpreci.ted  that  the  large  producers  of  automo- 
.  will  not  use  always  the  sizes  recommended,  owing 
,;,cial  size  is  often  warranted  .JP-rcha-ed 
quantities.  But    it   is   considered   that   the    smaller 
Jeers  could  adhere  to  the   proposed  ^ardven 
advantageously.      1  mmended    that   the   fol- 

ng  footnotes  be  included  as  part  of  its  recommendation. 
Uuminum  she-  U  gage  may  be  obtained  in 

Sheet  of  No.   16  Rage  can  be 
:   in   temper  No.  6  only. 
..mmerciar   or    "bright   finish"    product   is    finish- 
ed in  polishing  rolls. 

•  finished  in  finishing  rolls  and  is  not 

-.mended  for  stamping. 

reposed    by    the    Division    are    now   carried 

the  manufacturers,  the  recommendation   of  the 

in  making  it  necessary  to  carry  addi- 

stock  while  the  standard  sizes  are  being  put 


SCREW-THREADS    REPORT    APPROVED 

\,i    ,,,,    Sectional    Committee    Report    <>n 

it   ,i    \nnii.il  Meeting 

Og  fJf  th-  .'.vision   in  Septem- 

hat   the   report    of    the    Sectional 
■  .  '  nification  of  Screw- 
l  be  approved  by  the  E  a  joint  spon- 

sor. 


The  Sectional  Committee  on  the  Standardization  and 
Unification    of    Screw-Threads    was    organized    under    the 

•  s   of   the    American    Engineering   Standards    Com- 
mittee to   review  the  report    of   the   National   Screw  Thread 
m  which  the  American  of  Mechanical 

Engineers  and  the  Society  of  Automotive  Engineers  are  the 

.ivilian  participating  organizations,  with  a  vie 
tablishing  a   definite   report    which   could   be  adopted   as   an 
American  Standard.     In  accordance  with  the  rules  and  regu- 
lations of  the  American   Engineering  Standards  Commit 
the  report  of  the  Sectional  Committee  must  be  approved   by 
sponsor  organi  American  Society  of  Mechan- 

ical   Engineers    and    the    Society    of    Automotive    Engini 

it  can  be  acted  upon  by  the  Main  Committee  of  the 
American  Engineering  Standards  Committee.  The  Amer- 
ican Society  of  Mechanical  Engineers  has  already  approved 
the  report  of  the  Sectional  Committee  and,  as  a  result  of 
action  of  tbe  Screw-Threads  Division,  the  matter  of  ap- 
proval by  the  Society  of  Automotive  Engineers  will  be 
_:ht  up  for  action  at  the  Annual  Meeting  of  the  Society. 

Inasmuch  as  the  report  of  the  Sectional  Committee  Co 
classes  and  fits  that  are  not  used  in  the  automotive  industry, 
such  as  the  loose-fit  class  for  screws  with  the  neutral  zone 
definitely  placed,  the  Screw-Threads  Division  will  recommend 
at  the  Standards  Committee  meeting  certain  parts  of  the 
Sectional  Committee  Report  for  adoption  as  S.  A.  E.  Stand- 
ard. The  Society  members  will  therefore  have  available  in 
the  S.  A.  E.  Handbook  all  screw-thread  data  applicable  to 
automotive  engineering. 

It  is  recognized  that  the  Sectional  Committee  Report  does 
not  cover  all  possible  screw-thread  applications,  but  is  in- 
tended primarily  for  fastening  units  such  as  screws,  bolts, 
studs  and  nuts.  The  Screw-Threads  Division  is  therefore 
working  concurrently  with  the  National  Screw  Threads  Com- 
mission in  developing  a  recommendation  for  tolerances  for 
lengths  of  engagement  up  to  3  in. 


REVISED  ALUMINUM  STANDARD  PROPOSED 

Ncii-Fcrroiis     M.ials     Division    Proposes    Revision    of 
S.A.K.  Specification  N<>.  78 

The  Non-Ferrous  Metals  Division  is  considering  a  revision 
of  the  present  specification  for  aluminum  sheet  and  strip 
printed  on  p.  D121  of  the  S.  A.  E.  HANDBOOK,  as  proposed  by 
Chairman  Jeffries.  The  principal  change  suggested  is  the 
specifying  of  four  instead  of  three  tempers.  The  present 
specification  revised  as  proposed  follow: 

Specification  No.  78  Aluminum  Sheet  and  Strip 

Co,,  ntage.— Aluminum,  min.,  99.00. 

Phi/sir, ,l  Properties. — Aluminum  sheet  or  strip  is  fur- 
nished in  several  tempers  or  degrees  of  hardness. 
These  tempers  or  degrees  of  hardness  are  indicated  by 
the  reduction  in  thickness  produced  by  cold-rolling 
after  annealing  and  are  expressed  in  terms  of  the 
number  of  American-wire-gage  sizes  included  bel 
the  original  and  final  thicknesses.  Thus,  "Temp" 
4"  indicates   that  the  thickness  of  the  sheet  or  strip 

•  r   annealing   was    4    gage-numbers   more    in   thick- 
ness, having  been  reduced  to  size  by  cold-rolling.   "Tem- 

\-,,.  0"  indicates  that  the  sheet  or  strip  is  in  the 
annealed  state.  "Hard  temper"  indicates  that  the 
et  or  strip  has  been  reduced  in  thickness  after  an- 
nealing by  12  or  more  gage-numbers.  The  mechanical 
properties  of  aluminum  sheet  or  strip  of  tempers  Nos. 
0,  4  and  6  and  hard  temper  are  given  in  the  accom- 
panying table. 

The  tensile  test-specimen  shall  be  cut  from  the  sheet 
or  -trip  parallel  to  the  direction  of  rolling.     The  bend 

•  specimen  may  be  cut  without  regard  to  the  direc- 
of  rolling.     Sheet  or  strip  of  tempers  Nos.  0  and  4 

shall   withstand  being  bent-cold   flat  upon   itself,  with- 
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out  cracking.  Although  tensile  tests  of  sheet  or  strip 
of  temper  No.  6  indicate  an  elongation  only  slightly 
greater  than  that  of  the  hard  temper  sheet,  it  is  con- 
siderably more  ductile,  as  is  evidenced  by  the  fact 
that  it  will  withstand  cold-bending  through  an  angle 
of  180  deg.  around  a  diameter  equal  to  twice  the  thick- 
ness of  the  sheet,  without  cracking.  Hard  aluminum 
sheet  or  strip  will  not  endure  any  considerable  amount 
of  bending  without  cracking,  especially  in  the  thicker 
gages. 


PHYSICAL   PROPERTIES   OF  ALUMINUM   SHEET  AND 

STRIP 

Thickness 

Minimum 

Tensile- 

mum- 

Temper 

A.w.g. 

I 

n. 

Strength  , 
Lb.  per 
Sq.  In. 

Elonga- 

2  In., 

From 

To.  Incl. 

From 

To,  Incl. 

Per  Ce.lt 

0 

2 

9 

0.25S 

0.114 

12,000 

30 

(Soft) 

9 

16 

0.114 

0.051 

12.0(10 

30 

16 

20 

0.051 

0.032 

12,000 

25 

20 

24 

0.032 

n  n"(i 

12,000 

20 

24 

28 

0.020 

0.013 

12,000 

15 

6 

9 

ii    |i,-' 

0.114 

16,000 

7 

4 

9 

16 

0    114 

0.051 

16,000 

7 

16 

20 

0.051 

ll  H32 

16,000 

5 

20 

24 

0.032 

n  ii.'il 

16,000 

4 

24 

28 

0.020 

0.013 

16.000 

3 

10 

16 

0.102 

0  051 

18,000 

5 

6 

16 

20 

0.051 

0.032 

18,000 

3 

20 

24 

0.032 

0.020 

is.  Ill  III 

2 

24 

28 

0.020 

0.013 

18,000 

o 

10 

16 

ll   in.' 

0.051 

22.000 

4 

Hard 

16 

20 

0.051 

0.032 

24 .  1100 

3 

20 

24 

0.032 

0.020 

26,000 

2 

24 

28 

0.020 

0.013 

30,1  n  ii  i 

1 

PERMISSIBLE   TOLERANCES 


Thickness 

A.v 

••g- 

I 

n. 

Tolerance, 
Plus  or 

From 

To,  Incl. 

From 

To,  Incl. 

2 

4 

9 

13 

21 

24 

4 
9 
13 
21 
24 
28 

0.258 
0.204 
0.114 
0.072 
0.029 
0.020 

0.204 
0.114 
0.072 
II   H2' I 
0.020 
0.013 

0.010) 
0.0063 
0.0033 
0.0025 
0.0020 
0.0015 

General  Information — The  specific  gravity  of  alumi- 
num sheet  and  strip  is  about  2.70.  Young's  modulus 
of  elasticity  is  about  10,000,000  lb.  per  sq.  in.  Alumi- 
num sheet  or  strip  is  used  for  many  purposes  where 
the  requirements  either  as  to  service  or  as  to  the  form- 
ing operations  are  too  specific  to  be  covered  in  any 
general  specification.  It  is  usually  advisable  there- 
fore to  submit  samples  or  drawings  to  the  manufac- 
turer to  assist  in  the  selection  of  the  proper  temper 
for  the  service  or  forming  operations. 

Aluminum  sheet  or  strip  is  used  for  automobile  bodies, 
hoods  (special  flat  sheet),  fenders,  housings,  floor  cov- 
erings, molding,  instrument  parts,  instrument-boards, 
hub-caps,  wire-wheel  discs,  brake-drum  covers,  miscel- 
laneous pressings,  and  for  many  parts  used  in  air- 
craft construction 


BRAKE-LINING    TESTS    DISCUSSED 


Improved   Machines   Developed  by   Brake-Lining  Sub- 
division Members 

At  the  meeting  of  the  Brake-Lining  Subdivision  held  in 
New  York  City  on  Oct.  9,  the  recent  work  of  the  Division 
members  in  determining  suitable  tests  for  brake-lining  was 
discussed  in  detail.  Clarence  Carson,  chairman  of  the  Sub- 
division, submitted  blueprints  of  a  machine  that  he  had 
designed  recently  as  a  result  of  his  experience  with  a  brake- 


Members   of  the  Brake-Lining   Subdivision   Who   Attended   the 
Meeting  Held  at  New  York  City  on  Oct.  9 

lining  testing-machine  similar  to  the  one  developed  by  S. 
von  Amnion  at  the  Bureau  of  Standards,  which  was  described 
in  detail  in  the  paper  presented  by  the  latter,  entitled  De- 
veloping a  Method  for  Testing  Brake-Linings,  at  the  1922 
Annual  Meeting  of  the  Society. 

Mr.  von  Ammon  described  another  testing-machine  that 
had  been  developed  at  the  Bureau  of  Standards  as  a  result  of 
experience  with  the  original  machine  developed  there.  Al- 
though these  new  testing  machines  differ  somewhat  as  to 
principles  of  construction,  it  is  felt  that  the  results  obtained 
from  them  would  be  of  considerable  value. 

Articles  describing  the  new  testing  machines  will  be  in- 
cluded in  early  issues  of  The  Journal. 

Those  present  at  the  meeting  were  Clarence  Carson  of 
Dodge  Bros.,  S.  von  Ammon  of  the  Bureau  of  Standards, 
H.  R.  Cobleigh  of  the  National  Automobile  Chamber  of 
Commerce,  J.  Driscoll  of  H.  W.  Johns-Manville  Co.,  C.  E. 
Harwood  of  the  Russell  Mfg.  Co.,  W.  S.  James  of  the  Bu- 
reau of  Standards,  W.  H.  Morris  of  the  Keasbey  &  Mattison 
Co.,  C.  F.  Ogren  and  W.  D.  Pardoe  of  the  Thermoid  Rubber 
Co.,  R.  H.  Soulis  of  the  Multibestos  Co.,  H.  R.  Wolf  of  the 
General  Motors  Research  Corporation  and  Standards  Man- 
ager R.  S.  Burnett. 


REVISED    TIRE-STANDARDS    PROPOSED 


Tire  and  Rim  Division  Cooperating  with  Tire  and  Rim 
Association  of  America 

On  Sept.  27  the  members  of  the  Tire  and  Rim  Division 
held  a  meeting  in  Cleveland  at  which  the  existing  S.  A.  E. 
Standards  and  Recommended  Practices  for  tires  and  rims 
were  reviewed  and  definite  revisions  suggested.  All  the 
members  of  the  Division,  which  consists  of  J.  G.  Vincent, 
chairman;  B.  B.  Bachman,  A.  J.  Scaife  and  H.  M.  Crane, 
were  present  with  the  exception  of  Mr.  Crane.  Alex  Taub 
of  the  General  Motors  Corporation,  G.  L.  Lavery  of  the  Tire 
and  Rim  Association  of  America,  C.  B.  Whittelsey,  chairman 
of  the  Tire  and  Rim  Division  for  several  years,  General  Man- 
ager Clarkson  and  Standards  Manager  Burnett  were  also 
present.  The  Division,  which  is  working  closely  with  the 
Tire  and  Rim  Association  of  America  and  the  Rubber  Asso- 
ciation of  America,  will  submit  definite  recommendations 
covering  the  proposed  revisions  at  the  Annual  Meeting  of 
the  Standards  Committee.  As  the  tire  and  rim  standards 
in  Section  G  of  the  S.  A.  E.  Handbook  have  not  been  revised 
for  several  years,  the  action  taken,  which  is  outlined  herein- 
after, will  be  of  special  interest. 

Pneumatic  Tires  and  Rims 

With  the  addition  of  the  31  x  4-in.  regular  tire  and  rim 
size,  the  proposal  of  the  1922  Tire  and  Rim  Division  was 
considered  to  provide  a  suitable  range  for  practically  all 
passenger-car  requirements.  A  recommendation  was  there- 
fore made  that  the  present  S.  A.  E.  Standard  for  Pneumatic 
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Tn» 

ibaI  Rim 

Nominal  TirM 

Type 

Regular 

Ovrrxii* 

Plapi 

30x34 

C 

BE 

S8 

BS 

-- 

3Ux3.4 
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M-.-ior 

34x5 

36x8 

SB 
98 

SS 

36x6 
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Pneumatic-Tire  Kim  sections 

that  the  detailed  rim  dimensions  are  not 

of  special  interest  to  the  Society  members,  it  was  proposed 

;  resent  S.    \.   K    Standard   for  Pneumatic  Tire  and 

Rim  Sections,  p.  G2  of  the   S.  A.    K.    H  -hould   be 

sed  in  accordance  with  the  pi  f  the  Tire 

and   Rim  Association  and  reprinted  as  general   information 

Pneumatic-Tire  Felloe-Bani>s 

is  considered  that  the  scope  of  the  Tire  and  Rim 
-ion   should  include  only  tire   and  rim  matters,   it  was 

proposed  that  the  S.  A.  E.  Standard  for  Pneumatic-Tire 
e-Bands,  p.  G4,  should  be  withdrawn  and  further  action 

in  the  connection  referred  to  the  Axle  and  Wheels  Division. 

Kim  Clamp-Bolts 

Doted  that  the  numbers  of  bolts  specified   for   the 
m  were  not  in   accord  with  present  prac- 
•r  of  the  action  taken  on  pneumatic-tire  felloe- 
bands  the  matter  of  revising  this  standard  was  also  ref' 
to  the  Axle  and  Wheels  Division. 

Solid  Tikes 

that  the   present  S.  A.   E.   Standard   for 
Solid    .  I,  should  be  brought  into  conformity  with 

the  solid-tire  standard  of  the  Rubber  Association  of  America. 

nvTntE  I  MDa 

n  in  reference  to  the  S.  A.  E.  Standard  for 
11,  was  taken. 

■  M>      [NFLATION-PRESS  i  RES      OP 

Pnei  matic  Tin: 

indard   for  Carrying  Capacities  and 
Pre  <urea  of  Pneumatic  Tires,  p.  primarily 

-   -    ntended  1 


ulate  operating  conditions,  it  was  proposed  that  the  present 
standard  should  be  withdrawn  and  the  table  of  can 
capacities  and  inflation -pressim -s  adopted  by  the  Tire  and 
K:m  Association  published  as  general  information  only  in 
ion  G  of  the  S.  A.  E.  HANDBOOK  as  the  standard  of  that 
Mciation. 

Deflection  and  Set  Tesi   fob  Pneumatic-Tire  Kims 

As  the  S.  A.  E.  Standard   for   Deflection  and  Set   Test  for 

Pneumatic- Tire  Kims.  p.  (it'.,  is  intended   for  u*e  only  by  the 

rim     manufacturers,     the     Division     recommended     that  the 
standard  should  be  withdrawn. 

Felloe  Banks 

In   accordance   with   the   action   limiting  the   scope   of   the 
Division's   work   to  tire  and    rim    matters,    work   relating  to 
modification   of  the   present   S.   A.    K.    Standard    for    I 
Bands,   p.  C7,  was  referred  to   the  Axle  and   Wheels    Divi- 
sion, 

Wood  Felloes  for  Pneumatic-Tire  Rims 

The  subject  of  revising  the  present  S.  A.  E.  Standard  for 
I   Felloes  for  Pneumatic- fie  Kims,  p.  G8.  was  also  re- 
ferred to  the  Axle  and  Wheels   Division.     It  was  noted   that 
a  similar  specification  for  steel  felloes  would  be  of  value  to 
the  industry. 

Motorcycle  CC  Rims 

In  conformity  with  the  action  taken  on  pneumatic-tire  rim 
sections,  it  was  proposed  that  the  present  S.  A.  E.  Recom- 
mended Practice  for  Motor  Rims,  p.  G9,  should  be 
revised  to  harmonize  with  the  specifications  of  the  Tire  and 
Rim  Association  of  America,  and  reprinted  in  Section  G  as 
general  information  only,  with  reference  to  the  recommenda- 
tions of  the  Tire  and  Rim  Association  of  Amei 

.Motorcycle  Tires 

The  Division  recommended  that  the  present  S.  A.  E.  I 
ommended  Practice  for  Motorcycle  Tires,  p.  Gt),  be  brought 
into  agreement  with  the  corresponding  standard  of  the  Tire 
and  Rim  Association  of  America  and  proposed  for  adoption 
as  S.  A.  E.  Standard,  if  this  shall  be  satisfactory  to  the 
motorcycle  manufactun 

Solid-Tire  Felloe-Bands 

The  matter  of  further  consideration  of  the  standard  for 
Solid-Tire  1  ■'<  iloe-Bands,  p.  G12,  was  referred  to  the  Axle 
and  WheeD  Division. 

SOLID-TIRE    Dl  •■1"I   MABLE    RlMS 

As  the  present  S.  A.  E.  Recommended  Practice  for  Solid- 
Tire   Demountable   Rims,  p.  G14,  is  obsolete,  it  having  been 
continued  in  recent  year-  owing  to  the  fact  that  some  sp' 
equipment  was   still   made  in  accordance   with   this  standard, 
d   that   it  should  be  withdrawn. 

Indlstrial-Truck  Tires 

No   new   action    was  taken  on   the  S.  A.   E.    Standard 
i  rial-Truck    Tires,    p.    G16.      It    was   suggested    that    a 
ence  be  held  with  the   Rul>>  on   of  America 

the  commercial  status  of  this  standard. 


GERMAN   HANK  FUNDS 


T.  including 
.    8,000,- 
impared    with    8,500,000,000    gold 
000  gold  marks 
of  (^  1913.    The   decline   in   deposits  of 

.1    marks  corr.  .  •  neral 

polic;-  '-ss  men  to  keep  with   banks  only  in 

abso.  iquid  funds   in   paper  marks   and 


to  convert  the  rest  into  I  tate  or  other 

not  affected  by  the  depreciation 
of  the  mark.  The  increase  in  deposits  with  banks  ab> 
coupled  with  the  decline  in  paper  mark  holdings,  clearly  Indi- 
cates the  general  policy  of  banks  and  commercial  houses  to 
emancipate  themselves  from  the  paper  mark  and  to  convert 
their  assets  into  values  not  subject  to  depreciation.— 
/.-  cmomic  World. 
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MEETINGS  OF  THE  SOCIETY 


BRAKE    DESIGN   AND    CONSTRUCTION 


H.  31.  Crane 


H.    M.     Crane    Presents    Fundamental    Principles     at 
Metropolitan   Section  Session 

A  bumper  meeting  of 
the  Metropolitan  Section 
was  held  on  Oct.  18,  well 
over  200  persons  being 
present.  Henry  M.  Crane, 
in  a  paper  that  is  printed 
elsewhere  in  this  issue  of 
The  Journal,  presented 
facts  that  he  considered 
of  importance  in  connec- 
tion with  brake  design, 
his  observations  being  the 
result  of  nearly  a  score 
of  years  of  experience. 
He  presented  a  curve 
showing  that  the  braking 
effect  of  the  engine  is 
greater  when  the  throttle 
is  closed.  The  condition 
he  referred  to  was  one  in 
which  the  throttle  was 
really  closed,  and  in  which 

the  switching-off  of  the  ignition  would  not  increase  the  brak- 
ing effect. 

Mr.  Crane  stated  as  the  crux  of  the  whole  brake  question 
the  securing  of  the  result  desired  most  directly  and  with 
the  least  mechanism.  He  exhibited  drawings  that  showed 
the  principles  of  practice  he  described.  He  also  showed  a 
fabric  type  of  band  that  was  glazed  rather  than  worn  after 
60,000  miles  of  service  in  a  transmission  brake  of  a  passen- 
ger-car that  was  not  run  at  high  speed  and  with  which  the 
engine  was  used  in  high-gear  as  a  brake.  The  brake  was 
oiled  from  time  to  time,  this  making  its  action  smoother  and 
keeping  the  binder  of  the  fabric  in  good  condition.  Mr. 
Crane  stated  that  this  band  was  probably  good  for  50,000 
miles  of  additional  service. 

In  the  discussion,  A.  L.  Clayden  said  that  in  the  case  of 
brakes,  as  of  most  other  components  of  cars,  the  principal 
thing  is  the  merit  of  the  design  and  the  construction.  A 
simple  design  gives  the  best  results.  The  tendency  has  been 
toward  a  complicated  structure.  He  expressed  the  opinion 
that  no  one  place  on  a  car  is  better  than  another  from  which 
to  retard  the  motion  of  the  car.  The  principal  difference  in 
the  condition  with  four-wheel  brakes  is  that  thei'e  is  more 
braking  area. 

Chairman  Cornelius  T.  Myers  expressed  the  view  that 
brakes  have  been  a  weak  element  and  that  the  agitation  in 
connection  with  four-wheel  brakes  will  result  in  the  im- 
provement of  brakes  in  general. 

R.  E.  Fielder  said  that  in  motorbus  operation  the  braking 
area  is  an  important  element  and  that  four-wheel  brakes 
are  necessary.  R.  W.  A.  Brewer  was  of  the  opinion  that  the 
difficulty  is  to  get  a  braking  surface  that  can  be  relied  on, 


the  ordinary  type  of  braking  fabric  varying  greatly  in  its 
effectiveness  from  time  to  time. 

C.  J.  Everett  felt  that  brake  designers  pay  too  little  atten- 
tion to  kinematics,  and  that  as  a  consequence  in  some  con- 
structions the  brakes  become  set  when  driving  uphill  and 
released  when  descending  a  grade.  R.  M.  Werner  referred 
to  his  experience  in  encountering  this  same  condition.  Harold 
Nutt  advocated  strongly  the  use  of  four-wheel  brakes  for 
reducing  the  number  of  fatal  accidents  in  city  driving. 
Charles  M.  Manly  said  that  the  most  important  point  to 
consider  in  connection  with  the  desirability  of  installing 
four-wheel  brakes  is  how  the  energy  of  the  moving  car  can 
be  absorbed  most  effectively  on  slippery  streets;  and  that 
the  determination  of  this  matter  is  largely  the  criterion 
as  to  the  necessity  for  four-wheel  brakes.  The  rear-wheel 
brakes  are  adequate  if  they  will  meet  the  conditions  out- 
lined. President  Erskine,  of  the  Studebaker  Corporation, 
sent  a  communication  calling  attention  to  the  statement 
of  disadvantages  of  four-wheel  brakes  as  set  forth  in  the 
advertising  of  that  company. 

In  replying  to  discussion  and  questions,  Mr.  Crane  said 
that  there  is  no  doubt  of  the  necessity  of  brakes  being  easily 
adjustable  and  that  it  is  possible  to  accomplish  this,  as  well 
as  good  accessibility,  in  a  simple  design;  that  in  braking 
with  the  engine  backfiring  in  the  muffler  can  be  avoided  if 
the  carbureter  adjustment  is  correct;  and  that  the  selection 
of  the  best  material  for  band  brakes  is  determined  largely 
by  how  good  a  brake  is  desired  and  how  much  room  there 
is  to  install  it.  Furthermore,  that  the  fabric  with  which 
he  had  had  most  experience  was  straight  asbestos  with 
woven  wire,  and  that  in  his  opinion  molded  lining,  while 
suitable  for  brake-shoes,  is  not  suitable  for  bands.  He  ad- 
vised oiling  the  transmission  brake  if  it  is  properly  pro- 
tected. In  this  case,  howTever,  there  must  be  a  greater  lever- 
age to  offset  the  condition.  In  braking  with  the  engine,  the 
leading  factors  are  engine  friction  and  the  pumping  loss, 
this  accounting  for  the  greater  effect  of  engine  braking  with 
the  throttle  closed.  It  is  difficult  to  secure  a  high  enough 
coefficient  of  friction  with  metal-to-metal  brakes.  This  ar- 
rangement may  be  used  in  a  transmission  brake  if  the  tem- 
perature of  the  brake  does  not  become  too  high. 

At  the  Nov.  15  meeting  of  the  Metropolitan  Section,  Prof. 
E.  P.  Warner  will  present  a  paper  on  Commercial  Air  Travel. 


UNCONVENTIONAL  ENGINE  VALVES 


Three   Experimental    Types    Described    at   Meeting   of 
the  Detroit  Section 

ABOUT  150  members  attended  the  first  fall  meeting  of 
the  Detroit  Section  on  Oct.  4  at  the  General  Motors 
Building,  Detroit.  Papers  describing  new  departures  in  valve 
design  were  presented  by  O.  D.  Heavenrich,  Guy  Disc  Valve 
Motor  Corporation,  Ypsilanti,  Mich.,  and  Eugene  Bournon- 
ville,  Bournonville  Rotary  Valve  Motor  Co.,  Jersey  City,  N.  J. 
Mr.  Heavenrich  described  a  Rotary  Disc  Valve  Engine,  built 
by  his  company,  and  Mr.  Bournonville  discussed  Rotary 
Valves  for  Internal-Combustion   Engines.     R.   Abell,  general 
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Internal-Combus- 
v  a   England 

..   illuniinat.il);   some   of  the 

a  :  :  riu:  Valve  I 

Mr.  Bournonville.  in  re- 
iving   the   early    en 
perfect  a  rotary  \.. 
that      about 

bad  been  taken 
but  that  for  the  m 
part  they  were  freakish  in 
design,  had  no  reliable 
means  of  automatic  and 
fool-proof  lubrication,  and 
that  no  successful  attempt 
was  made  to  take  care  of 
the  expansion  and  the  con- 
traction of  the  parts  com- 
ing into  contact  with  the 
ignited   gases. 

He    said    that    in   inves- 
tigating   the    subject    he 
had  devoted  his  attention 
first  to  expansion  and  con- 
traction.      As     the     con- 
•f  heat  through  metals  is  very  rapid  a  valve  was 
.  .ed  having  very  heavy  walls  so  that  local  heating  was 
almost  impossible,  and  uniform  expansion  of  the  valve   was 
obtained.     To  keep   the  valve  cool  relative  to  its  casing  the 
carbureted  mixture  was   made  to   pass  from   the  carbureter 
through   bored   holes  in  the  center  of  the   valve.     The  gas. 
-.g  both  ends  of  the  valve,  enters  a  passage  extending 
the  full   length  of  the  valve  head,  and  this  passage,   being 
open  on  one  side,  exposes  one-sixth  of  the  entire  surface  of 
the  valve  to  the  wet  mixture,  thus  serving  to  cool  as  well  as 
to  lubricate  it.     At  first,  lubrication  was  effected  by  mixing 
1  pint  of  light  lubricating  oil  with  5  gal.  of  gasoline.     While 
experimenting  with  a  Fiat  engine  he  found  that  the  use  of 
ary  valve  increased  the  speed  from  55  to  65  m.p.h.  and 
the  miles  per  gallon  of  gasoline  from  9  to  12'-2.     This  car 
has  covered    over   70,000   miles   since   that   time  without   the 
valve's  requiring  any  attention  whatever. 

In  his  first  experiments  with  a  rotary  valve  on  a  Willys 

land   engine,   though   the   horse-power   at    1000   r.   p.   m. 

was  increased  fron  J,  when  the  speed  was  increased 

">0  r.  p.  m.  the  valve  seized  and  the  engine  was  ruined. 

ter  buildi:  during  the  last   12  years,  a  self 

adjusting  valve  has  finally  been  perfected  that  takes  care  of 

and  contraction  and  the  wear  of  the  valve  in  its 

main   points   that   must  be   provided   for  to  operate  a 
practical  rotary  valve  engine   properly  are  as  follows: 

Uniform   contraction   and  expansion   <<f   the  valve 
and  its  casing 


(2)    An   automatic   and   dependable   oiling   system 

Constant    contact    between    the   valve   and   its   cas- 
ing 
(4)   Automatic    adjustment    for   controlling   the    results 
expansion  and  contraction  of  both  the  valve 
and   its  casing 
Moans  of  takinir  care  of  the  wear  of  the  valve  and 
its   casing   automatically    throughout    the    life   of 
the  engine 
(6)   There  must  be  absolutely  no  clearance  between  the 
valve  and  its  casing,  while  at  the  same  time  fric- 
tion must  be  eliminated  to  such  an  extent  that 
no  undue  loss  of  power  will  occur 

Rotary-Disc  Valve  Engini 

Calling  attention  to  the  great  amount  of  experimental  work 
that  has  been  done  in  recent  years  toward  developing  a  \ 
mechanism  that  will  do  tin-  work  of  the  poppet  valve  without 
making  so  much  noise,  Mr.  Heavenrich  said  that  probably 
the  best  known  non-poppet  valve  engine  was  that  using  the 
double  reciprocating  sleeve,  but  that  this  type,  while  giving 
excellent  service,  necessitated  a  considerable  amount  of  accu- 
rate machine  work  and  that  proper  lubrication  was  a  prob- 
lem. Another  engine,  less  well  known,  has  a  single  sleeve 
with  a  combined  reciprocating  and  revolving  motion.  Other 
types  of  piston-valve  and  rotary-sleeve  engines,  and  those 
having  revolving  cylinders,  revolving  pistons,  rotary  plug 
valves,  rotary  disc  valves,  and  the  like,  usually  are  either  too 
complicated,  or  too  expensive  to  be  practical.  The  engine 
most  closely  resembling  his  own  was  the  Reynolds  rotary 
valve  engine,  built  a  few  years  ago  in  Detroit. 

The  engine  under  discussion  is  not  of  the  poppet  valve, 
sleeve  valve,  rotary  plug-valve  type,  nor  any  combination  of 
them.  The  valve  was  said  to  be  a  cast-iron  disc,  machined 
flat  on  one  side  and  having  four  equally  spaced  radial  slots 
or  ports.  It  is  mounted  on  the  lower  end  of  a  stem  that 
comes  through  the  head  and  turns  the  valve  continuously  in 
one  direction  against  the  bottom  face  of  the  cylinder-head, 
which  contains  the  intake  and  the  exhaust-ports.  One  valve 
is  used  in  each  cylinder,  alternately  opening  the  four  exhaust 
and  the  four  intake-ports  in  the  cylinder-head  and  operating 
at  one-eighth  the  speed  of  the  crankshaft.  A  feature  of  the 
valve  is  a  flexible  connection  to  the  valve-stem  that  allows 
the  valve  enough  wabble  to  take  care  of  any  slight  misalign- 
ment in  machining,  or  in  clearance  around  the  valve-stem, 
while  still  maintaining  a  seal  against  the  pressure  in  the 
cylinder.  The  valve  is  driven  by  a  square  key,  fixed  in  the 
end  of  the  stem  and  fitting  into  a  keyway  milled  across  the 
boss  on  the  under  side  of  the  valve.  The  valve-stem  is  turned 
by  a  plain  cast-iron  spur-gear  on  the  upper  end  of  the  stem 
above  the  head,  the  gear  train  being  protected  by  an  alumi- 
num cover.  In  four-  and  six-cylinder  engines,  the  drive  is 
taken  from  the  front  end  by  a  horizontal  shaft  that  runs  as 
far  back  as  the  center  main  bearing.  At  this  point  it 
by  worm  or  spiral  gears,  a  vertical  shaft  running 
at  one  eighth  of  the  crankshaft  speed.  The  whole  valve- 
mechanism  is  most  satisfactorily  quiet.  There  are  no  recip- 
rocating  parts,   no   intermittent   motions,  nothing  to  clatter. 
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Gut  Rotary  Disc  Valve  Construction 

Each  part  has  a  continuous  rotary  motion  and  is  always  in 
metal-to-metal  contact  with  its  neighbor,  so  that  even  with 
poorly  machined  or  badly  worn  parts  the  same  quietness  of 
operation  prevails.  No  figures  as  to  the  amount  of  power 
'required  to  operate  the  valve  have  been  obtained,  but  the 
driving  sprocket  is  held  in  place  at  the  front  of  the  driving 
shaft  by  a  ^-in.  Woodruff  key,  unassisted  by  a  clamping  nut, 
and  has  given  no  trouble.  The  whole  valve-mechanism,  when 
set  up  ready  for  running,  can  easily  be  turned  by  hand, 
the  only  load  being  the  friction  load  caused  by  the  springs 
holding  the  valves  in  their  seats. 

Advantages  Claimed  for  Disc  Valve 

Among   the   advantages    claimed   for   the   disc   valve   over 
both  the  poppet  valve  and  the  sleeve  valve  are  the  following: 

(1)  Continuous  metal-to-metal  contact  and  absence  of 

reciprocating  parts  make  an  essentially  quiet 
drive 

(2)  It  compares  exceptionally  well  in   the  matter   of 

holding  compression,  its  flat  surface  being 
maintained  in  contact  with  a  flat  seat  by  the 
pressure  of  a  light  spring  at  the  top  of  the 
stem  and  by  the  pressure  in  the  cylinder 

(3)  There  is  no  problem  of  expansion  and  contraction. 

Any  expansion  is  taken  up  in  the  spring  and 
the  efficiency  of  the  valve  is  the  same  whether 
the  engine  is  hot  or  cold 

(4)  Disc  valves  are  not  ground  or  lapped  in.   The  filler 

of  carbon  and  oil  that  forms  after  a  few  hours' 
running  makes  an  ideal  seat.  Trouble  due  to 
the  warping  of  the  valves  that  was  encountered 
during  the  early  experimental  stages  was  ended 
when  the  ribs  that  had  been  used  for  stiffening 
were  cut  off.  Heat-treated  alloy-steel  valves 
do  not  work  as  satisfactorily  as  cast  iron 

(5)  The  under  side   of  the  valve  forms   part   of  the 

combustion  chamber  and  carbon  collects  on  it, 
as  on  any  other  part  of  the  chamber,  but  is 
immediately  rubbed  off  the  working  surface 

(6)  Notwithstanding   that   they   are   subjected   to   in- 

tense heat,  the  edges  of  the  valve  ports  remain 
sharp,  for  the  valve  is  at  all  times  in  contact 
with  its  water-cooled  seat 


(7)  Lubrication    of    the    valve    is    taken    care    of    by 

gravity 

(8)  As  four  columns  of  gas  rush  in  through  four  ports 

and  gradually  change  their  direction  as  the 
ports  close,  a  beneficial  condition  of  turbulence 
is  set  up;  the  four  exhaust-ports  situated  in  the 
head  of  the  combustion-chamber  also  give  excel- 
lent scavenging 

(9)  Any  desired  timing  of  the  valves  can  be  obtained; 

as  the  valves  set  directly  over  the  centers  of 
the  cylinders  the  valve  capacity  is  limited  only 
by  the  distance  between  the  centers 

(10)  The   cost   of  construction   in   quantity   production 

should  compare  favorably  with  that  of  any 
other  type.  All  parts  are  easily  machined,  no 
special  materials  are  required  and  the  small 
number  of  parts  cuts  down  assembling  costs 

(11)  As  a  simple  horizontal  shaft  is  used  to  carry  the 

drive,  instead  of  a  camshaft,  it  can  be  used  to 
take  care  of  some  of  the  accessories 

Combined  Poppet  and  Distributor  Valve  Type 

In  opening  the  discus- 
sion, Mr.  Abell  showed 
some  lantern  slides  of  the 
engine  described  in  his 
paper.  The  engines  de- 
veloped by  Mr.  Heaven- 
rich  and  Mr.  Bournonville, 
he  said,  were  without  pop- 
pet valves;  that  which  he 
described  had  one  poppet 
valve  for  each  cylinder 
and  a  rotary  distributor 
in  series  with  it.  The  dis- 
tributor is  so  called  be- 
cause it  is  subjected  to 
neither  compression  nor 
explosion  pressures,  but 
serves  only  as  a  deflector 
in  the  manifolds,  and 
switches  from  the  ex- 
haust to  the  intake- 
port  when  the  piston  is  going  over  top  center  at  the  end 
of  the  exhaust  stroke.  In  this  position  the  valve  is  wide 
open  and  the  cam,  which  has  a  long  dwell,  is  exactly 
midway  in  the  travel  in  that  dwell.  In  two-valve  en- 
gines the  difficulty  in  closing  the  valves  positively  is  that 
the  exhaust-valve  is  under  minus  pressure,  which  tends  to 
pull  the  valve  from  its  seat  and  destroy  the  mixture,  especial- 
ly when  operating  at  low  throttle.  This  condition  does  not 
obtain  with  the  single-valve  engine  because  the  valve  is  wide 
open  and  because  of  the  rotary  distributor.  The  outstanding 
feature  of  the  engine  is  the  combustion  and  the  thermal  gain 
in  the  temperatures  at  which  the  engine  operates,  as  well  as 
its  ability  to  operate  and  hold  its  port  at  a  high  range  of 
speeds.  Another  advantage  is  that  the  hemispherical  com- 
bustion-chamber presents  the  minimum  of  heating  surface 
to  the  flame  and  at  the  same  time  has  the  maximum  of  cool- 
ing surface  in  contact  with  the  water  because  the  chamber  is 
interrupted  with  only  one  port.  The  valve  serving  both  ex- 
haust and  intake  is  kept  at  moderate  heat,  the  maximum 
temperature  at  the  edge  of  the  valve  being  about  500  deg. 
fahr.  under  any  condition  of  speed  alone.  A  new  valve  run 
in  an  engine  at  low  speed  showed  blue  in  color  when  re- 
moved. No  special  steel  is  required  for  the  valve;  cast  iron 
may  be  used  if  preferred.  The  part  above  the  valve  is 
really  an  extension  of  the  combustion-chamber  at  one  point 
in  the  cycle,  so  that  the  total  amount  of  dilution  with  a 
7.5  to  1  compression-ratio  is  just  equal  to  that  of  a  normal 
engine  with  a  4.5  to  1  compression-ratio;  the  flame  tempera- 
tures are  equal  although  in  the  first  case  the  compression- 
ratio  is  much  higher.  This  is  accounted  for  by  Ricardo's 
statement  that  a  variation  of  1  per  cent  in  the  weight  of 
the  exhaust  gas,  plus  or  minus,  would  raise  or  lower  the  flame 
temperature  45  deg.  fahr. 
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Oor  Interesting  Data 

;'  the  hea 
-   i 

.:  around  the  ports  of  his  engine  and 

.lied  with  cooling- 

.mt   of   uneven   wear  of 

•  the  stem  had  been  ex- 

ther  engit. 

Be  cylinder  should 
wear  ma  another.   Mr.    Bournonville   said    that    wear 

.:  one  cylinder  alone;  that  as  the 
rical  and  the  casting  also  cylindrical,  if  weal 
in  one  place  so  that  the  valve  did  not  make 
d  take  pla  me  other  point 

rill  up  with  carbon  until  the  wear  be- 
ual  again.     Rotary  valves  should  not  be  ground  for 
s    surface    is    like   that   of   a 
The  machining  of  the  tapered  seat  is  perfectly  flat. 
it"   the   cylinder   block   and    head 
were  separate,  and  a  possibility  of  leakage,  Mr.  Bournonville 
obviated  by  the  fact   that   the  cylinder,  the  head 
•  r -cooled;  that  no  leakage  of  any- 
had  occurred  whether  running  on  six,  four  or  two  cyl- 

■ned   as  to  the  actual  compression-pressures 
that  were  obtained  at  from  300  to  1000  r.  p.  m.  at  a  com 

ratio  of  8  t  ■  1.  Mr.  Abell  said  that  at  200  r.  p.  m.  thecom- 
.ire  at  a  compression-ratio  of  10  to  1  averaged 
abou  ■■.  per  sq.  in.,  at  8  to  1,  about  150,  and  at 

'.,  about  130.  Concerning  fuel  economy  at  part  loads,  he 
said  that  on  a  run  of  130  miles,  with  a  car  weighing  3400  lb., 
a  gear-ratio  of  4*2  to  1,  and  the  speed  sometimes  exceeding 
1  »5  miles  were  covered  per  gallon;  for  ordinary 
touring  the  average  would  be  from  2'i  to  25  miles.  The  max- 
im jm  explosion-pressure  he  had  ever  obtained  he  had 
mated  to  be  600  !b.  per  sq.  in. 


I'i:i<  l-luN  i:i  BRINGS  I'.l  I  I  \LO  TOl'M 


Production  of  New   "I  %  I •  •  *  Discussed  and  Demonstrated 

.ii   I  nu-iial   Meeting 

On  Oct.  1  a  meeting  of  unusual  interest  was  added  to  the 
Buffa  a  schedule.     Lees  W.   Chadwick,  of  the  Chad- 

ded a  paper  on  The  Use  of  Precision 
•  n   Engine   Crankshafts.     Hi-   talk  was  illustrated 
and  practical  demonstrations  in  which  he  was  as- 
i  by  Ma  .  of  the  Oakland  Motor  Car  Co. 

Mr.  Chadwick  began  with  a  statement  of  the  modern  man- 
aation: 

[TRACY      INTERCHANGEABILITY 
=  UNIFORMITY  OMY. 

produced  by  a  method,  later 
•  hich  mak'  ption  commercially  pos- 

■  '.   production. 
hadwick,   the    following   qualities    are 
■  ng: 

(1)1  ipport;  in  this  case,  the 

'he  connecting  rod 

unbroken   surface  that  gives  the  oil-film 

•   support 
taxation   with   the  correct   oil   clearance 
•  'ie  time 

'    materials    that    have    sufficient 
•and   the  •  the   load    I 

v  anti- 
[Uatities   and   have 
an  ion 

'b  to  act  as  a  safety  valve 
ttion  failure 
.  '.ion    and    installation    mus' 
- 

The  first  thri  .  constituting  installation   or  fitting. 


are.  ladwick's   opinion,    the    most    important. 

experience  with  high-speed  machinery  working  under  un- 
usually severe  conditions  Over  a  long  period  of  time  anil  the 
wide  variation  in  the  length  of  life  of  bearings  made  of  the 
same  materials  and  running  under  the  same  conditions  con- 
vinced him  that  fully  60  per  cent  of  bearing  failures,  except- 
ing lubrication  failures,  are  caused  l>y  faulty  installation,  re- 
sulting in  insufficient   bearing  area  and  incorrect  clearances. 

\-  to  the  fourth  factor,  bronze  is  a  material  that  at  once 
Suggests     tself,  e8  more  of  the  required   qualities 

than  any  other  metal  and  permits  the  easy  bonding  to  it  of 
B  metal  having  the  requirements  that  the  bronze  itself  does 
not  possess,  anti-friction  and  low  melting  point. 

Babbitt  the  [deal  Lining 

Babbitt  has  proved  to  be  the  most  suitable  metal  for  tic 
lining,  as  it  possesses  the  required  melting  point  and  anti- 
friction qualities.  Its  defects  are  that  it  does  not  have  suf- 
ficient strength  to  resist  indefinite  pounding;  it  is  expensive 
and  will  not  form  a  satisfactory  union  with  the  bronze  with- 
out the  interposing  of  another  metal  between  them.  Its  in- 
ability to  withstand  pounding  is  offset,  first,  by  using  as 
small  an  amount  as  is  commercially  possible,  say  from  l/f>4 
to  1/32  in.  of  lining,  which  also  helps  heat-radiation  and 
makes  the  bearing  cheaper,  and  second,  by  proper  casting 
methods  that  densify  the  structure,  thus  utilizing  its  maxi- 
mum strength. 

Mr,  Chadwick  reported  that  he  had  best  results  from  a  bab- 
bitt formula  of  85  per  cent  tin,  7%  per  cent  copper  and  7% 
per  cent  antimony.  As  with  bronze,  the  proper  handling  is 
more  important  than  exact  specifications,  providing  that  im- 
purities are  kept  out. 

The  metal  for  bonding  the  babbitt  to  the  bronze  must,  for 
manufacturing  reasons,  have  a  lower  melting  point  than 
either  of  the  others.  Pure  tin  and  various  lead-tin  alloys  are 
generally  used  for  this,  lead-tin  being  the  most  popular  with 
bearing  manufacturers  because  it  is  easier  to  use,  but  as  the 
ling  metal  determines  the  ability  of  the  bearing  to  resist 
failure  due  to  overheating,  it  is  not  so  desirable  from  the 
engine-builders'  viewpoint  as  pure  tin.  Pure  tin  has  a  melt- 
ing point  of  450  deg.  fahr.,  while  the  average  lead-tin  alloy 
has  a  melting  point  of  about  3G0  deg.  fahr. 

Precision  Process  Step  hv  Step 

The  process  of  producing  these  precision  bearings  in  it- 
self answers  for  the  fifth  factor.  As  outlined  by  Mr.  Chad- 
wick, it  is  as  follows: 

ration  1 — Cast  bronze  bushings 

Operation   2 — Bore  inside  diameter 

Operation  3 — Tin  bronze  shell 

Operation  4 — Turn  outside  diameter 

Operation  5 — Babbitt 

Operation  fi— Bore  babbitt 

Operation  7 — Broach 

i  Iperation  8 — Grind 

Operation  9 — Splil 

( tperal  ion  10 — Swedge 

Operation  11  —Finish  center  line  faces 

Operations  12  and  13 — Drill  and  cul  oil  grooves 

Operation  14 — Burr  inside  and  outside  diameters 
Every  bearing  is  care-fully  inspected  and  all  fins  and  burrs 
are  removed.     The  result  of  the  finished  process  is  a  product 
that  meets  all  the  requirements  of  a  good  bearing  and   then 
make    r  practically  im]  embler  to  get  a  fit 

that  is  not  within  the  prescribed  limits,  providing,  of  en 
that  its  related   pal  rank  and  the  crankcase,  are  also 

within  the  required  limits.  Every  bearing  so  made  has  max- 
imum contact  and  correct  oil  clearance  independent  of  the 
skill  of  the  workman. 

The  standard  time  for  a  ernbly  of  bearings  and  crank- 
haft  i  3.6  min.  In  •  ■  ice,  it  is  possible  to  replace  these 
ings  in  a  small  fraction  of  the  time  required  to  replace 
and  fit  the  other  types,  with  the  assurance,  moreover,  that 
the  job  turned  out  will  be  first-class,  independent  of  the  skill 
of  the  workman.  One  company  has  found  it  possible  to  cut 
down  the  standard  time  on  this  operation  from  45  to  4  hr. 
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In  the  discussion  that  followed,  Mr.  Chadwick  was  ques- 
tioned on  the  possibilities  of  babbitting  aluminum  rods.  He 
answered  that  it  is  somewhat  more  difficult  to  babbitt  alumi- 
num rods,  but  that  it  can  be  done  successfully,  although 
aluminum  oxidizes  more  quickly  than  steel.  The  tin  can. 
however,  be  rubbed  into  the  aluminum  with  a  wire  brush. 

Another  point  raised  was  the  disadvantages  of  thick  bab- 
bitt, aside  from  its  cost.  Mr.  Chadwick  explained  that,  in 
the  first  place,  babbitt  is  only  used  to  act  as  a  safety  valve 
in  case  of  lubrication  failure.  It  is  put  in  so  that,  if  the 
engine  becomes  overheated,  instead  of  making  a  sudden 
seizure,  it  will  melt  and  flow.  It  will  pound  out  because  it 
is  soft,  and  naturally  1/16  in.  will  pound  out  twice  as  much 
as  1,  32  in.  Babbitt  1/64  in.  thick  can  be  put  on  satisfac- 
torily. If  put  on  0.005  in.  thick  with  a  paint  brush,  it  would 
be  just  as  satisfactory. 

Asked  at  what  temperature  to  pour  or  pump  the  babbitt, 
Mr.  Chadwick  replied  that  it  depended  largely  on  the  mix- 
ture. The  babbitt  should  be  kept  just  above  the  segrega- 
tion point  and  not  as  high  as  the  point  where  oxidization 
takes  place,  according  to  his  experience.  One  cannot,  how- 
ever, go  below  the  point  where  the  metals  will  not  fuse  with 
one  another.  From  800  to  825  deg.  fahr.  is  a  satisfactory 
temperature,  varied  according  to  the  size  of  the  bearing  and 
other  conditions. 


BALLOON     TIRES     ARE     HERE     TO     STAY 


J.   E.   Hale   of   Firestone   Discusses   Their   Performance 
at  Indiana  Section  Meeting 

A  review  of  the  reac- 
tions of  the  considerable  , 
proportion  of  the  public 
that  has  become  accus- 
tomed to  riding  on  low- 
pressure  air,  and  of  the 
car  builders  that  have 
been  experimenting  with 
sample  sets  of  balloon 
tires,  led  J.  E.  Hale,  of 
the  Firestone  Tire  & 
Rubber  Co.,  to  some  in- 
teresting conclusions  on 
the  future  of  the  low- 
pressure  tire  at  the  meet- 
ing of  the  Indiana  Sec- 
tion on  Oct.  11. 

The    demand    for    low- 
pressure     tires     has     ac- 
tually  existed   for  a   long 
time.     The  tire  companies'  adjustment  records  show  under- 
inflation  to  be  one  of  the  most  flagrant  forms  of  tire  abuse. 


J.   E.  Hale 


It  is  a  common  practice  of  car-owners  to  run  on  low  infla- 
tion deliberately  for  the  comfort  and  protection  that  they 
can  secure.  As  the  indications  are  that  they  intend  to  take 
matters  into  their  own  hands  and  ride  on  low  pressure  with 
their  present  equipment,  the  problem  is  to  produce  the  true 
low-pressure  tire  that  the  manufacturer  can  stand  back  of. 

The  individual's  reaction  to  the  question  of  the  low-pres- 
sure tire  is  somewhat  as  follows:  How  does  it  affect  the 
steering?  Does  it  cut  down  the  fuel  consumption?  How 
much  do  they  cost?  What  air  pressure  is  used?  Well,  can 
I  buy  a  set  for  my  car? 

When,  true  to  the  responsibilities  of  their  positions,  car 
designers  proceeded  to  search  for  objections,  they  found  that 
the  balloon  tires,  having  some  different  characteristics  from 
high-pressure  pneumatics,  could  not  be  substituted  without 
due  consideration  for  these  differences.  Their  attitude  toward 
them  ranges  all  the  way  from  actual  adoption  by  certain 
companies  to  direct  opposition,  with  all  kinds  of  opinions 
between. 

Objections  Answered 

So  far  as  economic  reasons  unfavorable  to  air-cushion 
tires  are  concerned,  the  monetary  appropriations  involved 
are  not  excessive,  since  they  are  confined  to  fender  changes, 
details  of  brake  design  and  axle  design  to  provide  additional 
offset. 

As  to  engineering  obstacles,  Mr.  Hale  has  not  heard  of 
anything  insurmountable.  There  have  been  cases  where  the 
fenders  were  not  -wide  enough  with  the  new  equipment  and 
mud  would  be  spattered,  but  this  is  not  insurmountable.  A 
few  designers  have  encountered  front-wheel  shimmy  and  for 
that  reason  have  disapproved  of  this  form  of  equipment. 
This  trouble  almost  never  occurs  at  speeds  below  60  m.p.h. 
A  few  cases  of  front-wheel  shimmy  on  change-over  jobs 
have  come  to  Mr.  Hale's  attention,  but  in  all  these  cases 
the  shop  mechanics  have  been  able  to  make  some  adjustment 
in  the  steering  mechanism  which  corrected  it.  Mr.  Hale  has 
found  that  on  his  own  car  he  can  bring  about  front-wheel 
shimmy  by  slacking  off  a  three-quarter  turn  on  a  certain 
nut  in  the  steering  linkage. 

The  effort  required  for  steering  receives  very  prompt  con- 
sideration. A  soft  tire  steers  a  little  harder,  but  steering- 
gear  changes  have  already  been  made  which  give  satisfac- 
tory results  in  this  case. 

Another  objection  is  the  belief  that  the  ability  to  pick-up 
and  to  accelerate  is  slightly  affected  by  low-pressure  tires, 
but  as  far  as  Mr.  Hale  has  been  able  to  determine,  low- 
pressure  tires  affect  the  engine  performance  only  slightly. 

As  far  as  fuel  consumption  is  concerned,  there  is  plenty 
of  evidence  that  this  is  not  affected  adversely.  Mr.  Hale  has 
himself  just  completed  a  1200-mile  vacation  trip  in  a  4-year- 
old  roadster  equipped  with  balloon  tires,  averaging  17  miles 
per  gal.  for  the  entire  trip. 


Schedule  of  Sections  Meetings 

NOVEMBER 

1— Detroit  Section— Development  of  the  Commercial  Airplane; — W.  B.  Stout. 
2— Washington  Section— Repainting  and   Refinishing  Automobile  Bodies— C.  O.  Thomae 

6-Dayton    SECTION-Better    Automobile    Headlighting     and   the    Importance   of   Accurate    Equ.pment   and    Proper 
Adjustment — R.  N.  Falge 
New  England  Section — Brakes — W.  S.  James 
7— Minneapolis    Section— Analysis   of   Various   Four-Wheel  Brake  Designs— C.  W.  Jacobs 
8— Indiana  Section— Records  of  Spring  Movement  in  the  Action  of  Cars— T.  J.  Litle,  Jr. 
9-Mid-West  SECTION-The  Relation  of  the  Automotive   Manufacturer  to  Motor  Transport-Davjd  Beecrott 
15 — Metropolitan   Section — Commercial  Air  Travel — E.  P.   Warner 

Detroit   Section— Gears— Is   It  Necessary  to   Grind?— Round  Table  Discussion 
19— Cleveland   Section— Engineering  Aspect  of  the  Used  Car— David  Beecroft 
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Shock  Aksorbers  an  Essential  Addition 

In   his    Summer   Meeting   paper.    Mr.    Hale   mentioned  the 
k    absorbers    or   spring   rebound    checks 
ted   a   disappointment   with  balloon   tires   without 
At  the  Indiana  Section   meeting  he  em- 
zed    the   point  even   more   strongly.     The   low-pressure 
•rill  take  care  of  the  pavement  irregularities  in  splen- 
•  ape,  but  depressions  and  humps  from  the  general  road 
■  luce   an   excessive   rebound   and   the   only 
apparent   remedy  is  to  have  rebound  checks,  but  great  dis- 
crimination must  be  used  in  choosing  the  proper  make  of 
check.      I"    .     a   very  complex  situation   in  which  the   spring 
char;;  play  a  very  important  part.     It  is  an  advan- 

ce spring  leaves  well-oiled. 
manufacturers  feel  that  the  automobile  industry 
(T  this  tire  equipment  in  it-  hands,  and  it  is  for 
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■■n  follow  ibo  r   the  lif<-  of  tire 

•id  fatigue.  Mr.  Hale  replied  that 
ability  of  a  good  quality  r  . 


to  Bex  repeatedly  is  so  great  that  it  will  continue  to  func- 
tion in  that  way  as  long  as  the  rubber  is  in  good  condition. 
Flexing,  however,  weakens  the  cotton. 

No  Tread  Cuts  in  Balloon  Tires 

Another  question  asked  how  the  tire  would  wear  in  d 
ruts  and  rough  spots  Mr.  Hale  said  that  it  would  not  show- 
any  tread  ruts  at  all;  being  soft  and  not  having  such  in: 
pressure  back  of  it,  it  does  not  fight  the  road  but  simply 
folds  itself  over.  The  same  thing  is  true  on  the  side-walls. 
can  run  up  against  curbs  as  frequently  as  may  he  de- 
sired without  hurting  the  tire.  One  of  the  l>ij_r  troubles  with 
most  tires  is  the  question  of  tread  separation,  but  Mr.  Hale's 
company  has  not  had  a  single  case  of  tread  separation  in  bal- 

Charles  S.  Crawford  expressed  the  opinion  that,  regardless 
of  what  the  engineer  thinks  about  balloon  tires,  his  opinion 
will  be  over-ridden  by  the  general  public.  It  is  as  well. 
therefore,  to  pave  the  way  for  the  use  of  them  and  to  do 
everything  possible  to  benefit  the  installation.  According  to 
Mr.  Crawford,  the  matter  of  steering  resolves  itself  into  mak- 
ing the  steering  ratio  in  proportion  to  the  kind  of  tire  used, 
the  load  imposed  on  it  and  the  kind  of  steering  the  person 
wants 

Howard  Maiinoii  reported  that  his  experience  with  balloon 
tires  has  been  very  satisfactory  in  the  riding  qualities,  but 
that  at  present  he  has  not  been  able  to  get  a  satisfactory 
ratio  on  the  steering  mechanism.  For  ordinary  driving,  the 
car  steers  will  hut  shows  a  tendency  to  lean  on  one  side  or 
another. 

Charles  R.  Short  emphasized  the  point  that  the  benefit  pos- 
in  the  use  of  balloon  tires  cannot  be  realized  by  taking 
the  old  chassis  with  standard  springs  and  standard  steering- 
gear  and  applying  balloon  tires.  Both  the  steering-gear  and 
the  springs  must  be  modified  to  benefit  from  the  lower  rate 
of  vibration. 

The  next  meeting  of  the  Indiana  Section  will  be  addressed 

by  T.  J.   Litle,  Jr.,  on  Records   of  Spring  Movement  in  the 

Action  of  Cars.    The  meeting  will  be  held  on  Nov.  8  in  the 

Severin  Hotel,  Indianapolis,  beginning  promptly  at  8  o'clock, 

after  an  informal  dinner  at  6:30  p.  m. 


THE  USED  CAR  AS  AN   ENGINEER  SEES  IT 

The    Cleveland   Seetion    will    hear    David    Beecroft,   of   the 

Class  Journal  Co.,  on  the  Engineering  Aspect  of  the  Used 

.  t    the  Nov.   1!»  meeting  at  the  Cleveland  Hotel.     Dinner 

at  6:30  p.  m.  will  be  followed  by  a  half-hour's  entertainment 

before  the  meeting,  which  will  begin  promptly  at  7:30  p.  m. 


JOINT    MEETING    IN    DAYTON   FOR   FALGE 

R.  N.  Falge,  of  the  National  Lamp  Works,  General  Elec- 
tric Co.,  will  speak  on  Nov.  6  as  a  specialist  on  headlighting 
before  a  joint  meeting  of  the  Dayton  Section  of  the  So. 
and  the  Dayton  Engineers  Club.  His  topic  will  be  Better 
mobile  Headlighting  ami  the  Importance  of  Accurate 
Equipment  and  Proper  A.dju  tment.  The  meeting,  which  will 
be  held  at  tin-  Dayton  Engineers  Club,  will  begin  promptly 
-  o'clock. 


NEW     SECTION    EOKMIV,    IN    MII.W  AIKKE 


Stoelting  Talks  <>n   < - i i >    Planning  and  Traflir  Control 

al    Fir-I    Meeting 

Members  in  Milwaukee  are  holding  regular  meetings  as 
one  of  the  prelimin  quired  for  the  formation  of  a  new 

Section.  At  the  first  of  these  meetings,  on  Oct.  24,  R.  K. 
Stoelting,  Milwaukee  Comn  onei  of  Public  Works,  dis- 
cussed thi  n  problem  from  the  viewpoint  of  the 
city,  speaking  on  The  Relationship  of  Automotive  Vehicles 
to  City  Planning,  Traffic  Control  and  Pavements. 

Mr.  Stoelting  emphasized  the  necessity  for  careful  planning 
in   the    future,   to   avoid   jammed    traffic   streets   inadequately 
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laid  out  for  their  loads.  Rapidity,  safety  and  parking  facili- 
ties are  essential  factors  of  the  probl  :m  to  solve  which 
properly  it  will  be  necessary  to  spend  a  .  much  as  the  total 
spent  for  automobiles  to  date. 

As  solutions  of  the  parking  bugbesl  ,  the  speaker  sug- 
gested municipal  garages  of  immense  capacity  and  small 
fee  and  parking  facilities  for  customers'  cars  on  store  roofs. 
He  also  outlined  the  need  for  an  arterial  highway  system 
with  automatic  controls  at  the  intersection  of  highways,  more 
of  which  are  being  developed  in  Milwaukee  than  anywhere 
else. 

In  the  future  Mr.  Stoelting  believes  that  city  traffic  will  be 
handled  by  buses,  allowing  the  use  of  the  full  street  width. 
In  closing,  he  appealed  to  engineers  for  assistance  in  solving 
civic  problems. 

Later  meetings  will  discuss  transportation  from  the  point 
of  view  of  the  highway  engineer  and  from  various  angles  in 
the  automotive  field.  The  group  meets  in  the  Library  Hall  on 
the  third  floor  of  the  Milwaukee  Public  Library,  Grand  Ave- 
nue between  Eighth  and  Ninth  Streets. 


KETTERING  SPEAKS  AT  MID-WEST  SECTION 


Kettering 


Says  Engineer  Must  Cooperate  with  Other  Departments 
and  Widen  ^  iewpoint 

That  one  of  the  grave 
problems  which  the  en- 
gineering fraternity  has 
ahead  of  it  is  to  settle 
down  and  recognize  that 
engineering  as  an  accom- 
plishment is  only  an  ac- 
complishment in  so  far  as 
it  produces  a  favorable 
change  of  figures  in  the 
balance  sheet  and  that  it 
is  time  for  the  engineers 
to  begin  to  work  out  an 
engineering  audit  sheet  on 
the  work  they  are  doing 
were  the  first  points 
stressed  by  Charles  F. 
Kettering,  of  the  General 
Motors  Research  Corpora- 
tion, in  his  address  to  the 
Mid-West  Section  at  its  Oct.  12  meeting. 

In  developing  his  argument,  Mr.  Kettering  insisted  that 
one  of  the  biggest  problems  in  front  of  the  engineer  to- 
day is  to  acquaint  himself  more  with  the  economic  and  busi- 
ness phases  of  the  industry  in  which  he  is  involved.  It  is  not 
sufficient  for  him  to  lock  himself  up  in  his  designing  depart- 
ment and  design  something,  because  he  cannot  design  some- 
thing apart  from  his  users.  He  had  better  spend  50  per  cent 
of  his  time  out  in  the  field  with  his  users  and  the  other  50 
per  cent  in  the  engineering  department  designing  something, 
designing  improvements,  than  to  spend  all  of  his  time  in  the 
engineering  department,  because  he  must  meet  the  require- 
ment that  all  engineering  is  to  proportion  material  in  such  a 
way  as  to  render  the  greatest  possible  service  to  his  users. 
no  matter  what  the  thing  is. 

Engineering  Closely  Related  to  Cost  Department 

The  engineering  department  should  be  adjacent  to  the  cost 
department.  If  one  has  to  meet  competition  and  make  a  10 
per  cent  reduction  in  cost,  he  has  some  chance  of  making  it 
if  he  analyzes  the  costs  of  the  individual  pieces  and  begins 
to  take  the  10  per  cent  out  of  each  piece.  The  engineer  must 
take  more  into  consideration  than  the  simple  functioning  of 
the  article  he  is  designing;  he  must  become  the  economic 
control  factor.  The  engineer  has  never  been  very  much  in- 
terested in  the  question  of  overhead,  but  he  has  just  as  much 
to  do  with  overhead  as  anybody  else,  since  it  is  an  engineer- 
ing problem. 

There  has  been  a  perfect  mania  for  special  machinery  dur- 
ing recent  years.     Mr.   Kettering  cited  figures  to   show  the 


fallacy  of  using  expensive  special  machine-tools  to  perform 
simple  machining  operations  and  said  that  the  question  of 
the  kind  of  machinery  needed  and  the  way  parts  are  designed 
is  a  very  important  responsibility.  The  designer  is  really 
responsible,  to  a  certain  extent,  for  the  capital  investment 
and  for  the  floor  space. 

In  every  big  organization  there  is  always  a  scrap  between 
the  engineering  department  and  the  production  department. 
There  is  one  best  way  of  settling  that,  and  that  is  to  have 
the  better  educated  fellow  give  in.  Swallow  our  pride  and 
get  the  result  regardless  of  whether  we  get  credit  for  it  or 
not.  Our  job  as  research  engineers  is  not  to  look  upon  the 
automobile  as  a  finished  commercial  product  today  but  to 
look  at  it  to  try  and  find  out  what  is  wrong  with  it.  Re- 
search is  simply  a  state  of  mind  and  the  way  we  get  that 
state  of  mind  is  to  be  dissatisfied  with  something  we  have 
got  or  something  we  are  doing.  To  put  it  in  another  way, 
research  is  the  correction  of  a  fault. 

Expanding  Viewpoint  Essential  to  Progress 

The  average  engineer  never  realizes  that  he  is  getting 
older  every  year.  He  graduated  from  sehool  when  he  was 
22  years  old  and  could  see  things.  He  gets  older,  and  along 
about  35  or  40,  he  passes  the  center  of  population;  in  other 
words,  there  are  just  as  many  on  this  side  of  him  as  there 
are  on  that  side  of  him.  As  he  gets  a  little  older,  he  sees 
things  in  terms  of  what  he  used  to  be  and  he  is  in  a  foreign 
country,  so  far  as  his  notions  are  concerned.  If  he  does  not 
get  back  and  get  the  new  point  of  view,  he  is  lost.  When- 
ever one  feels  that  he  is  getting  his  job  licked  into  good 
shape,  it  is  an  indication  that  he  has  had  the  shutters  closed 
on  his  windows  and  must  get  out  and  get  another  viewpoint. 
Mr.  Kettering  believes  that  an  engineer  ought  never  look  for 
the  rock  bottom  end  of  anything.  There  may  be  a  limit  to 
the  thing  as  he  sees  it  today,  but  with  new  things  coming 
in  all  the  way  along  the  line,  the  ultimate  cannot  be  prophe- 
sied. 

Mr.  Kettering  illustrated  how  radical  changes  in  viewpoint 
have  been  responsible  for  revolutionary  changes  in  the  paint- 
ing of  motor  cars.  He  cited  another  case  in  which  persistent 
study,  unhampered  by  satisfaction  with  initial  progress,  re- 
sulted in  lengthening  the  life  of  fan-belts  70  times  that  ex- 
pected before  research  was  undertaken.  He.  also  presented 
many  interesting  comments  on  the  progress  of  scientific  re- 
search in  other  fields  such  as  chemistry,  physics  and  medicine 
and  pointed  out  the  fundamental  relationships  between  them. 

American  industry  today  with  the  research  laboratories 
that  are  being  established,  with  its  more  open-minded  atti- 
tude and  with  a  closer  association  of  the  engineers  to  the  busi- 
ness management  gives  every  opportunity  in  the  world  for  a 
marvelous  advancement. 

A  big  motor  transport  meeting  is  planned  as  the  Novem- 
ber number  on  the  Mid-West  Section's  program.  Fleet  own- 
ers and  service-men  are  especially  invited  to  hear  David  Bee- 
croft,  of  the  Class  Journal  Co.,  on  The  Relation  of  the  Auto- 
motive Manufacturer  to  Motor  Transport  at  the  meeting  on 
Nov.  9  in  the  Western  Society  of  Engineers'  rooms,  Monad- 
nock  Block,  Chicago.  The  meeting  will  begin  at  8  p.  m. 
after  an  informal  supper  at  6:30. 


MANUFACTURE  AND  USES  OF  DURALUMIN 


Alloy    Developed    for    Aircraft    Purposes    Finds    Many 
Automotive    Applications 

Duralumin  and  its  applications  was  the  subject  discussed 
at  the  meeting  of  the  New  England  Section  of  the  Society 
held  at  the  Highland  Hotel,  Springfield,  Mass.,  on  Oct.  23. 
Following  the  customary  dinner,  R.  E.  Northway,  chairman 
of  the  Section,  introduced  R.  W.  Daniels,  sales  engineer  of 
the  Baush  Machine  Tool  Co.,  who  presented  an  exceedingly 
instructive  paper  on  the  recent  developments  in  the  use  of 
this  aluminum  alloy  that  was  brought  to  its  present  state 
during  the  war  and  has  played  such  an  important  part  in  the 
construction  of  both  airships  and  airplanes. 

In  the  afternoon  preceding  the  meeting  a  visit  was  made 
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•duction  in  France.    Soon  after  the 

dertaken  in  this  Country 

able   in   all   forms    and   of   a 

product. 

aluminun  it.  when  wrought  and 

.rkable  degree  the  light 

.minum  with  the  strength  and  toughness  of  the  ferrous 

hearth   steel   that 

trength.     It  is  recognized  as 

occupying   the   same   relative   position   to   ordinary    wrought 

num  that  heat-treated  alloy-steel  does  to  ordinary  mild 

The    principal   and    unusual   feature    of    the    alloy    is 

that  after  it  has  been  hot  or  hot-and-cold  worked  it  may  be 

further  strengthened  and  toughened  from  40  to  50  per  cent 

heat-treatment  that   is   analogous  to  the  heat-treating 

of  alloy-steels  and  consists  of  quenching  from  temperature  < 

below   the   melting   point    followed   by   an    aging   process    in 

which  the  alloy  is  maintained  at  a  minimum  temperature  of 

70  deg.  fahr.     Its  maximum  qualities  are  not  reached  until 

a  period  of  at  least  48  hr.  has  elapsed.     Higher  temperatures 

ten  the  aging  period  but  do  not  commercially  affect  the 

resu  • 

n.  the  principal  constituents  of  duralumin  are 

aluminum,  plu  il  impurities  of  silicon  and  iron;  cop- 

r  cent;  magnesium.  0.20  to  0.75  per  cent;  and 

Small   quantities   of  other 

romium  are  sometimes  added   for   specific 

melting    point    is    approximately    1200    deg. 

fahr.,  the  annealing  temperature  preferably  680  to  700  deg. 

fahr..  and  the  heat -treatment   range  910  to  970  deg.  fahr.; 

the  n  is  0.0000123  in.   per   degree   of 

temperature.     When  heat-treated  its  strength  is  comparable 

with  mild  n,  while  its  specific  gravity 

•  1   compared  with   7 

When  used  in  the  proper  condition,  duralumin  lends  itself 

admirably  to  the  ordinary  methods  of  manufacture;   it  may 

be  both  h  I  ided,  forged  under  the  i 

or  the  hammer,  or  in  the  bolt  machine;  it  may  be  drawn,  spun 

and  handled  in  the  crank  or  toggle  nilarly  to  soft 

steel;    it   may   be   machined   readily   and    when    so   used 

without   tearing  or   dragging,   at   a   con- 
ng  of  time   over   that   of  steel   and   most  other 
metal  non-magnetic,   nor  e,    highly    resistant 

to  a>.  of  both  fresh  and 

salt  ghtly  affected  by  the  chemicals  that 

k  most  metal«  and  doe-  not   tarnish   in  the  pn 
'.uretted   hydrogen.     In   appearan  resembles 

qua!  to  nickel  plating,  remains  bright 
-  than   any  plated   or  silver 
and  by  handling. 

ultimat.  gth  of  the  heat-treated 

mat<-  the  dimi  t-piece,  show- 

ing a  minimu.  ""  lb.  per  sq.  in.  f<  nan  1 

width  across  the  flats,  and  a  minimum  of 
2  in.   in  diameter,  or  in 
londing  yield-points  are 
..   in.  while  the  elongation   ig  be- 
nt in  2  in.     Annealed  material  has  a 
,000  lb.  per  sq.  in. 
duralumin  at  the  plant  I 

gn,    faulty 

■  rial    and    not    to    any    en 
of  the  alloy.     Defi  ed   by 

rind  the  like,  are  similar  to  I 
'eel. 


The  steps  in  the  manufacture  of  duralumin  are  similar  t.. 
Steel  and  are   {«)   the  manufacture  of  the  alloy   from 

luminum  base;  (6)  casting  the  ingot;  (<•>  hot  rolling 
•_:ging  the  ingot  into  blooms,  billets  or  plates;  (<n  hoi  or 
working  into  the  final  shape;  (e)  heat  treating  or  an- 
"g;  and  (/)  further  cold-working  under  certain  con- 
ditions only. 

During  these  various  processes  the  physical   properties  are 
:   by   distinct    steps  and   the   ultimate  tensile-strength 
-ed  from  6000  to   10,000  lb.   per  Sep   in.  by  cold 
working    after    heat-treating    and    aging.      Annealed    dural- 
umin    may    be     heat-treated     and,    Conversely,     heat-treated 
duralumin    may    be    annealed.       When    annealed     it    can    he 
drawn,  spun,  stamped  and  formed  into  a  great  variety  of 
shapes,  similarly  to  brass  and  mild  steel;  when  heat-treated 
imoines  a  remarkable  tensile-strength  with  the  ability  to 
•  rnied;    when   heat-treated    and    hard    rolled    it    is    used 
where  no  bending  or  forming  is  required. 

Among  the  uses  to  which  duralumin   has  been  put   are  the 
structural  parts  and  the  wing  and  fuselage  covering  of  air- 
plains,  main-bearing  bearing-caps,  pump  driving  parts,  and 
■  Her  flanges.     The  successful   (lights  of  the  Shenandoah 
have  been  a  notable  achievement,  and  the  fact  that  the  win- 
ning airplanes  in  the  rect  1  contests  at  St.  Louis  were 
lied  with  duralumin  propellers  is  not  generally  known. 
In    automotive   work    its    use    is   extended    to    such    inertia 
parts  as  connecting-rods  and  to  unsprung  parts  such  as  disc 
wheels  and  the  hub  caps  of   wire   wheels.      Its   pleasing  ap- 
pearance   when    polished   and    its   ability   to    withstand    han- 
dling  and   exposure   have    increased   the   demand   for   it  for 
such  parts  as  hood  catches,  door  handles,  latches,  and  lamps. 
Following   the    reading   of   the    paper    a    lively    discussion 
_rht  out  many  additional   details  concerning  the  various 
applications  of  the  metal  to  automotive  practice. 

Mr.  Daniels'  replies  to  the  questions  asked  may  be  sum- 
marized briefly  as  follows:  Standard  tests  are  necessary  to 
determine  crystallization  from  which,  however,  duralumin  is 
remarkably  free;  that  no  trouble  has  been  experienced  with 
duralumin  connecting-rods ;  that  less  time  is  consumed  in 
machining  when  the  work  is  stationary;  babbitting  imposes 
no  difficulty,  the  melting  point  of  tin  being  just  under  that 
at  which  duralumin  begins  to  soften;  no  special  preparation 
is  necessary  for  tinning,  as  molten  tin  removes  the  oxide 
from  forged  duralumin  as  well  as  applies  the  tin;  when 
babbitt  is  cast  no  reaming  is  necessary;  duralumin  can  be 
die  cast  but  is  usually  looked  on  as  a  metal  that  has  to  be 
wrought;  ful  die-casting  depends  largely  on  the  man- 

ner of  doing  the  casting;  brake  hangers  are  cast  directly 
on  the  shaft;  duralumin  can  be  welded  as  well  as  aluminum; 
its  conductivity  is  aboul  i"  per  cent  of  thai  of  pure  copper; 
in  transmission  -pan-  the  use  of  longer  spans  might  prove 
al;  in  rolling  the  strains  imposed  by  heat-treatment 
ed;  duralumin  may  be  used  as  a  bearing  metal 
with  case-hardened  tee]  and  duralumin  connecting-rods  are 
a  ed     -''il     teel   crankpins;    regarding  the  holding  of   heat 

taken  1  hal  the  heat  goes  en- 
through    the    part;    ni  agi     '      to   be   gained    in 
holding  the  temperature  before  quenching;  if  allowed  to  drop 
in  temperature  with  that  of  the  furnace  the  material  will  be 
ductile;  no  color                        been  worked  out  to  indi- 
the  kind   of   metal,   but  all  arc     marked;   the 
the  easiest    method   of  determining  the  kind 
of   metal;    the   fracture   after  the   tensile   test   is   fibrous,  a 
round  section  showing  a  crystalline  structure,  a  square  sec- 
having  the  fractun               lant;  an  unusual  shape  would 
indicate  tl                         foreign  matter;  in  general,  the  de- 

,  be  found  in  steel;  laminations 
are  caused  by  air  bubblet    in   [pouring;   it  is  not  possible  to 
tell    with    a    microscope    whether    duralumin    has   been   heat- 
ted. 

Continuing   further,    he      aid    that   little    trouble    had   been 
ed   on    sea   voyages  but  that   salt  water  does  affect 
the  metal  --lightly,  especially  if  it   were  to  get  between  layers; 
although  duralumin  can  be  furnished  in  lengths  suitable   foi 
the  paneli  of  auton  dii   .  it  is  not  much  u  ed  for  this 

purpose,   as   aluminum    panel      are    good   enough;    no   special 
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effort  has  been  made  to  use  duralumin  as  a  bushing,  but  it 
would  run  cool  and  wear  well  with  steel  and  alloys  if  suffi- 
ciently well  lubricated;  it  is  satisfactory  as  a  bearing  metal 
only  when  used  with  hard  steel ;  a  piston  of  cast  duralumin 
would  give  the  advantages  to  be  obtained  from  light  recip- 
rocating parts,  less  vibration  and  better  lubrication;  the 
parts  may  be  made  smaller  but  if  made  the  same  size  their 
life  would  be  lengthened;  pistons  and  rods  frequently  do  not 
balance;  either  a  light  piston  is  used  with  a  heavy  rod  or 
vice  versa;  it  is  of  no  advancage  to  balance  a  crankshaft  and 
pay  no  attention  to  what  is  put  on  it:  in  price,  duralumin 
cannot  be  compared  with  steel  as  the  cost  is  from  three  to 
four  times  as  great;  it  would  compare  very  favorably  with 
bronze;  brass  castings  are  today  competing  with  bronze  cast- 
ings owing  to  the  fact  that  with  bronze  the  roughness  is 
always  at  the  fillets  while  with  brass  it  usually  is  at  the  end. 
The  next  meeting  of  the  Xew  England  Section  will  be  held 
.at  the  Engineers'  -Club,  Boston,  on  Nov.  6.  Dinner  will  be 
served  at  6:30  p.  m.  and  the  meeting  will  begin  promptly  at 
8  o'clock.  W.  S.  James,  physicist  of  the  Bureau  of  Stand- 
ards, will  discuss  Automobile  Brakes,  with  particular  refer- 
ence to  those  of  the  four-wheel  type. 


LOW-PRESSURE  CORD  TIRE  PROBLEMS 


J.  F.  Palmer 


J.   F.   Palmer   Tells   Buffalo   Section    That    Cords   Must 
Be  ^  ound  by   Tangent  Method 

Many  of  the  engineering 
obstacles  in  the  path  of  de- 
velopment of  the  low-pres- 
sure cord  tire  can  be  over- 
come by  laying  the  cords 
on  the  carcass  so  that  they 
are  tangent  to  the  base  or 
rim  circle  of  the  tire.  This 
is  the  opinion  of  J.  F. 
Palmer, of  the  Dunlop  Tire 
&  Rubber  Co.,  who  ad- 
dressed the  Buffalo  Sec- 
tion, Oct.  29,  on  the  Prob- 
lems of  Low-P  r  e  s  s  u  r  e 
Tires.  Some  of  Mr.  Palm- 
er's comments  are  given  in 
the  following  paragraphs. 
Power  efficiency  and 
safety  must  not  be  sacri- 
ficed to  mere  ease  in  rid- 
ing. Cords  and  rubber 
as  used  in  pneumatic  tires  offer  little  resistance  to  distor- 
tion in  the  absence  of  air  pressure,  hence  in  reducing  the 
air  pressure  below  current  practice  it  must  follow  that 
the  stabilizing  element  is  proportionately  reduced  in  efficiency. 
Brief  consideration  of  the  conventional  cord-tire  structure 
exposes  the  engineering  error  of  connecting  the  rim,  which 
is  the  last  rigid  point  in  the  power-transmitting  line,  with 
the  road  surface  by  tension  members  lying  on  a  double 
curve.  Until  the  tension  in  the  cord  structure  is  equal 
to  the  force  acting  upon  it,  it  does  not  respond  with  useful 
work.  This  wasted  effort  causes  nothing  but  frictional  heat 
that,  under  extreme  conditions,  burns  up  a  tube  in  a  short 
time.  This  is  exemplified  in  high-speed  bus  duty  and  con- 
stitutes one  of  the  present  problems  in  that  service. 

The  problem  to  state  it  in  few  words,  is  to  secure  low  air- 
pressure  without  doing  it  at  the  expense  of  cord  tension,  effi- 
ciency and  safety.  Tangent  winding  appears  to  offer  a  solu- 
tion. In  this  scheme  the  path  taken  by  the  cords  is  tangent 
to  the  rim  base,  or  rather  to  circles  falling  within  the  flange 
and  extending  from  tread  point  to  tread  point,  each  course 
of  these  cords  being  slightly  inclined  to  its  predecessor.  This 
construction  builds  up  the  beads  by  the  over-lapping  plies  of 
cords  and  renders  unnecessary  any  other  provision  for  at- 
taching the  tire  to  the  rim.  It  is  apparent  that  under  the  air 
pressure  this  type  of  tire  has  no  tendency  to  lift  from  the 
rim,  but,  on  the  contrary,  will  hug  it.     Each  cord  pulls  pro- 


gressively from  tread  point  to  tread  point  all  the  way  around 
the  tire,  the  rim  base  and  the  flanges  serving  only  to  give 
frictional  contact  for  power  transmission  and  any  other  duty 
imposed  in  use. 

The  tangent  cord  line  coincides  with  the  power  line,  viewed 
in  side  elevation  and  affords  the  longest  possible  length  of 
cord  from  edge  to  edge  of  the  casing  on  rims  of  any  base 
diameter.  For  this  reason,  the  air  pressure  can  be  propor- 
tionately less  to  maintain  equal  cord  tension  in  the  carcass 
members.  Power  losses  in  transmission  are  minimized  be- 
cause the  long  flat  arc  described  by  the  cords  creates  a  longi- 
tudinal base  of  the  tire  that  is  unequalled  in  any  other  con- 
struction. 

Rim  widths  should  be  standardized.  There  is  a  proper 
width  of  rim  for  each  size  of  tire  and,  for  the  best  results,  no 
other  size  should  be  used.  This  is  of  increasing  importance 
as  tires  of  larger  sizes  are  used.  Hence  the  term  oversize  as 
used  today  in  relation  to  tires  has,  properly  speaking,  no  re- 
lation to  the  duty  or  capacity  of  the  tire  but  refers  solely  to 
the  width  of  rim  upon  which  it  is  used.  The  matter  of  cost 
has  apparently  been  the  determining  factor  in  original  rim 
equipment  leaving  to  the  purchaser  the  decision  as  to  whether 
tires  adequate  for  the  duty  required  of  them  are  supplied. 
If  he  decides  that  the  engineers  responsible  for  the  job  did 
not  know  their  business,  or  knowing  it  failed  in  their  duty, 
he  buys-  oversize  tires  and  puts  them  on  the  old  rims.  Tire 
manufacturers,  willing  to  make  anything  in  demand  have 
created  so-called  oversize  tires.  Now  we  are  confronted  with 
double  and  even  triple  oversize  tires,  in  an  effort  to  graft  the 
new  idea  of  adequate  cushioning  upon  the  original  inadequate 
rim. 


MINNEAPOLIS   TO   STUDY  BRAKE   DESIGN 

The  Minneapolis  Section  met  on  Oct.  3  to  plan  for  the  de- 
velopment of  the  Section  and  arrange  a  program  for  the 
coming  year.  Appointments  made  by  th-  Minneapolis  Gov- 
erning Board  as  follows  went  into  effect  at  this  meeting. 
A.  F.  Moyer,  formerly  vice-chairman,  succeeds  Victor 
Gauvreau  as  chairman,  as  Mr.  Gauvreau  resigned  his  office  on 
leaving  Minneapolis.  C.  T.  Stevens  and  A.  H.  Bates  will 
head  the  Membership  and  Program  Committees. 

The  first  meeting  scheduled  will  be  held  on  Nov.  7  at  the 
Manufacturers  Club,  Builders  Exchange,  Minneapolis,  begin- 
ning at  8  o'clock.  C.  W.  Jacobs,  service-manager  of  the  Pence 
Automobile  Co.,  will  talk  on  the  Analysis  of  Four-Wheel 
Brake  Designs.  He  will  discuss  in  detail  the  present  systems 
of  four-wheel  brake  layout,  external  contracting,  internal 
expanding,  "booster,"  equalized,  non-equalized  and  differen- 
tial. Types  of  brake-shoes  and  bands  and  methods  of  apply- 
ing braking  power  will  also  be  considered. 


PAINT   MEETING   IN   WASHINGTON 

C.  0.  Thomae,  technical  expert  with  Valentine  &  Co.,  will 
talk  to  the  Washington  Section  at  its  Nov.  2  meeting  in  the 
Cosmos  Club  on  Repainting  and  Refinishing  of  Automobile 
Bodies.  Mr.  Thomae's  long  experience  as  a  paint  expert 
makes  a  valuable  and  interesting  meeting  certain. 


THE  AUTOMOTIVE  PRODUCTION  MEETING 


Over  400  in  Attendance  at  Second  National  Production 
Gathering  in  Cleveland 

Although  the  attendance  was  not  as  large  as  that  at  the 
Detroit  Production  Meeting  of  the  Society,  the  meeting  in 
Cleveland  on  Oct.  25  and  26  lacked  none  of  the  interest  or 
enthusiasm  of  the  former  occasion.  Men  were  in  attendance 
from  all  sections  of  the  Country  and  most  of  the  principal 
automobile  companies  were  represented.  The  registration 
reached  a  total  just  in  excess  of  400  persons  and  each  of  the 
sessions  was  attended  by  upward  of  200  production  men. 
Over  250  members  and  their  guests  were  seated  at  the  Pro- 
duction   Dinner  on    Friday   evening   where    they   enjoyed    a 
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K    I.    Herrmann  J,'hn  Younger 

highly  inspiring  address  by  R.  H.  Grant,  general  manager  of 
deo  Light  Co. 

-t  of  the  Production  Meeting  papers  are  printed  in  this 
of  The  JOURNAL,  but  the  following  paragraphs  report 
in  abstract  form  the  information  that  was  brought  out  in 
the  discussion  following  each  of  the  presentations.  Great  in- 
•  was  manifested  in  the  paper  on  the  wage-payment 
methods  practised  in  the  Chandler  plant  as  will  be  noted  by 
the  number  of  points  raised  in  the  discussion.  Questions  and 
answers  that  followed  the  papers  on  grinding  indicated  a 
general  tendency  in  the  industry  toward  higher  standards 
of  dimensional  precision  and  surface  finish.     No  doubt  this 

og  of  manufacturing  standards  accounts  for  the  rep 
increased  durability  and  life  of  the  modern  motor  car. 

Many  of  the  men  in  attendance  at  the  meeting  suggested 
the  possibility  of  holding  an  exhibition  of  new  machine  tools 
in  conjunction  with  future  Production   Meetings  of  the   So- 
thought  that  this   plan   would  enable  fa. 
inspect   the   latest   developments    in   tools   and 
xls  at  one  time  and  place,  thus  conserving  their  time 
and  increasing  the  service  of  the  meeting  to  both  the  builder 
and  the  buyer  of  machine  tools.     A  canvass  will  be  made  of 
the  machine-tool  industry  to  determine  whether  it  will  sup- 
port such  an  exhibition  as  being  of  service  to  it.     If  thi 

favorable,   it   is   probable   that    the   next    National 

-oduction   Meeting  will  be  a   doubly  attractive 

;nd  will  draw  one  of  the  largest  attendances  in  the  his- 

-  dety.     A   distinct  effort  will  be  made  through 

the  comir  .  -ne  experts  in  production  matters 

W   and   parts   factories   in   presenting  .:   the 

■  n  Meeting:.     It  was  the  opinion  of  many  in  at- 

at  the  Cleveland   meeting  that   a   large   number  of 

•.a!  to  the  full  success  of 
■ 
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I       !'      Blancbard     Describe*     Hen     Contii is-Typi 

Machine    it    Prodnction   Sleeting 

machine  tools  and  their  advantaj 

•  .  l   at  the   Cleveland    Produc- 
ind    : ■••  tented   by 
rd.    of    the    Bullard    Machine    "1  He 

ntroduction   to  th< 
built  by  the  i 
Mr.    Blanchard   said   that   it  i 

hed   piece 

the   condition!    of 

•ration    may  y    different.      The 

die  timpl  rnplishes  this  by   a   re- 

on  each  operation  and 
ne   operation    after    another.      While    cutting 
I  obtained  by  I  ess,  the  time  of  ac 

ment 


-    of    time    between    the    operations    is    eliminated    b] 
using   the    turret    tooling    method    in    combination   with    side 
heads   or   cross-slide    arrangements,   but    the    sequence    still 
exists.      Multiple-tooling,   or   a    grouping   of   all    of   the   tools 
about  the  work  for  simultaneous  cutting,  has  been  tried  to 

eliminate   the   sequence,   but    it    lias    resulted    in   compromising 

the   machining  factors   of   speed   and   feed   and   thus  destroyed 

the   cutting   efficiency.      Complicated    tool    settings,    inaccossi- 

of  the   tools   for   adjustment    and   difficulty   in   chucking 

the  work  are  further  disadvantages  of  the  multiple-tooling 
method,  according  to  Mr.  Blanchard.  In  all  the  foregoing 
methods  there  still  exists  the  inevitable  delay  of  interrupting 
the  machining  process  for  chucking  and  unloading  the  work. 
It  follows  from  the  above  line  of  reasoning  that  the 
multiple-spindle  principle  is  the  logical  one  for  continuous 
production.  This  principle  is  represented  in  what  is  known 
as  the  station  type  of  machine  tool.  In  this  machine,  the 
piece  is  the  unit  of  production  and  the  operations  to  be  per- 
formed are  segregated  into  groups  requiring  similar  ma- 
chining factors  of  speed,  feed  and  tooling.  With  entirely 
independent  and  universal  settings  of  speeds,  feeds  and  tools 
at  each  station,  the  finished  piece  can  be  produced  under 
conditions  of  highest  efficiency  by  setting  all  tools  required 
for  a  single  cut.  or  a  group  of  cuts  having  similar  machining 
factors,  at  the  separate  stations  of  the  machine.  In  this 
case,  the  chucking  and  the  unloading  is  accomplished  at  one 
station    while    the    machining   operations    are    in    process    at 

the  live  working  stations. 
Another  type  of  machine 
recently  developed  by  Mr. 
Blanchard's  company  em- 
ploys what  may  he  termed 
the  continuous  multiple- 
spindle  process.  In  this 
type  of  machine  the  op- 
eration or  the  group  of 
operations  performed  at 
h  chucking  is  the  unit 
of  production,  and  all 
operations  are  accom- 
plished in  one  complete 
cycle  of  the  machine.  Each 
work-holding  spindle  is 
always  opposite  its  re- 
spective tool-head,  and  all 
work  spindles  and  heads 
are  in  continuous  rotation 
about  a  central  column. 
The  work  is  chucked  as  the 
spindle  passes  through  the  loading  sector  and  while  machin- 
ing is  in  process  through  the  remainder  of  the  cycle.  Mr. 
Blanchard  showed  several  typical  examples  of  work  to  which 
this  process  of  machining  can  be  adapted  and  gave  the  time 
required  to  complete  the  operations  in  each  case. 

icity  and  lateral  run-out  can  lie  held  within  limits 
.f  o.iiiMi2r>  in.  on  the  machines  described  by  Mr.  Blanchard. 
He  -tated  in  reply  to  ;i  question  that  it  took  demonstrators 
only   1    day  to  educate  operators  on   the  proper  handling  of 

machines.      It    was    his    opinion    that    the    continu 
multiple-spindle   machine  could   be   installed   profitably   if  it 

operated  only  2  months  in  the  year.     Some  firms   I 
found  it  economical  on   runs  as  short  as  300  to  400   pit 

continuous-type    machim  pecially    adapted    to   the 

arger   piece-  of  work.     .•■■.    10   to   IK  in.   in  diameter,  and   ll 
often  used  for  machining  fiywhei  I  . 


E.  P.  P.i.w. 


SP1  R-GEAB  <,KI\I)I\<.    \M)  TKSTING 


Papei  of   \-  I-  Otl  Discusses  New   Machine  for  Generat- 
ing  Accurate  Teeth 

Spur-gear   grinding  and   testing  was  the  subject  of  an   in- 
teresting and  informative  paper  that  was  presented  by  A.  J. 
Ott    at     the    Thursday    morning    session    of    the    Production 
Meeting.     A  generating  type  of  gear-grinding  machine  was 
ribed  and  a  fixture  for  testing  spur  gears  was  displayed 
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and  demonstrated.  The  paper  by  Mr.  Ott  and  his  son,  C.  L. 
Ott,  is  printed  in  full  on  p.  401  of  this  issue  of  The  Journal. 

Numerous  questions  were  asked  the  author  during  the 
discussion  period  and  the  answers  to  some  of  these  are  of 
interest.  He  stated  that  from  0.003  to  0.005  in.  is  removed 
at  the  pitch  line  of  the  teeth  by  the  grinding  operation. 
The  grinding  time  required  on  the  average  transmission 
gear  is  from  5  to  6  sec.  per  tooth.  Using  a  grinding  wheel 
30  in.  in  diameter  permits  the  machine  to  grind  gears  up  to 
a  face  width  of  2  in.  Both  the  driving  and  the  coasting 
faces  of  a  spur  gear  having  33  teeth  can  be  ground  at  the 
rate  of  55  to  60  gears  per  day.  With  ordinary  care  grind- 
ing GO  teeth  without  dressing  the  grinding  wheel  should  be 
possible.  The  wheel  should  not  be  dressed  while  a  gear  is 
being  ground. 

From  0.005  to  0.010  in.  backlash  is  all  that  is  necessary 
in  the  opinion  of  the  authors.  An  accuracy  of  tooth  profile 
within  limits  of  0.00025  in.  can  be  attained  with  the  gear- 
grinding  method.  A  labor  cost  of  50  cents  will  be  added  to 
the  total  cost  of  an  average  passenger-car  transmission  if 
all  the  important  gears  are  ground.  Gear  grinding  not  only 
accomplishes  a  reduction  in  the  gear  noise  of  automobile 
transmissions,  but  it  saves  tear-downs  after  assembly  and 
tends  to  increase  the  durability  of  the  gears  because  of  their 
smoother  running.  Teeth  having  contours  of  a  modified  in- 
volute form  can  be  ground  just  as  readily  as  those  following 
the  accurately  developed  involute. 

W.  Hadley,  the  English  representative  of  an  American 
gear-grinding  machine  builder,  stated  that  grinding  of 
transmission  gears  was  fairly  universal  practice  in  England. 


A.  J.  and  C.  L.  Ott 

European  motorists  shift  gears  frequently  and  they  insist 
upon  reasonably  quiet  operation  of  the  first  and  second  gears. 
Some  British  companies  run-in  gears  with  lapping  com- 
pounds, but  the  great  majority  are  now  employing  the  ma- 
chine-ground gear  as  a  means  of  reducing  the  transmission 
noise. 


PRODUCTION    GRINDING    DEVELOPMENTS 


Production     Meeting     Paper     and     Discussion     Reveal 
Demand   for   Mirror-Like   Finish 

Recent  developments  in  production  grinding  were  de- 
scribed and  illustrated  in.  the  last  paper  in  the  Thursday 
morning  session  of  the  Production  Meeting.  This  paper  was 
prepared   and  read  by   Oscar  A.  Knight,  of  the  Norton  Co.' 


O.  A.  Knight 


It  will  be  found  printed 
in  full  on  p.  387  of  this 
issue  of  The  Journal. 

Following  the  reading 
of  the  paper,  Mr.  Knight 
answered  numerous  ques- 
tions put  by  members  of 
the  audience  and  the  fol- 
lowing paragraphs  sum- 
marize his  answers  and 
the  general  discussion. 
Increasing  the  diameter 
of  crankshafts  does  not 
permit  the  removal  of 
steady-rests  in  crankpin 
grinding-machines,  in  Mr. 
Knight's  opinion.  In  some 
instances  these  heavier 
shafts,  although  more 
rigid,  tend  to  vibrate  dur- 
ing the  grinding  operation 
and  this  will  be  eliminated  if  the  work  is  properly  backed 
up  by  a  steady-rest.  The  balancing  of  grinding  wheels  is 
receiving  constant  study  and  no  balancing  devices  will  prob- 
ably be  needed  on  the  grinding  machines  of  the  future  because 
the  wheels  will  be  made  so  as  to  remain  true  throughout 
their  life. 

The  limits  for  alignment  of  the  pin-axis  and  shaft-axis 
should  not  be  greater  than  0.002  in.  or  they  will  retard  pro- 
duction, according  to  Mr.  Knight.  Mention  was  made  of  one 
firm  that  buffs  all  crankpins  after  grinding,  the  buffing  being 
done  in  the  opposite  direction  of  rotation  from  that  followed 
by  the  crankshaft  in  its  bearings.  This  is  done  on  the  theory 
that  the  buffing  operation  removes  small  metallic  particles 
and  smoothes  the  surface  down  so  that  irregularities  in  the 
pin  surface  will  present  smooth  edges  to  the  babbitt  bearing 
and  eliminate  any  tendency  to  pile-up  and  score  it.  Buffing, 
if  correctly  performed,  improves  the  surface  of  the  average 
shaft  after  it  has  been  finish-ground.  It  will  not  correct  out- 
of-roundness  of  the  ground  shaft,  however,  but  will  follow 
the  basic  surface  that  has  been  formed  in  the  grinding  ma- 
chine. Grain  lines  can  be  eliminated  if  the  grinding  wheel 
is  arranged  to  oscillate  a  slight  amount;  this  oscillation  need 
not  be  more  than  Vs  in. 

A  tendency  toward  a  greater  application  of  the  centerless 
method  of  grinding  exists,  in  Mr.  Knight's  opinion.  Just  as 
great  accuracy  can  be  secured  from  the  centerless  machine 
provided  great  care  is  taken  in  its  use,  however  the  full  pro- 
duction advantage  of  centerless  grinding  will  only  be  se- 
cured if  the  limits  are  fairly  wide.  Asked  whether  he  favored 
the  use  of  ball  or  roller  bearings  to  support  the  main  spin- 
dles of  grinding  machines,  the  speaker  replied  strongly  in 
the  negative.  Chatter  and  mottle  marks  nearly  always  be- 
come more  pronounced  in  work  that  is  done  on  grinding 
machines  that  use  ball  or  roller  bearings  in  this  place.  Chat- 
ter marks  were  reduced  by  substituting  a  chain  for  a  gear 
drive  in  the  machines  described  by  the  author,  who  stated 
that  inaccuracies  in  the  gears  were  responsible  for  the  chatter 
and  intimated  that  gears  might  be  satisfactory  if  accurately 
made. 

Wide-wheel  grinding  is  limited  at  present  to  a  maximum 
of  9%  in.  and  Mr.  Knight  was  asked  the  reason  for  this 
limitation.  He  replied  that  it  is  entirely  a  matter  of  prop- 
erly supporting  the  grinding  wheel.  Placing  a  bearing  on 
the  outside  or  the  inside  of  a  wide  wheel  is  not  good  practice 
because  it  would  be  necessary  to  remove  the  bearing  to 
change  the  wheel  and  this  would  affect  the  alignment  event- 
ually. 

Arthur  C.  Pletz,  of  the  Morris  Machine  Tool  Co.,  Cincin- 
nati, described  a  method  of  buffing  crankpins  with  a  machine 
very  much  like  a  grinding  machine.  This  machine  uses  a 
rotating  hard-felt  wheel  instead  of  the  grinding  wheel.  This 
wheel  is  covered  with  an  abrasive  preparation  and  is  kept 
in  contact  with  the  rotating  crankpins  for  only  a  few  sec- 
onds. It  is  used  to  get  a  mirror-like  finish  on  the  surface  of 
the  crankpins  after  they  are  ground  and  is  not  intended  to 
correct  any  errors  in  the  contour  of  the  ground  shaft.     Less 
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Intei  -    Expressed    in    Production    Meeting 

Paper  Read  1>\   W.  F.  Jameson 

-  are  familiar  with  the  time-worn  ex- 
"human  element  errors."     The  psychological   i 

f  mind  that  results  in  the  making  of 
rrora  ha  -:udied  by   W.   F.  Jameson,   chief 

insp-  !and    Automobile    Co.,    and    were    the 

subj'  hat   opened   the   Thursday    aftei 

Meeting  in  Cleveland.     Mr.  Jame- 
II  V.e  found  printed  in  full  in  this  issue  of  The 
JOUBM  I 

President     Alden.     who 
presided    at    this    session. 
:.ed   the    discussion    by 
telling   the    experience 
one     steel     manufacturer 
who     believed     that     the 
inauguration   of  the  8-hr. 
day    and    the    consequent 
studying  of  means  to   im- 
prove  the   welfare   of  the 
-worker   would   result 
dually       in       lowered 
rather    than    raised    pro- 
duction costs   in   the  .-■ 
mills.      Mr.    .lame-on 

•  I     how    he    rewarded 
tioua    worker 
showed    evidence    of 
concentrating    and    think- 
ing on  his  job.  He  replied 
that   the   worker   must   be 
■  n  the  fact  that  hi  .  with  his  work  is 

his  reward.     0  ught  cannot  be   sold   to  all 

work'  -sessed    of    some    intelligence    to 
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.  i  by  II.  P.  Harrison,  of  the 
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equipment   in   the  fa<  I 

impany.     The 
conditions  that   determine 

whether    power-driven    or 
gravity-actuated     convey- 

should  be  used  \ 
discussed.  Mr.  Harrison 
illustrated  his  paper  fully 
and  showed  types  of  con- 
veyor equipment  used  for 
handling  cylinders,  trs 
mission  cases,  rear-axle 
housings,  front  and  rear- 
axle  assemblies  and  for 
the  final  assembly  of  com- 
plete chassis  and  bodies. 
His  very  interesting  paper 
will  be  found,  printed  in 
full,  on  p.  .'!o7  of  this  is- 
sue of  The  Joi  kn  u 

Reference  to  Mr.  Har- 
rison's paper  will  show  that  he  did  not  explain  how 
the  cylinder  carriers  were  returned  to  be  used  again. 
This  point  was  covered  in  his  answer  to  one  of  the  q 
tions  presented  in  the  discussion.  He  said  that  the  car- 
riers are  returned  on  the  downward  travel  of  the  outside 
elevator  chain,  fed  back  into  the  line  at  a  point  below  the 
delivery  section  of  the  gravity  chute,  then  picked  off  auto- 
matically at  the  basement  level  and  dropped  in  a  pile  at  that 
point.  About  $125  has  been  saved  daily  by  the  installation 
of  conveyor  equipment  in  the  Franklin  plant.  All  the  assem- 
bly conveyors  are  in  motion  when  assembling  operations  are 
being  performed.  They  are  driven  by  ailjustable-speed  mo- 
tors that  can  be  set  for  any  desired  daily  production. 

anklin  cylindei  ae  to  the  conveyor  from  the 

foundry  in  fully  sand-blasted  condition.  They  are  cleaned 
at  the  end  of  the  machining  line  in  an  atomized-steam  kettle. 
This  operation  supplies  enough  heat  to  the  casting  so  that 
it  dries  itself  and  is  then  given  a  coat  of  paint.  No  auxiliary 
method  of  moving  parts  in  case  of  conveyor  breakdowns  is 
provided  in  the  Franklin  installation.  Parts  are  trucked  in 
an  emergency  of  this  sort.  N'o  serious  delays  have  been  ex- 
•iced  from  conveyor  failures  and  it  is  possible  to  make 
minor  repairs  and  carry  on  conveyor  maintenance-work  at 
night,  since  the  Franklin  shop  operates  on  the  8-hr.  day. 


<;IUM  !>   IMKCK-WoKK   W  \<-K   PU  \1K\T 


System  in  I  -i   .it  Chandler  Plant  le  Described  in  Paper 
.it   Production   Meeting 

Production    i  rig  divides    itself   into  three   general 

classifications,  material,  labor  and  tools.  To  say  that  some  of 
the  most  perplexing  manufacturing  problems  are  those  con- 
nected with  the  labor  classification  is  not  exaggeration.  For 
this  reason  labor  control  and  wage-payment         b  mi    bfl 

place  on  any  program  of 
production  papers  that 
claims  to  he  at  all  com- 
In  the  case 
of  the  Cleveland  Produc- 
tion Meeting  it  was  no- 
ticed that  more  questions 
asked  about  Eugene 
Bouton's  paper  on  Wage- 
Incentive  Systems  than 
b>ly  any  other  topic 
on  the  program.  This 
paper  sets  forth  a 
of  individual  and  group 
.'.  ork  wage  payment 
that  is  in  successful  use 
at  the  plant  of  the  (han- 
dler Motor  Car  Co.  It 
will  hi'  found  printed  in 
full  on  p,  380  of  this  issue 
of  The  Journal.  Some  of 
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the  important  questions  and  answers  raised  at  the  meeting 
are  reported  in  the  following  paragraphs. 

Labor  turnover  has  been  materially  reduced  by  the  adop- 
tion of  the  wage  plan  described  by  Mr.  Bouton.  It  has  stimu- 
lated collective  effort,  the  men  try  to  help  one  another  and 
attendance  records  are  much  improved.  All  employes  re- 
ceive an  hourly  rate  and  after  the  group  price  is  set  they 
are  pro-rated  on  that  hourly  basis.  If  a  man's  hourly  rate 
is  raised,  the  cost  is  not  increased,  but  he  gets  a  higher  pro- 
rated share  of  the  group's  earnings.  If  certain  members  of 
the  group  apply  themselves  more  conscientiously  than  others, 
they  should  be  rewarded  for  their  effort.  Slow  and  lazy 
workers  are  frequently  run  out  of  a  group  by  the  other  work- 
ers in  it,  but  there  is  seldom  any  trouble  between  the  men 
when  all  are  industrious. 

Daily  earnings  of  the  men  in  each  group  are  reported  to 
them  by  their  foreman.  He  receives  a  copy  of  the  group 
piece-work  report  and  can  give  the  workmen  the  information 
from  that.  After  the  group  has  been  in  operation  for  some 
time  the  men  are  able  to  gage  their  earnings  readily  without 
making  inquiry  of  the  foreman.  Two  days  are  allowed  for 
a  new  employe  to  accustom  himself  to  the  work  in  the  group 
to  which  he  is  assigned.  If  he  is  unable  to  come  up  to  the 
required  speed,  he  is  taken  out  of  that  group.  Determination 
of  the  rating  of  the  men  in  a  group  is  left  in  the  hands  of  the 
foreman.  Time  studies  assist  him  in  making  this  determina- 
tion but  he  must  use  considerable  judgment  also. 

Mr.  Bouton  was  asked  what  he  considered  a  fair  percentage 
to  add  to  actual  time  studies  as  an  allowance  for  fatigue  and 
contingencies.  He  replied  that  this  would  vary  between  10 
and  20  per  cent,  depending  on  the  particular  job.  Machine- 
tool  builders  make  a  practice  of  allowing  20  per  cent.  Piece 
rates  are  not  cut  in  the  event  that  they  are  set  too  high.  The 
only  reason  for  cutting  rates  would  be  a  change  in  tooling  or 
a  change  from  one  type  of  machine  to  a  more  efficient  one. 
If  the  worker  makes  more  than  it  was  intended  he  should 
make,  the  condition  is  simply  put  up  with.  Fair  wages  for 
a  given  locality  must  be  determined  by  the  management  of 
the  company  and  the  base  rates  set  from  that  by  the  planning 
department. 

Allowance  for  scrap  is  largely  dependent  upon  the  nature 
of  each  job.  Where  tolerances  demand  a  high  degree  of  ac- 
curacy, an  allowance  of  2  per  cent  might  be  necessary.  When 
the  scrap  deduction  is  made  from  the  group,  only  the  labor 
and  the  time  expended  on  the  work  is  considered;  no  deduc- 
tions are  made  for  material  scrapped.  The  system  described 
by  Mr.  Bouton  guarantees  the  workman  a  minimum  hourly 
rate,  but  if  the  worker  is  unable  to  exceed  this  he  is  not  an 
economical  producer.  He  should  earn  the  base  rate  or  turn 
out  the  number  of  pieces  specified  on  the  route  sheet  before 
he  is  considered  efficient. 

In  the  6  months'  application  of  the  Chandler  system  it  has 
been  noticed  that  inspection  expense  has  decreased  because 
payments  are  made  only  on  the  accepted  pieces.  If  any  de- 
ductions are  made,  the  men  realize  that  the  loss  applies  to 
the  entire  group  and  they  soon  aid  one  another  in  reducing 
the  number  of  rejected  pieces.  Mr.  Bouton  believes  that  any 
group  system  of  wage  payment  effects  a  reduction  in  inspec- 
tion expense.  He  allows  only  1  per  cent  for  scrap  on  the 
average. 

When  one  member  of  a  group  receives  an  increase  in  his 
daily  rate,  the  earnings  of  the  other  members  of  the  group 
are  slightly  reduced.  This  has  never  caused  any  trouble 
within  the  group,  according  to  Mr.  Bouton.  If  a  member  of 
the  group  is  tardy  1  hr.,  he  loses  that  proportion  of  his  pro- 
rated earnings  and  this  amount  is  credited  to  the  remainder 
of  the  workers  in  the  group.  So-called  speed-experts  or  pace- 
makers are  never  injected  into  groups  to  speed  them  up. 
Sometimes  the  efficiency  fostered  by  the  group  plan  leads 
to  the  men  earning  much  more  than  was  anticipated,  but  that 
is  a  contingency  that  must  be  accepted  with  any  group  plan. 
Inspection  work  in  the  Chandler  plant  is  done  on  a  straight- 
day-work  basis.     This  is  also  true  of  the  tool  department. 

No  provision  is  made  under  the  group  piece-work  plan  for 
men  who  may  be  absent.     If  a  group  consists  of  10  men  and 

=  See  The  Journal.  November.  1922,  p.  402. 


1  man  is  away,  the  work  is  turned  out  by  the  remaining  9 
men  and  all  the  earnings  divided  among  them.  If  the  men 
in  a  group  are  dissatisfied  with  a  new  man,  they  appeal  to 
their  foreman  who  replaces  this  man  with  another  who  is  ac- 
ceptable to  the  group.  In  this  way  the  men  may  be  said  to 
have  a  voice  in  the  selection  of  the  workers  making  up  their 
respective  groups.  Mr.  Bouton  does  not  find  that  individual 
incentive  is  lacking  in  large  groups,  say  of  90  men.  They 
are  all  anxious  to  help  one  another  and  whenever  congestion 
at  any  point  occurs  the  men  assist  the  worker  who  is  behind, 
without  receiving  any  order  from  the  foreman.  The  hourly 
rates  guaranteed  under  the  plan  described  are  lower  than 
those  paid  for  straight  day-work. 

J.  C.  W.  Smith,  of  the  Willys-Overland  Co.,  said  that  his 
company  had  applied  the  group  system,  but  paid  all  men  in 
the  group  the  same  wages.  He  favored  piece-work  wage 
payment  instead  of  the  standard-time  system  because  the 
worker  could  figure  out  his  own  earnings  more  readily  and 
this  avoided  misunderstanding.  He  referred  to  the  paper 
given  by  E.  K.  Wennerlund2  at  the  Detroit  Production  Meet- 
ing and  said  that  he  considered  it  had  one  fault.  This  is 
illustrated  by  the  case  of  two  men,  both  grinding  axle-shafts, 
who  receive  different  amounts  of  money  at  the  end  of  a  pay 
period  although  both  produced  the  same  number  of  pieces. 
If  the  supply  of  labor  in  the  market  is  ample,  under  the  day- 
w-ork  system  men  can  be  hired  at  the  lower  rate  on  axle 
grinding  and  the  man  on  the  higher  rate  let  go.  The  Over- 
land factory  makes  a  practice  of  guaranteeing  piece-work 
prices  for  a  year  and  standing  by  them  even  when  errors  are 
made  in  the  original  setting.  This  policy  has  resulted  in  at 
least  a  25-per  cent  increase  in  the  labor  efficiency  in  the 
Overland   plant. 

Mr.  Bouton  agreed  with  the  criticism  of  the  group-bonus 
plan.  He  said  that  there  is  no  reason  why  one  man  should 
draw  more  money  than  another  just  because  they  are  on  the 
same  job.  The  piece-work  plan  is  superior  for  group  incen- 
tive because  it  assures  a  reward  to  each  man  in  a  measure 
proportionate  to  his  effort-. 


FUNCTIONALIZED    TIME-STUDY    METHODS 


Production   Control   System   of   the  Corona   Typewriter 
Co.  Explained  in   Detail 

At  the  Scientific  Man- 
agement  Session  on 
Thursday  evening,  Percy 
S.  Brown,  works  manager 
of  the  Corona  Typewriter 
Co.,  presented  a  compre- 
hensive statement  of  the 
production  control  meth- 
ods of  that  company.  The 
paper  was,  of  course,  spe- 
cific and  obviously  the 
preparation  of  it  had  re- 
quired a  great  amount  of 
work.  President  Feiss,  of 
the  Taylor  Society,  who 
was  present  at  the  meet- 
ing, referred  to  the  fact 
that  F.  W.  Taylor  always 
refused  to  speak  less  than 
2  hr.  on  the  subject  of 
management  and  main- 
tained that  the  only  way  to  present  any  matter  of  real  im- 
portance connected  with  the  subject  is  by  submitting  concrete 
examples. 

It  was  clear  from  the  evidence,  Mr.  Brown  submitted 
that  the  business  of  his  company  is  well  organized  and  con- 
trolled. It  is  helpful  to  have  designers  of  automotive  ap- 
paratus consider  what  is  necessary  in  the  analysis  and  the 
design  of  a  business.  The  principal  factor  in  the  lowering 
of  the  price  of  a  final  product  is  the  reducing  of  the  cost 
of  the  operations  involved  in  its  fabrication.  Of  course, 
wide    distribution    is    essential   to   the    carrying    out   of   the 
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I  finished  products, 
ment    that    continuous- 
mobile  factory, 
of    the    recording    of    many 
c  in  this  eon- 
-.    such    as    in- 
not    time-studied, 
ght-piece, 
.    and    straight-salary    with    no   bonus.     Fifty 
'    '  i  plant  are  inspec- 

from  these,  30  per  cent  of  all   the  operations 
that  can   be  carried  out  as   piece-work   are   done   according 
.nethod. 

INTBODUCTION  OF  SYSTEM 

The  functioi  ry   management   was  intro- 

.-  the  Corona  plant  in  1917,  the  change  from  the 
so-called  military  type  of  organization  being  made  instantly. 
The  principal  thing  in  the  conduct  of  a  factory  being  co- 
operation, no  new  system,  however  efficient,  can  be  reduced 
to  practice  in  a  short  time  without  the  personnel  in  general 
believing   in    its    merit. 

.Mr.    Brown's    paper    was    based    upon    the    premise    that, 
except    for   the   elements   of   size   and    weight,   the   problems 
involved    in    the    production    of    automotive    apparatus    are 
not  dissimilar  from  those  encountered  by  the  manufacturers 
of    portable    typewriters.      What    is    known    as    continuous 
manufacturing  is  prevalent  in  these  industries.     The  Corona 
Typewriter    Co.    has    102")    parts    to    manufacture,    600    of 
these  differing  in  kind.     In  connection  with  these  there  are 
about    2500   manufacturing    operations,    these    including    all 
nbling    but    not    inspection;    there    are    about    2000    in- 
>n  operations.     All  operations  of  a  similar  nature  are 
concentrated    as    far   as    possible    in    the    same    department, 
•'uctory  control  is   highly  functionalized,  the  plan  advo- 
cated   by    F.    W.    Taylor    being    followed    to    a    considerable 
nt. 
In   preparing  the   paper   for   presentation   to   the   Sor 
Mr.  Brown  asked  the  head  of  each  of  the  Planning  Depart- 
ment   Divisions    to    submit    a    statement    of    the    respective 
methods    followed,   together    with   copies  of   all    forms   used. 
The   head   of   the  Planning  Department   checked   the   report 
ich    of    the    divisions    and    had    revisions    made    when 
As    editor-in-chief,    Mr.    Brown    combined    the 
reports    into   the    paper.      In    functionalizing   the    work,   the 

were  placed   under   the  di- 

d    highly    trained    men    of    engineering    experience 

or   qualifications.     The    Methods    Di\  divided    into 

My,    i  b)    machine,    i  c  i 
metal-fini-h:ni:,    ("  and    (e)    record.     The   work  of 

uad    (c)    i-   essentially  of  a  non- 
•  e   character,  the   men   being   primarily   free   lane 

-k.    The    chief   duties    of    these  re    to 

establish  efficient  methods  of  manufacture  of  new  parts,  to 
impr>  .n    use,   t  production 

and    the   like,    to    inve      .  ,   to  test    ma- 

terials ar  materials  and 

supplies.      The    Salvage    Section,  handling   the    dis- 

of    rep;;  n     the    scrappage    of    | 

•  g   each    case    and    determining    whether    it    is 
chea  pair  or  to  scrap. 

01  Reports 

In  •  ■•  rimental  departme) 

:<(    to    thi  ring    department    of    an    autom 

rwn    said    that    all    formal  made 

.n   addition   to   thi  and    the  specifica- 

.  an  outline  of  the  avail- 

the   :-ubj'  lenient   of  the 

•  •    b    of  >iga- 

ription    of    the    procedure    in    the 

IIS    and    recommendations.      The 

-eeps  in  close  contact  with  the  purchasing 

rig     technical     points.       Mr. 

'1  that  this  is  an  important  matter.     The  initiative 

er  materials  or  supplies  is   not 


left  to  the  purchasing  department,  but  may  be  in  any  part 
of  the  organ 

In  connection  with  time-studying,  Mr.  Brown  explained 
that  after  the  demonstrator  lias  had  sufficient  practise  to 
gain  a  rhythm  of  motion,  the  observer  begins  the  timing 
of  an  operation.     The  operation   is  divided  into  a*   many 

elements  or  movements  as  can  he  timed  effectively.  Any 
time    per    movement    that    varies    "..">    per    cent    or    more    from 

the  time  selected  as  the  correct  time  is  considered  abnormal. 
In  speaking  of  one  operation,  Mr.  Brown  pointed  out  that 
2-per    cent    personnel,    3-per   cent    fatigue    and    3-per    cent 

machine  and  tool  delay-allowances  wire  made.  Two  III- 
min.  rest  periods  also  are  provided.  The  operators  are 
assured  that  the  standard  rates  ami  time  issued  will  m 
changed  unless  a  radical  change  in  design,  machini 
method  is  made.  An  inexperienced  operator  is  allowed  a 
learning  period,  according  to  each  case.  The  use  of  a 
daily  efficiency  record  has  proved  of  value;  the  operators 
are  not  only  interested  in  the  pay  they  receive  bu1  take 
pride   in  achievement. 

As  frequent  changes  are  made  in  the  design  of  parts, 
it  is  essential  that  inventories  be  maintained  at  the  lot 
possible  minimum  and  that  the  stock  of  material,  parts 
in  process  and  finished  parts  be  well  balanced.  In  the 
typewriter  industry  a  month's  supply  of  a  small  part  can 
be  turned  out  in  less  than  an  hour.  This  means  that  con- 
tinuous work  on  any  single  operation  is  rare.  Most  ol 
parts  are  produced  in  lots  of  5000  and  10,000.  A  definite 
balance  of  finished  parts  is  kept  as  a  reserve  against 
emergencies,  this  being  in  most  cases  the  quantity  used  in 
'.',  weeks'  production. 

Control   being  the  vital   feature  of  planning,  the  control- 
board   of  the   Corona   company  is  a  graphic  combination  of 
the    parts    ledger    and    the    stores    ledger.      This    is    a    large 
board   around  which   strings  are  tied  vertically,  a   pair   for 
each   part.     The  board   provides  a  graphic  daily  posted   in- 
ventory.    Mr.   Brown    submitted   a   chart  or   form   for   each 
important  step   in   the   practice  of   the  factory.     He  empha- 
sized the   fact   that   the   only   way   to   understand    fully   the 
methods    in    use    is    to    study   these    forms.      Mr.    Feiss   said 
that  the  value  of  the  methods  installed  at  the   Corona 
tory  could   be   appreciated   only   after   a   visit   to   the    pi 
One   general    observation    that    Mr.    Brown    made    was   that 
orders  are  pulled  and  not  pushed  through  the  factory.     An 
important  condition   is  that  no  parts  are  filed  or  sawed  by 
hand,  all  of  the  component  elements  being  interchangi 
under    the    system    of    standardization    maintained.      Inas- 
much   as    all    materials,    supplies,   type,    and   key   cards    are 
checked   through   a  continuous   inventory  so  arranged   as   to 
be  completed  every  f>  months,  no  other  inventories  are  taken. 
The  Stores  Division   is  expected  not  merely  to  keep  an 
quate    supply    of    all     items    under    its    control    but    also    to 
t    in   keeping  all    stores    at    the   minimum.     Mr.    Bi 
that    the    whole    system    which    he   described    is    bi 
maintained  at  a  minimum  of  inconvenience,  without  causing 
any     shutdowns     and     with     considerable     smoothness     and 
•  my. 


-IWI>\m>     \I.KSIS     SPECIAL    MACHINES 


Quantity    Output    Possibilities  of  Each    I  \  j i. ■   Discussed 

at     Production    Meeting 

Maximum  production  from  factory  equipment  means  vei 
tility  in  the  possible  application  of  certain  machines  and  rea- 
r   all  machines.     Without  these  quali- 
■        pment   cannot  turn   in  the  greatest  earning 
the    manufacturer.      At   the    Production    Meeting,    held    last 

barted  a  discussion  of  standard 
,     special  machines.    This  question  is  again  taken  up  in 
paper  on  standard  machines  for  quantity  production  by 
Ralph    E,    Plander  .  of   the  Jones  &   Famson   Mac-him 
who  i     al   o  president  of  the  National  Machine  Tool  Iiuil 
Delation. 
After  reviewing  briefly  the  question  of  merits  of  standard 
versus  special  machines  as  presented  at  the  1922  Production 
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Meeting,  Mr.  Flanders 
considered,  from  the  ma- 
chine-tool builders'  view- 
point, the  problem  of  so 
designing  and  building 
machine  tools  as  to  retain 
the  favorable  points  of 
standard  machines  with- 
out sacrificing  the  advan- 
tages of  special  adapt- 
ability and  economy  char- 
acteristic of  the  ideal 
special  machine.  Two  pos- 
sible solutions  of  the  prob- 
lem were  cited;  (a)  build- 
ing semi-special  types  of 
machines  from  standard 
units  and  (6)  building 
standard  machines  with 
universal  foundations 
upon  which  highly  special- 
ized tool  equipment  can  be  mounted.  The  turret  lathe  and 
the  automatic  lathe,  built  by  the  company  with  which  the 
author  is  associated,  were  described  and  illustrated  as  rep- 
resentative examples  of  the  two  types  above  mentioned.  He 
enumerated  the  essential  features  of  the  design  of  these  ma- 
chines and  then  outlined  briefly  the  advantages  of  standard- 
ized equipment.  In  the  course  of  his  paper  Mr.  Flanders 
mentioned  the  fact  that  machine-tool  builders  are  now  intro- 
ducing systems  of  quantity  production  that  are  very  similar 
to  those  already  in  force  with  the  automotive  manufacturers. 

In  conclusion  the  author  suggested  that,  as  part  of  future 
Production  Meetings  of  the  Society,  one  or  two  sessions 
devoted  to  the  processing  and  tooling  for  a  single  typical 
part,  such  as  a  two-part  differential  housing  or  a  crankshaft, 
be  arranged. 

The  discussion  brought  out  more  clearly  a  number  of 
important  details  of  design  as  well  as  numerous  examples 
and  specific  applications  of  the  machines  to  particular  jobs. 
K.  L.  Herrmann  who  presided  at  this  session,  called  the 
attention  of  the  members  to  the  importance  to  the  tool 
designer  and  maintenance  man  of  the  standardization  of  tool 
bits  as  used  on  the  machines  described.  He  also  recalled 
the  fact,  as  previously  mentioned  by  Mr.  Flanders,  that  in 
some  instances  the  machine  capacity  is  greater  than  the 
capacity  of  the  article  to  withstand  the  strain  of  production; 
this  raises  the  question  of  suitable  design  of  parts  that 
can  utilize  the  productive  capacity  of  the  machines. 


HOW  TO   USE   THE   SCLEROSCOPE 


Instrument's  Inventor  Says  That  Methods  of  Applica- 
tion Should  Be  Standardized 

Hardness  determination  has  long  held  a  place  of  great 
importance  among  engineering  inspection  tests.  It  presents 
problems  that  are  not  as 
yet  completely  solved,  but 
that  still  attract  the  in- 
terest of  all  practical  en- 
gineers. Albert  F.  Shore, 
president  of  the  Shore  In- 
strument &  Mfg.  Co.,  in- 
ventor of  the  scleroscope 
bearing  his  name,  has 
done  much  toward  solv- 
ing this  problem,  and  the 
Society  considered  it  a 
privilege  to  have  for  the 
Production  Meeting  his 
paper  on  the  Standard- 
ization of  Methods  of  Ap- 
plying the  Scleroscope 
that  is  printed  on  p.  409 
of  this  issue  of  The 
Journal.     Pursuant  to  the.  a.  f.  Shore 


author's  desire,  L.  C.  Hill  read  the  paper  while  Mr.  Shore 
handled  the  discussion.  Several  points  raised  by  the 
Iron  and  Steel  Division  of  the  Society's  Standards  Com- 
mittee were  discussed  by  the  author.  As  regards  the 
plumbness  of  the  instrument  at  the  time  of  hammer  drop, 
it  was  stated  that  in  addition  to  the  errors  in  the  drop 
caused  by  holding  the  instrument  out  of  plumb,  the  dif- 
ficulty of  having  fluctuations  in  the  readings  was  encoun- 
tered, thus  making  a  comparison  of  the  results  difficult. 
A  marked  effect  was  said  to  result  from  lateral  vibra- 
tions. It  was  also  stated  that  the  effect  of  surface  rough- 
ness of  the  specimen  is  not  as  great  as  is  usually  supposed, 
that  careful  polishing  is  not  necessary  and  that  under  proper 
conditions  of  test  the  scale  on  the  surface  of  steels  in  the 
soft  condition  has  but  a  slight  influence  on  the  readings 
of  the  instrument.  Other  topics  included  the  condition  of 
the  diamond  point,  the  effect  of  mass  of  the  test-specimen, 
extreme  under-weights,  inert  and  over-weight  masses,  the 
effect  of  hardness  on  mass,  the  thickness  of  the  test^speci- 
men,  testing  near  specimen  edges,  the  effect  of  curved 
surfaces  and  how  specimens  are  mounted.  One  of  the  most 
interesting  parts  of  the  paper  dealt  with  comparisons  be- 
tween Brinell  and  scleroscope  hardness  determinations.  A 
conversion  chart,  tables  and  other  material  bearing  on  this 
subject   were   presented. 

The  discussion  covered  a  wide  range  of  questions  relating 
principally  to  the  methods  of  using  the  scleroscope  and 
mounting  the  specimens.  With  regard  to  the  effect  of 
weather  conditions  on  the  indications  of  the  instrument,  Mr. 
Shore  stated  that  no  effect  was  noticed  unless  actual  drops 
of  moisture  collected  in  the  tube  and  thus  interfered  with 
the  hammer  travel.  It  was  also  pointed  out  that  for  special 
tests,  such  as  those  on  carbon,  a  specially-fashioned  diamond- 
point  is  necessary. 


MEASURING    OUT-OF-ROUNDNESS 


Governing  Factors  and  Inspection  Methods  for  \  arions 
Tvpes  Outlined 

In  his  paper  on  Factors 
Governing  "Out-of-Round- 
ness"  Measurement,  A. 
H.  Frauenthal,  chief  in- 
spector of  the  Chandler 
Motor  Car  Co.,  dealt  with 
so-called  "regular"  types 
of  "out-of-r  o  u  n  d  n  e  s  s", 
that  is,  with  high  and  low 
spots  following  some 
mathematical  continuity. 
He  linked  certain  types  of 
out-of-roundness  with  the 
types  of  machine  on  which 
the  work  was  mounted. 
For  example,  on  work 
that  comes  out-of-round 
from  a  centerless  grind- 
ing machine,  the  high 
spots    and    low    spots    ap-  A-  H   Frauenthal 

pear  in  multiples  of  three. 

This  the  author  attributed  to  the  three  points  of  pressure  in 
the  machine,  namely,  the  grinding  wheel,  the  feed  wheel 
and  the  work  support.  The  importance  of  properly  selecting 
and  using  gages  and  measuring  instruments  for  checking 
out-of-roundness  of  various  types  was  mentioned.  The 
topics  discussed  in  this  connection  were  the  three-point 
measuring  system,  errors  of  the  V-block  method,  elliptical 
objects  in  a  V-block,  other  methods  for  checking  elliptical 
forms  and  indicator-reading  correction.  In  conclusion  the 
author  suggested  the  following  three  items  as  worthy  of 
consideration  by  the  manufacturers;  (a)  a  flat  measuring- 
point  large  enough  to  reach  the  major  diameter  when  it 
is  off-center  with  the  measuring-point  due  to  ellipticity, 
(6)  a  revolving  characteristic  of  the  measuring-point  to  pro- 
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I  m\h>\m      u|«,\\|/VIU»\     I  OK     PROFIT 


Principal    ropic   of   tin-    Address    Delivered    bj    1>.    II. 
Granl   ,ii   ill.-  Production  Dinner 

In  addressing  the  members  at  dinner  on  Friday  evening, 
R.  H.  Grant,  general   manager  of  the   Delco-Light  Co.,  took 
ibject    Management.    In   his   introductory   remarks 
said    that    "scientific"    management    is    apt    to    result    in 
•oking   main   issues,   and   that   the   best  combination    is 
••   and   horse-sense. 
Mr.  Grant  reiterated  what  he  nphatically  at  the 

I  'inner  of  the  Society  in  Chicago,  namely,  that 
organization  i  ins  devoted  to 

■  g,  finance,  manufacturing  and  sales,   respect  i. 
the    prime    pu  :ig   to    produce    a    return    on    capital 

exceeding  that  available  from   investment.     There   is   a   ten- 
dency  in   a  highly   specialized  business    for   the   men   in  the 
-nt   divisions   to   become    so    wrapped    up    in    their   im- 
mediate  work    that    they    overlook    the    real    reason    for   the 
•ence  of  the  bosine 
Mr.    Grant    divided    management    into    two    classes:     (a) 
g  general  management,  that  effects  hard  enough  work 
in   each   department;    (6)    management   that   selects  as   sub- 
ordinates men  who  are  not  only  qualified  as  specialists  but 
able  to  understand  the  main  problem-  of  the  company.     He 
that    any    business   can    be    successful    when    well   con- 
ducted  but   that   the   t"  re   secured    by   virtue   of 
the  cleverness  with  which  plans  are  carried  out  rather  than 
f  the  plans  themselves.     The  pi  irk  of 
rinancial    department    in   connection    with    the   granting 
of  credits   is,  for  example,  to  keep  the  loss   from  had   d 
sufficiently  low  and  still  permit  the  total  anion 

. -e.     The  men   in   the  different  departments    should 
exert  their  in'-  The 


•nan    should    cooperate     witli    the     financial    department 

,ue  business  according  to  approved  business  principles. 

If  the  chief  engineer  understands  what  article  will  secure 
the  great.-:  sales,  it  is  his  duty  to  design  this.  There 
must  be  coordination  of  interests  between,  as  well  as  clever 

by    specialists    in,    all    the    main    divisions    of    the    busi- 
nake    the    whole   general    scheme    adequately    profit- 
able.    The  production  man  should  not   be  autocratic  but   give 
due  consideration  to  the  experience  and  the  ability  of  others 
in    the    organization.      There    must,    of    course,    lie    a    i 

i  standing  throughout  the  company  of  what  the  under- 
taking ill  hand  is.  how  much  the  investment  is  and  what 
and    how    much    must    be    produced.      The    program    mus 

led    upon    .".    months    in    advance    of   the   beginning   of   a 

given   manufacturing  year.      Then    calculations  can   he  made 

as  to  how  much  direct  labor  will  be  needed,  what  overhead- 

se    burden   can    lie   assumed    and    how    extensive   a   sales 

nization  is  needed.  Those  in  the  selling  field  should 
be  told  what  they  must  do  to  meet  the  various  quotas  in- 
volved in  the  plan.  Maintenance  expense  must  be  analyzed 
and  advertising  cost  decided  upon.  The  general  manager 
must  watch  constantly  the  degree  of  progress  made  in  each 
of  the  departments.  Minimum  figures  of  performance  for 
the  future  should  be  set  for  the  length  of  time  feasible  and 
in    such    amount    that    the    n  erned    will    endeavor   to 

exceed  them.  Forecasting  is  an  essential  part  of  good  busi- 
ness. The  carrying  out  of  a  definite  4  months'  schedule 
usually  means  more  profit  than  is  gained  in  production  ac-' 
cording  to  a  variable  monthly  program.  A  whole  year's 
work  should  be  accomplished  without  interruption.  The 
type  of  a  business  determines  how  far  in  advance  a  pro- 
duction schedule  can  be  planned.  Tin  most  gratifyini 
suits  are  secured  when  many  minds  are  concentrated  on 
one  specific  purpose.  All  are  in  business  to  attain  the 
highest  personal  success  possible.  A  man  can  help  him- 
self best  by  contributing  something  that  redounds  to  the 
greater  profit  of  the  company. 

President  Alden  was  toastmaster  at  the  dinner.  Jack 
Raper,  humorist  of  the  Cleveland  Presn,  amused  the  mem- 
bers by  showing  that  prohibition  is  too  serious  a  thing  to 
joke  about  and  making  observation  on  other  live  issues  of 
the  day. 


FOUR     CLEVELAND     FACTORIES     VISIT  ED 


Members 


[nspecl      Automobile,     Truck, 

Malleable  Castings  Plants 


Steel        .111(1 


R.  H.  Grant 
T  KEH   AT  T> 


About  100  members  and  guests  attended  the  factory  visits 

that    were    a    part    of    the    Cleveland    Production    Meeting. 

I  A.   Parker,  chairman  of  the  Factory  Visit  Committee, 

arranged  to  have  motorbuscs  and  cars  convey  the  members 

in  groups  to  the   several   factories  and  dispatched    the  i 

a     prompt    schedule.      The    factories    visited     included    the 

'  ican   Steel    &    Wire    Co.,   the   Chandler    Motor    Car   Co., 

the  National  Malleable  Castings  Co.  and  the  White  Motor  Co. 

Vi   itors  to  the   plant  of   the    American    Steel   &   Wire  Co. 

large   roll  ng  out  thin  sheets  of  hot-rolled  steel 

that  i  be  stamped  out    eventually  in  huge  press. 

form  the   panels   for  automobile   bodies.     Bar  stock  of   vari- 

snd     izei    was  also  being  passed  through  the  mill 

at  the   time  of   the  visit.     The   member     were   high    in   their 

praise  of  the  courtesy  extended  them  by  the  factory  official!. 

Apparently  a  majority  of  the  members  were  inter, 
in  automobile  construction,  for  the  visit  to  the  Chandler 
plant  attracted  over  00  men.  They  were  transported  to 
the  factory  in  cars  provided  by  their  hosts  and  were  given 
a  courteous  welcome  bj  J.  R.  Hall,  vice-president  and  factory 
manager.      Responsible    factory  showed    the  visi- 

ry  nook  and  corner  of  the  large  Chandler  plant, 
the  crowd  being  divided  up  into  groups  of  four  or  five  each. 
Great  inten  shown   in  the  modern  conveyor  systems 

in  the  handling  of  the  Chandler-  product  both  in  the 
carrying  of  the  parts  and  for  the  assembly  of  the  bodies 
and  complete  vehi< 

One  of  the   largest  continuous  annealing  furnaces  in   the 
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world  was  seen  by  the  members  who  visited  the  foundry 
of  the  National  Malleable  Casting  Co.  They  were  very 
favorably  impressed  by  the  foundry  methods  in  use  by  this 
organization.  _ 

The  visit  to  the  White  factory  was  added  as  an .  extra 
feature  because  many  of  the  members  desired  to  inspect 
this  plant.  Some  30  men  availed  themselves  of  this  oppor- 
tunity to  see  one  of  the  largest  motor-truck  factories  in 
the  world. 

Appreciation  must  be  recorded  here  of  the  courtesy  and 
hospitality  of  these  four  Cleveland  factories  and  their 
officers.  In  every  instance,  the  visits  were  handled  expedi- 
tiously and  questions  were  answered  courteously  and   fully. 


A  FEW  WORDS   OF  GRATITUDE 

Meetings  of  the  Society  are  successful  largely  because  of 
the  voluntary  efforts  of  those  of  its  members  who  take  an 
active  part  in  the  preliminary  arrangements  and  the  con- 
duct of  the  social  and  professional  programs.  In  the  case 
of  the  Production  Meeting  at  Cleveland,  Oct.  25  and  26, 
unusually  able  and  earnest  cooperation  was  shown  by  the 
officers  and  members  of  the  Cleveland  Section.  John  Younger 
deserves  mention  for  the  assembling  of  several  energetic 
committees  and  instilling  their  members  with  enthusiasm  in 
the  meeting's  work.  Orrel  A.  Parker  arranged  all  of  the  visits 
to  the  Cleveland  factories  and  organized  the  transportation 
in  an  effective  way. 

Much  favorable  comment  was  voiced  by  the  visiting  mem- 
bers on  the  congenial  and  helpful  work  of  the  large  Recep- 
tion Committee  that  greeted  the  men  as  they  arrived,  aided 
them  in  registering  and  assisted  in  running  the  several  meet- 
ings and  the  dinner  on  schedule  time.  This  committee  was 
headed  by  H.  J.  Monson  and  consisted  of  E.  W.  Austin,  R. 


H.  J.  Monson  O.  A.  Parker 

Two  of  the  Committee  Chairmen  Whose  Efforts  Were  Largely 
Responsible  for  the  Success  of  the  Meeting 

S.  Begg,  M.  Bleiweiss,  T.  V.  Buckwalter,  W.  T.  Cogger,  A. 
M.  Dean,  E.  E.  Eyeman,  C.  A.  Michel,  R.  J.  Nightingale, 
Clyde  Pelton,  A.  J.  Scaife  and  Arthur  Skinner. 

It  is  also  appropriate  to  record  the  Society's  appreciation 
of  the  interest  of  the  authors  in  preparing  and  presenting 
their  valuable  papers.  Acknowledgment  is  made  of  the  co- 
operation of  the  Taylor  Society  in  securing  a  paper  from  one 
of  its  members  for  presentation  at  the  Scientific  Manage- 
ment session.  Last,  but  by  no  means  least,  the  Meetings 
Committee  of  the  Society  deserves  mention  for  its  continued 
good  work. 


BODY  NOMENCLATURE 


THE  following  editorial,  which  is  reprinted  from  the  Octo- 
ber, 1923,  issue  of  Autobody,  will  be  of  interest  in  con- 
nection with  the  recent  action  of  the  Passenger-Car  Body 
Division  in  approving  of  the  term  "coach"  as  a  body  designa- 
tion. An  article  outlining  the  action  taken  will  be  found 
on  p.  417  of  this  issue. 

The  National  Automobile  Chamber  of  Commerce, 
through  its  service  division,  has  suggested  to  the 
Standards  Department  of  the  Society  of  Automotive 
Engineers  that  a  standard  name  be  selected  for  the 
enlarged  coupes  put  out  by  Hudson,  Essex,  Nash  and 
others  under  the  names  of  "coach,"  "brougham," 
"carriole,"  etc.  We  do  not  know  whether  this  is  in- 
tended as  a  joke  by  the  car  builders,  or  whether  the 
service  departments  are  having  to  bear  the  brunt  of 
the  confusion  and  have  arisen  to  protest  against  the 
foolishness  of  calling  a  coupe  a  sedan,  and  vice  versa. 
If  it  is  a  protest  against  the  confused  condition  of 
our  nomenclature,  that  protest  should  be  lodged  with 
the  car  builders  whose  sales  departments  have  been 
the  chief  sinners. 

The  abolition  of  "pleasure  car"  was  a  long-drawn 
and  costly  struggle,  if  measured  in  luxury  taxes,  and 
this  old-time  offender  has  not  yet  been  completely 
estopped.  Until  the  sales  and  sales-promotion  depart- 
ments clean  house,  there  is  little  hope  of  clearing  up 
body  nomenclature. 


At  the  time  the  present  S.  A.  E.  nomenclature  was 
adopted,  no  definite  names  were  selected  for  the  so- 
called  "coach"  and  the  "close-coupled  sedan"  because  it 
was  then  felt  that  these  were  more  or  less  ephemeral 
types.  This  lack  of  leadership,  however,  has  resulted 
in  much  confusion  in  the  names  of  the  intermediate- 
sized  closed  bodies.  One  now  hears  of  "four-door 
coupes"  and  "close-coupled  sedans"  as  the  designation 
for  the  same  body,  and  as  for  the  two-door  five-passen- 
ger model,  with  individual  front  seats  and  a  rear  cross- 
seat,  it  is  called  a  five-passenger  coupe,  a  touring 
sedan,  a  brougham  and  other  names  too  numerous  to 
record. 

The  first-mentioned  type  of  body  arranged  for  four 
or  five  passengers  appears  in  a  fair  way  to  become 
the  standard  size  of  sedan  bodies.  It  is  a  mystery  to 
us  why  these  four-door  closed  models  cannot  be  satis- 
factorily designated  as  five-  or  seven-passenger  sedans. 
With  reference  to  the  two-door  models,  the  naming  of 
these  has  run  wild  for  so  long  that  there  will  be  much 
inertia  to  overcome  in  establishing  any  one  of  the 
existing  names  unless  we  adopt  "coupe"  already  used 
to  a  considerable  extent  with  a  qualifying  designation 
to  indicate  the  seating  capacity.  "Coach,"  "brougham" 
and  "touring  sedan"  would  seem  to  be  disqualified  for 
the  reason  that  these  terms  are  already  used  and 
needed  for  other  vehicles. 


THE  AMERICAN  WORKIXGMAX 


THE  American  workingman  is  better  off  today  than  he  ever 
was  before.  During  the  first  half  of  1923  increased  pay 
and  a  higher  level  of  hours  worked  resulted  in  substantially 
increasing  earnings.  The  comparatively  small  increase  in 
the  cost  of  living  for  the  same  period  materially  increased 


the  weighted  or  "real"  earnings,  which  reached  levels  well 
above  those  attained  during  the  months  of  so-called  peak 
wages  in  1920.  In  June,  1923,  the  "real,"  or  weighted, 
hourly  earnings  were  40  per  cent  above  the  1914  level  and 
the  weekly  earnings  35  per  cent  higher. — Economic  World. 
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THE   UNITY  OF  SOCIAL    INTERESTS 


SIN  lalthus  thi  ntific 

the  potential  com- 
mand of  nature.    Institution 

agriculture  >.  the  possibilities 

be  limitless.     Moreover,  the  improvements  in 
methods  of  trans:  the  time  of   Mnlthus   have 

.  thereby   facilitating   both   the   spread   of 
population  over  unsettled  areas  of  land  and  the  transporta- 
I food    products   from   the   new   countries    to   the   old, 
of  food  supply  is  pressing. 
So  influential  have  been  these  changes  that  the  Malthusian 
have  come  to  have  not  much  more  than 
a  historical  it  d  yet   it  contains   a  truth  of  funda- 

mental  importance.      The   population    is   rapidly    increasing, 
the  area  of  land  is  aid  in  the  long  run  it  is  only  by 

increasing   mastery   of  the  secrets  of  nature,   more  efficient 
methods  of  cultivation  and  a  higher  intelligence  throughout 
the  body  of  the  population  that  the  conditions  depicted  by 
can  be  averted, 
have  a  vast   area  of  land   yet  to  be  brought  under 
ation,  but  most   of  it   is  either   of   inferior  quality  or 
require  a  large  expenditure  of  labor  to  fit  it  for  use. 
n  competition  with  these  lands  that  Iowa  farms  have 
been  bringing  $200  and  $300  per  acre. 

Every  census  has  shown  a  smaller  percentage  of  our  peo- 
ple engaged   in  agriculture,  and  at  the  last  count  less  than 
third  were  actually  living  on  farms.     This  reduction  of 
the  proportion  of  the  population  upon  the  farms,  because  a 
•  r  number  are  able  to  supply  the  required  amount  of 
farm   products,  is  not  something  to  be  regretted.     A  great 
development  of  the  other  industries  has  been  made  possible 
and  has  brought  into  common  use  a  vast  number  of  comforts 
and  services  that  our  fathers  knew  nothing  of.     It  has  raised 
andard  of  living  for  the  population,  but  this  is  mainly 
because  we  have  been  able  to  spread  our  farming  operations 
over  more  land.     I  am  not  sure  that  the  yield  per  acre  on 
the  whole  has  increased,  and  to  offset  a  growing  population 
we  need   an   increased  yield   per  acre   without  higher   costs. 
I  doubt   if  the  fertility  of  the  soil  is  being  maintained.     I 
believe  that  the  quality  of  our  live  stock  has  been  improved, 
thanks  to  the  leadership  and  the  influence  of  the  agricultural 
colleges  and  the  labor  of  many  other  devoted  men  who  have 
been  identified  with  the  industry.     But  after  all  is  said,  the 
ability    of    our  agriculture  to  keep   production   up    to    the 
demands  upon  it  has  been  dependent  up  to  this  time  mainly 
upon    spreading  over   more  land,   and   that   means   to   lands 
luctive   capacity   than   those   in   use  heretofore, 
and   higher  costs  unless  we  improve  the  methods.     And  all 
experience  shows  that  it  is  a  slow  task  to  change  the  habits 
and  customs  and  raise  the  average  productive  capacity  of  a 
pie. 
know    that   the   prices   of   all    natural    products    have 
been  -re  on  a  rising  scale  even  before  the 

;J    increases    that   resulted    from    the    war. 

lencies  we  have  the  influence  of  impi 

■    made  in  the  method-  of  production  and 

-   of   invention,   of   scientific   research 

and  of  the  accumulation  of  wealth  in  the  form  of  produi 

equipment.     The   i  these   two  sets   of   influences 

nines    wl  -iety    moves    forward    or    backward. 

■•'.op  greater  harmony  and  efficiency  in  industry 

ome    after    us    an    inheritance    of 

al    equipment    greater    than    we 

I  ountry  and  left 


our   successors   with    a    greater    population    to    face    harder 
conditions  of  life  than  we  have  known  ourselves. 

There  is  more  gain  for  the  members  of  any  group  or 
class  in  promoting  the  efficiency  of  the  organization  . 
whole  than  in  attempting  to  promote  the  interests  of  their 
own  group  by  means  that  impair  the  efficiency  of  the  whole, 
There  is  a  JUSl  relationship  between  all  the  branches  of 
industry  and  business,  the  maintenance  of  which  is  worth 
more  to  everybody,  by  promoting  general  prosperity,  than 
any  special  advantage  can  be  worth. 

The  highest  state  of  prosperity  results  from  a  balanced 
state  of  industry.  We  know  that  to  obtain  the  best  results 
in  an  individual  industry  all  departments  of  the  industry 
must  be  in  balanced  relations  to  each  other;  and  so  the 
a  normal  equilibrium  throughout  industry  that  must  be 
maintained  to  have  prosperity.  All  business  in  the  last 
analysis  is  simply  an  exchange  of  goods  and  services;  and 
this  being  true,  all  branches  of  industry  must  be  so  related 
that  the  products  of  every  industry  will  be  absorbed  and 
imed  by  the  people  in  the  other  industries.  This  means 
that  their  interests,  instead  of  being  antagonistic,  are  neces- 
sarily interlocked  and  dependent  upon  each  other.  An  in- 
jury to  one  affects  them  all. 

Before  the  war  a  great  volume  of  mutually  beneficial  in- 
ternational trade  had  been  developed.  Europe  was  the  cen- 
ter of  the  world  exchanges.  It  was  constantly  receiving 
great  quantities  of  foodstuffs  and  raw  materials  from  all 
parts  of  the  world  and  paying  for  them  by  sending  out  man- 
ufactured goods.  The  war  disrupted  that  trade.  Russia 
was  an  important  factor  in  that  trade  with  Western  Europe, 
and  Russia  has  been  practically  eliminated  for  the  present. 
It  might  be  thought,  at  first,  that  since  Russia  was  the  prin- 
cipal competitor  of  the  United  States  in  the  exportation  of 
foodstuffs,  the  disappearance  of  Russia  would  be  beneficial 
to  the  farmers  of  this  Country;  but  we  know  that  our  fann- 
ers are  not  so  well  off  as  before  the  war.  That  is  because 
the  disappearance  of  Russia  as  a  market  has  injured  the 
manufacturing  industries  of  Europe,  so  that  their  purchas- 
ing power  is  less  than  before.  The  whole  situation  is  too 
disorganized  for  anybody  to  gain  by  it. 

I  think  most  of  our  troubles  are  due  to  the  fact  that  we 
have  developed  the  industrial  organization  beyond  the  under- 
standing of  the  ordinary  man.  He  does  not  know  his  own 
part  in  it;  he  does  not  realize  the  benefits  that  he  gets  from 
it;  and  you  cannot  expect  men  to  be  loyal  to  something  they 
do   not   understand. 

The  greatest  obstacle  to  social  progress  is  the  want  of 
understanding  and  of  the  spirit  of  cooperation  that  depends 
upon  understanding.  The  system  under  which  men  give 
their  lives  to  the  pursuit  of  knowledge  or  the  developn 
of  skill  in  special  lines  is  dependent  upon  the  spirit  of  co- 
operation  and  of  fair  play.     It  depends  upon   mutual   ci 

and  good  faith.     We  must  trust  each  other  or  go  back 
to  the  primitive  conditions  of  life. 

It   is  a  strange  fad   that  the  world  is  haunted  with  a   I 

of  ovei   production,  although  there  is    carcel;    a  person  in  it 

whose  wants  are  fully  satisfied   and  the  great  mass  of  the 

lie  are   in   want  of  common  comforts.     The  truth  is  that 

■n     is     inconceivable.       Unbalanced    production 

there    may    be    and    frequently   is,   this   Country   having  suf- 

I   from  it  in  the  last  2  years;  but  over-product 
cannot  be  while  human  wants  are  unsatisfied. — From  al 
drei     by  George   E.   R at  Iowa  State  College  of  Agri- 
culture. 
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TRANSPORTATION 


FOR  the  decade  ended  with  1910,  highway  transport  com- 
manded about  one-third  of  the  capital  put  into  railroads; 
in  the  decade  ended  with  1920,  it  commanded  four  times  as 
much  capital  as  railroads,  that  is,  approximately,  $16,000,- 
000,000,  out  of  a  total  for  all  transportation  of  $23,000,000,000, 
against  $4,000,000,000  for  railroads.  These  facts  indeed  chal- 
lenge attention.  Although  the  gross  railroad  investment  per 
ton  handled  has  decreased  from  about  $17  in  1880,  to  about 
$8  today,  little  reduction  has  been  made  within  the  last  20 
years,  in  spite  of  greatly  increased  traffic  and  efficiency,  a  fact 
that  seems  to  indicate  that  the  majority  of  the  new  capital 
has  gone  into  expensive  terminals,  which  is  also  indicated  by 
an  analysis  of  the  track-mileage  additions  through  the  years. 

Transportation  is  the  second  industry  in  the  United  States, 
costing,  approximately,  $50,000,000,000  to  build,  which  is 
about  twice  the  National  debt.  It  is  next  to  agriculture, 
$80,000,000,000,  and  exceeds  manufacturing,  $45,000,000,000. 
In  general  terms,  the  cost  ratio  is  approximately  2:2:1  for 
railroads,  highway  transport  and  other  agencies  respectively. 
This  great  transport  plant  has  grown  from  $14,000,000,000 
in  1900  to  $26,000,000,000  in  1910,  and  $50,000,000,000  in 
1920.  Railroads  held  the  stage  from  1900  to  1910  and  high- 
way transport  and  shipping  since  1910.  It  would  be  a  wise 
prophet  who  could  foretell  the  future  cost  of  highway  trans- 
port. 

If  all  transportation  increased  only  as  fast  as  the  railroads, 
by  1940,  $25,000,000,000  of  new  capital  will  be  required  at 
the  minimum,  with  probably  $25,000,000,000  more  for  replace- 
ments of  depreciable  property  retired.  It  is  incredible  that 
railroad  development  will  recede.  It  is  more  likely  that  other 
transport  will  advance,  so  that  these  total  figures  are  prob- 
ably much  too  conservative.  Does  not  the  fact  that  the  cost 
of  the  highway-transport  plant  has  grown  to  nearly  that  of 
the  railroads  and  possibly  40  times  that  of  inland  waterways 
construction  emphasize  the  need  of  a  broader  treatment  of 
transportation  in  the  future  so  as  to  include  not  only  the 
"arteries"  but  also  the  "heart"  and  the  "capillary  system"? 

The  traffic  of  the  Nation  has  grown  in  geometric  ratio  to 
the  population,  while  facilities  in  freight-houses,  team-tracks, 
wharves,  transit  lines  and  particularly  streets  and  roadways 
in  the  large  centers  have  increased,  if  at  all.  only  in  arith- 
metic ratio.  Thus,  railroad  tonnage  has  increased  nearly  as 
the  cube,  and  ton-mileage  nearly  as  the  fourth  power,  of  the 
population.  Terminal  tonnage  is  probably  increasing  as  the 
cube  of  the  population,  especially  in  view  of  the  growing 
proportion  of  city  population  to  the  total  in  the  Country. 
Motors,  however,  are  increasing  far  beyond  the  fourth  power 
of  the  population  and  city  motors  probably  as  fast  if  not 
faster.  Nevertheless,  in  the  majority  of  the  cities,  practi- 
cally nothing  is  being  done  to  survey  and  develop  the  capacity 
of  the  street  system  for  handling  this  enormous  flood  of 
passenger  and  freight  traffic,  for  transfer  and  city  destina- 
tion. Instead,  building  heights  are  being  forced  upward, 
which  only  intensifies  the  problem. 

The  larger  question  of  future  transport  will  undoubtedly 
focus  in  the  terminals  and  some  form  of  physical,  financial  or 
operating  unification  will  be  evolved  to  ensure  command  of 
the  transport  situation;  that  is,  terminal  evolution  in  the 
gateways  and  large  centers  offers  the  greatest  opportunity 
of  increased  capacity  and  minimum  investment  in  which 
ship,  barge,  motor  and  trolley,  as  well  as  rail,  must  each 
play  its  part.  Here,  in  a  large  degree,  lie  the  controllable 
wastes  in  transportation,  both  off  and  on  the  rail,  and  it  is 
evident  that  the  maximum  efficiency  of  the  arteries  of  com- 
merce, the  rail  lines,  can  never  be  secured  until  the  heart  of 
the  system,  the  terminals  and  their  distributing  agencies, 
are  able  to  function  as  they  should. 

Just  before  the  World  War,  a  survey  of  less-than-carload 
freight  movement  in  Chicago  showed  that  60  per  cent  was 


transferred  through  the  city  to  connecting  roads,  more  than 
half  of  it  by  trucks  using  the  down-town  business  streets  and 
less  than  half  by  trap-cars  and  freight  tunnels.  In  Cincin- 
nati, this  trap-car  freight  is  now  being  handled  between 
various  stations  by  motor  cars  with  interchangeable  bodies. 
This  points  clearly  to  the  need  of  trucking  by  pass  streets 
and  detour  routes,  avoiding  the  central  districts  and  yet 
giving  the  motor  freight  a  chance  to  reach  all  parts  of  the 
city  with  reasonable  speed.  In  Chicago,  the  first  enterprise 
of  this  kind,  known  as  the  South  Water  Street  Improvement, 
has  been  started.  This  will  provide  a  wide  double-deck  de- 
tour thoroughfare  around  the  Loop  District,  next  to  the  river 
bank,  with  high-speed  vehicles  above  and  trucks  below.  In 
addition,  it  will  provide  a  very  large  automobile  storage 
capacity  at  the  boundaries  of  the  Loop  District  for  all-day 
storage  of  business-men's  cars,  thus  entirely  avoiding  the 
terminal  congestion. 

America  has  only  one  great  long  haul  internal  waterway, 
the  Mississippi  River  and  its  tributaries,  with  its  new  canal 
connection  with  the  Great  Lakes.  Such  a  waterway  naturally 
constitutes  a  great  intercepting  trunk-line  for  through  move- 
ment in  large  units  between  strategic  rail-connecting  points. 
It  is  difficult  to  understand  how  such  a  w-aterway  system  can 
ever  become  of  the  maximum  utility  without  joint  rates  and 
through  routes  with  the  railroad  system,  due  to  the  compara- 
tively limited  littoral  that  can  be  served  by  the  waterways. 
In  the  interest  of  National  efficiency,  it  would  seem  that  all 
the  people  should  have  the  advantage  of  water  transport 
where  they  can  use  it  to  advantage.  Under  such  circum- 
stances, it  is  logic  and  justice  that  the  economies  of  water 
transport  that  will  develop  automatically  with  increased  traf- 
fic should  be  reflected  back  into  the  railroad  system  in  some 
equitable  manner  through  rates,  so  that  both  rail  and  water- 
haul  may  participate  in  these  economies. 

Outside  the  Mississippi  System,  the  Warrior  is  the  longest 
navigable  river,  not  even  excluding  the  Hudson.  This  means 
that  the  majority  of  the  inland  rivers  will  be  confined  to  local, 
or  comparative  short-haul,  tonnage  which  must  stop  at  the 
seaboard  until  the  intra-coastal  canal  system  is  developed  as 
a  water  belt-line  interconnecting  all  these  river  estuaries  with 
one  another  and  with  all  seaboard  ports  and  cities.  As  this 
whole  waterway  system  matures  and  tonnage  develops,  water 
transport  may  reveal  unlooked-for  economies,  especially  if 
it  is  linked  up  with  railroad  hauls  where  economic  conditions 
warrant. 

The  total  cost  of  developing  and  maintaining  the  inland 
waterways  of  the  Country,  excluding  harbors  and  estuaries, 
since  the  beginning  of  the  Nation's  history  is  probably  not 
more  than  one-half  of  what  the  Country  spends  in  1  year 
on  public  roads  and  will  spend  on  railroads  for  the  next  year. 
The  great  problem  of  the  collection  and  the  distribution  of 
rail  freight  rests  largely  on  the  highways.  It  costs  the  Coun- 
try as  much  to  haul  freight  to  and  from  the  railroad  as  to 
haul  it  on  the  rails  and  in  the  end  the  highways  must  trans- 
port the  greater  part.  Motor  competition  with  the  railroad 
sinks  into  insignificance  beside  the  larger  problem  of  efficient 
terminal  collection  and  delivery.  The  economic  relation  of 
long  and  short-haul  costs,  road  versus  rail,  is  rapidly  being 
developed  by  the  Connecticut  road-tests  and  other  studies 
and  will  soon  be  reasonably  well  known. 

A  better  organization  of  the  off-rail  movement  to  and  from 
the  railroads  will  soon  be  needed  to  release  the  full  line 
capacity  of  the  latter  and  enable  the  terminals  to  operate  in 
movement  rather  than  storage.  This  will  provide  a  quicker, 
turn-around,  not  only  for  ears,  but  also  for  ships  and  motors 
themselves.  It  will  provide  the  much  needed  "vacuum  pump" 
to  clear  the  terminals  more  promptly. — From  a  paper  pre- 
sented by  J.  R.  Bibbins  before  American  Society  of  Civil 
Engineers. 
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STANDARDIZATION 


STA  ..  per  se,  is  not  static;  it  is  dynamic. 

tinuoos    |  .Sizing   the    beat 

gut  and  practice  of  the  industry  or  the  art,  and  coin- 
_■  that  of  proved  lesser  quality,  utility,  or 
.'ul  and  destructive.     Standardiza- 
e  logical  outgrowth  of  constructive  effort,  it  is  the 
measure  of  progress  and  the  incentive  for  further  advance. 
For  -  has   any  one  thing  reached  a  certain   d.  - 

of  attainment  or  perfection   than   effort   is  concentrated    in, 
and  applied  to.  the  problems  of  refining,  improving  and  de- 
higher  limits  of  performance,  utility 
and  on. 

jization  may  begin  at  any  point  in  the  circle  of 
commerce.  In  some  cases  efforts  have  been  successfully 
directed  at  some  specific  features  of  the  article,  or  phase  of 
the  |  :.der  consideration  without  regard  to  the  other 

ariants.      In    other   cases    the   primary   effort   has 
-ed  on   the  elimination  of  superfluous  and  unnecessary 
arieties  in  a  common  field  of  endeavor  to  the  end 
that  all  such  extraneous  matters  may  be  disposed  of  prepar- 
atory to  intensive  concentration  of  the  varieties  remaining. 
■:■   which  course  is  first  chosen,  the  ultimate  result 
is   the   same,   for  just   as    proved   and   demonstrable    refine- 
ment causes  the  elimination  of  the  unfit,  so  does  such  elim- 
ination induce  improvement  and  advance  in  those  that   sur- 
vive. 

Managers  everywhere  are  urgd  to  apply  standardization 
as  an  effective  means  to  eliminate  waste.  Products  should 
be  standardized  consistently  with  the  progressive  develop- 
ment of  manufacturing.  Materials  should  be  standardized 
to  the  fewest  practicable  kinds,  sizes  and  grades.  The  de- 
tails of  equipment,  including  machine  and  tools,  should  be 
standardized  so  as  to  permit  the  widest  interchangeability 
and  the  maximum  usefulness  consistent  with  improvements 
in  design  and  invention. 

Manufacturers  may  well  be  interested  in  the  benefits  of 
standardization,  or  "simplified  practice,"  which  term  is  more 
truly  exp:  hile  manufacturers  are 

primarily   concerned    with    production,    continuous   operation 


>>f   their    plants    rests    on   adequate    distribution    and   si 
consumption.     Simplification,  once  started  in  any  line,  reaches 
into    all    three    fields    and    with    its    progressive    application 
brings   numerous   benefits   that  can   be  measured   in   dollars 
and  cents. 

Secretary  Hoover  has  organized  the  division  of  simplified 
practice  in  the  Department  of  Commerce  to  serve  as  a  cen- 
tralizing agency  in  bringing  producers,  distributors  and 
together  and  to  support  the  recommendations  of  these 
interests  when  they  shall  mutually  agree  upon  simplifications 
of  benefit  to  all  concerned.  Nearly  a  hundred  different  trade 
associations  are  utilizing  the  services  of  the  Division  in 
carrying  on  their  simplified  practice  program. 

To  date  paving  bricks  have  been  reduced  from  66  to  7 
sizes.  Wood  beds  and  metal  beds  now  have  one  common 
D  with  four  standard  widths  for  the  former  and  two 
for  the  latter.  The  manufacturers  of  springs  and  mattri 
favored  this  action,  and  now  their  products  are  being  made 
in  sizes  to  conform  to  the  simplified  line  of  beds.  Metal 
lath  varieties  have  been  reduced  from  80  to  12,  and  several 
other  simplifications  are  in  process  of  completion.  These 
lines  include  lumber,  bed  blankets,  milk  bottles  and  caps, 
paint,  oil  and  varnish,  containers  of  all  kinds,  automobile 
parts  and  accessories,  shipbuilding  supplies,  construction 
materials,  contractor-'  equipment,  oil-well  supplies  and  equip- 
ment and  many  others. 

Our  material  supplies  should  not  be  consumed  in  the  fab- 
rication of  wasteful  or  slow-moving  lines;  neither  should 
our  relatively  limited  labor  resources  be  applied  to  the  pro- 
duction and  the  sale  of  such  articles  or  commodities.  Nor 
should  our  already  congested  transportation  facilities  be 
further  clogged  by  the  movement  of  such  goods.  We  need 
to  make  a  greater  and  more  intelligent  use  of  existing  fa- 
cilities and  resources  toward  supplying  the  most  common 
human  wants.  By  so  concentrating  our  effort,  we  can  re- 
lease a  large  amount  of  human  thought  and  energy  toward 
the  development  of  new  arts  and  sciences,  social  betterments 
and  the  imnrovement  of  standards  generally. — R.  M.  Hudson 
in  A  merican  Indusi 


FRANCE'S  FINANCIAL  SITUATION 


IBM   than   thr«  iftcr   the  armistice,    France  has 

been   able   through   the   activity   and  the   perseverance   at 
work  pulation  to  re-establish  her  foreign  trade  and 

mic  situation. 
Wr  '         was  made,  reconstruction  of  the  d' 

11  carried  on  without  interruption.  The  follow- 
ing comparative  statement  of  destruction  suffered  and  recon- 
struc  11  indicate  to  what 

exter.  k  has  been  complel 

Lamaged,  743 

red,  1,977 

ares  3,018,000 

h ridges,   tunnels   destroyed, 

.  red,  km., 

r    damaged, 

2,849 
red,  km.,  1,960 

•ion  amounts  to  about  80  bill 

terms  of  the  Treaty 

rmany.      It   is 

'     lay  weigh   down   on   the 


financial    situation    in    France   and   will    delay   her   complete 
ery  until  a  definite  settlement  is  made;  while  to  finish 
the  reconstruction   it  will  still  be  necessary  to  raise  another 
40  billions  of  francs. 

It  is  necessary  to  emphasize,  in  making  an  analysis  of 
the  situation,  the  fact  of  the  great  power  for  saving  of  the 
French  population.  The  saving  power  is  estimated  at  some 
30  billions  of  francs  yearly;  and  such  is  the  confidence  of 
the  people  in  overcoming  the  pn  a  that  internal 

loans  issued  by  the  Government  have  always  been  absorbed 
readily.     The  total  amount  of  these  internal  loans  subsn 
during  the  war  and  after  the  war  stands  at  francs  99,791," 
000,000    for    the    consolidated    debt,    while    the    floating    debt 
amounts  to  franca  ioi  .000,000.000. 

The  economic  situation  of  a  country  bears  a  direct  influ- 
ence on  its  financial  situation.  If  the  former  is  sound  the 
r,  even  though  momentarily  embarrassed,  will  gradually 
improve  when  every  effort  tends  in  that  direction.  Th 
the  case  of  France;  and  the  material  progress  made  so  far, 
under  exceptional  and  trying  conditions,  should  justify  every 
confidence  as  to  her  ability  in  re-establishing  her  financial 
ation  as  she  has  rebuilt  her  economic  situation.— Paul 
Duran,  president  French  American  Banking  Corporation. 
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Discussion  of  Factory  Problems 

THIS  issue  of  The  Journal  contains  the  corrected  re- 
port of  the  discussion  that  followed  the  several 
papers  read  at  the  Production  Meeting  in  Cleveland  on 
Oct.  25  and  26.  Frequently  it  is  found  that  the  discus- 
sion of  a  paper  adds  materially  to  its  value,  bringing  out 
points  not  covered  by  the  author;  this  is  true  of  many  of 
the  Cleveland  meeting  papers.  The  discussion  will  prove 
interesting  reading  as  an  important  supplement  to  the 
papers  that  appeared  in  the  November  issue  of  The 
Journal.  All  the  Production  Meeting  discussion  is 
grouped  together,  starting  on  p.  473. 

Annual  Dinner  in  New  York 

ALTHOUGH  the  Annual  Meeting  of  the  Society  has 
L  been  moved  to  Detroit  for  1924,  that  great  institu- 
tion of  the  automotive  industry,  the  Society's  Annual 
Dinner,  will  be  held  in  New  York  City  as  in  years  past. 
Attracting  upward  of  1000  men,  this  function  can  truth- 
fully be  called  the  largest  formal  gathering  of  automo- 
tive men  held  during  the  year.  It  will  be  held  at  the 
Astor  Hotel  on  Thursday  evening,  Jan.  10.  E.  S.  Jordan 
has  agreed  to  take  the  helm  as  toastmaster  on  this  occa- 
sion. Men  prominent  in  public  life  will  give  inspiring 
talks  and  the  usual  atmosphere  of  good-fellowship  will 
prevail.  Application  blanks  to  be  used  in  ordering  Dinner 
tickets  will  reach  the  members  with  the  next  issue  of  the 
Meetings  Bulletin  about  Dec.  15. 

New  Detroit  Section  Office 

AFTER  Dec.  1,  the  office  of  the  Detroit  Section  will  be 
c  located  in  the  General  Motors  Building,  where  it  will 
be  more  accessible  to  the  members  and  in  a  position  to 
render  increased  service.  Members  living  in  the  Detroit 
area  are  invited  to  call  and  inspect  the  new  quarters.  A 
file  of  the  publications  of  the  Society  is  available  for 
reference  purposes,  and  the  Assistant  Secretary  who  is 
in  charge  will  be  pleased  to  supply  information  on  any  of 
the  Society  services  or  activities.  Men  seeking  positions 
will  find  bulletins  of  the  national  employment  service  of 
the  New  York  City  office  on  file  there  and  assistance  will 
be  given  in  finding  local  employment  as  well.  Car  and 
parts  companies  in  the  Detroit  district  will  find  the  na- 
tional employment  service  an  efficient  means  of  securing 
experienced  personnel.     The  New  York  City  office  main- 


tains an  intimate  contact  with  the  Detroit  office  and 
many  matters  pertaining  to  national  activities  can  be 
handled  efficiently  through  the  local  Assistant  Secretary 
in  the  General  Motors  Building. 

A  Meeting  for  Motorboat  Engineers 

ON  the  morning  of  Jan.  9,  the  Society  will  hold  its 
annual  Motorboat  Meeting  and  Luncheon  at  the 
Hotel  Commodore,  New  York  City.  This  meeting  is 
arranged  to  enable  engineers  interested  in  the  design 
of  motorboats  and  marine  engines  to  discuss  the  major 
engineering  problems  in  their  field.  It  also  offers  them 
an  opportunity  to  become  better  acquainted  with  one 
another  and  to  exchange  experience  for  the  general 
benefit  of  the  motorboat  industry.  This  date  occurs 
during  the  week  of  the  national  Motorboat  Show  in  New 
York  City.  It  is  planned  to  have  two  papers  and  a  round- 
table  discussion  in  the  meeting,  which  will  start  at  10:30 
a.  m.  The  luncheon  will  follow  at  1  o'clock  and  will  be 
concluded  with  a  brief  talk  by  one  of  the  Country's  fore- 
most motorboat  enthusiasts. 

American  Petroleum  Institute  Meeting 

OUR  members  have  been  invited  by  the  American 
Petroleum  Institute  to  attend  the  meetings  that  will 
be  a  part  of  its  convention  in  St.  Louis,  Dec.  11  to  13. 
Several  papers  will  be  read  at  these  meetings  on  different 
phases  of  the  automotive-fuel  problem.  Some  of  these 
will  be  given  by  members  of  the  Society  who  will  repre- 
sent it  on  the  program.  Results  of  the  fuel-volatility 
research  conducted  at  the  Bureau  of  Standards  under  the 
direction  of  the  Research  Committee  of  the  Society  will 
be  presented.  This  work  is  being  financed  jointly  by  the 
American  Petroleum  Institute  and  the  National  Automo- 
bile Chamber  of  Commerce.  Automotive  lubricants  also 
will  receive  consideration  in  these  meetings.  See  p.  516 
of  this  issue  for  the  divisions  of  the  program  that  are  of 
particular  interest  to  automotive  engineers. 

The  Dayton  Service  Meeting 

A  REPORT  of  the  Service  Meeting  held  at  Dayton 
on  Nov.  20  and  21  is  printed  in  this  issue  of  The 
Journal,  starting  on  p.  523.  This  meeting  was  held 
under  the  joint  auspices  of  the  Society  and  the  National 
Automobile  Chamber  of  Commerce  for  the  purpose  of 
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\nnual  Meeting  in  Detroit 

IN    all   probability   the    1924    Annual    Meeting   will    lie 
■  led  by  more  members  than  any  previous  national 

ems  likely  because  tin 

will   be  held    in   Detroit    near   the   geographical 

:    the   industry   and   will   not   conflict    with    the 

nun>  -•-.  luncht  a)  functions  and  show 

duties  that  have  demanded  so  much  of  a  member's  time 

during  tl  :      w  week.    Professional  sessions 

will  run  for  4  days  from  Jan.  Papers  are  be- 

their  informative  value  and  will  be  of  a 

high   standard.     Topics  of  current   interest    will   be  the 

only  i.    There  will  be  something  for  th< 

•  r.  the  research  engineer,  the  production  man  and  the 
All  the  latest  models  of  passenger  cars 
will  be  on  display  at  the  Detroit  Automobile  Show  during 
the  week  of  the  meeting.  Reduced  railroad  fares  from 
all  important  automotive  centers  will  minimize  the  ex- 
attendai.  I  iplete  announcement  of  the  ar- 
rangements made  to  date  appears  on  p.  530  of  this  issue. 

Discnssum  of  Section^'  Methods 

AT  the  last  meeing  of  the  Council,  the  following  were 
Lnamed  as  memb.  al  committee  to  study 

-ible  the  methods  of  procedure 
of  the  Sections:  B.  B.  Bachman,  <i  :  J.  H.  Hunt, 

T.  J.  Lit  1-     Jr.,  11.  W.  Slauson  and  John  Younger.     Con- 
siderable .  ondence   has    been    conducted    recently 
the   Sections  Committee  and   this   special   committee 
for  the  purpose  of  securing  comments  from  those  mem- 
wbo  are  specially  qualified  by  experience  to  di- 
ons  affairs. 
There  is  m>.  ment  in  favor  tablishing  the 
Section  A               .  but  not  all  of  the  Sections  favor  such 
enrollment  of  non-members  of  the  Society  as  affiliates  of 
also  a  difference  of  opinion  among 
who   have   expressed  views   on   the  matter  of   in- 
ing   the   annual    dues   of    Society    members    by    an 
amount  to  include  the  payment  of  Si  dues  by  those 
who  reside  in  the                                  D  territories.     Several 
of  tr                        .r   their   Governing   Committees    : 
amending  the  Constitution  of  the  Society  to  this  effect 
Ther                                v  little  dissension  from  the  feeling 
that  in  any  event  the  does  of  all  the  Sections  should  be 
•hrough  the  concurrently 
with  the  annual  dues  of  the  parent  organization. 

Valuable  Gear-Production  Experience 

MEMBER  gating  means  of  manu- 

running    trai  ars    will 

find  many  interesting  .its  in  the  account  of  the 

ng  of  tl  •  Section  which  is  fir 

on  p.  514  of  thi-  THE  JOURNAL.     This  meeting 

I  the 
n  that  has  been  held   by   the  Society. 
Th  of  monthly  n 


ings  of  the  Detroit  Section  that  will  be  devoted  especially 
anufacturing  problems  and  production  methods.  Over 

'-'00  men  were  in  attendance,  showing  that  the  new  step 
is  appreciated  by  the  factory  executives.  The  Section 
will  continue  its  usual  monthly  meetings  devoted  to  de- 
sign and  research  matters,  these  being  held  on  the  first 
Thursday  of  each  month  and  the  production  meetings  on 
the  third  Thursday. 

Head- Lamp    Illumination 

MEMBERS  of  the  Sections  of  the  Society  are  making 
specific  plans  to  cooperate  locally  with  automobile 
clubs,  dealers,  car-owners'  associations  and  municipal 
authorities  with  a  view  to  improving  head-lamp  illumina- 
tion conditions  as  much  as  possible,  as  soon  as  possible. 
The  Metropolitan  Section  has  designated  J.  W.  Lord  as 
the  chairman  of  its  committee.  The  Detroit  Police  De- 
partment maintains  an  adjusting  station  where  an  owner 
can  have  his  car's  head-lamps  inspected  as  frequently  as 
he  desires.  The  Detroit  Section  reports  that  the  main 
difficulty  is  to  secure  the  interest  of  the  car-owners  in 
this  matter.  It  is  clear  that  a  general  effort  should  be 
made  to  keep  the  subject  before  the  public.  Incidentally, 
:.  Detroit  ordinance  requires  that  there  be  sufficient  light 
to  discern  an  object  100  ft.  ahead  of  a  car.  In  Massa- 
chusetts, the  Registry  Department  designates  head-lamp 
focusing  stations,  a  card  being  given  to  the  driver  certi- 
fying that  his  equipment  has  been  inspected.  Secretary 
V.  A  Nielsen,  of  the  New  England  Section,  is  of  the 
opinion  that  the  assistance  of  citizens  must  be  enlisted 
in  an  effort  to  remedy  the  bad  conditions.  There  are 
obvious  limitations  on  what  can  be  done  soon  at  the  b 
The  full  cooperation  of  all  members  of  the  Society  locally 
ught  and  they  are  requested  to  write  the  office  of  the 
Society  expressing  their  views  as  to  what  means  would 
be  most  effective. 

What  About  Highways? 

ARE  the  design  and  construction  of  highways  keeping 
Lpace   with   the   increased   demands?      However   this 
t  ion  may  be  answered,  it  is  certain  that  efforts  are 
being  made  to  bring  the  matter  to  a  favorable  issue. 

An  account  of  the  recent  session  of  the  Advisory  Board 
on  Highway  Research  of  the  National  Research  Council 
will  be  found  in  this  number  of  The  Journal.  From  the 
discussion  that  took  place  at  this  session,  it  was  obvious 
that  the  numerous  cooperating  organizations  are  making 
valuable  contributions  toward  the  betterment  of  pre 
conditions  and  toward  the  solution  of  problems  that  have 
a  bearing  upon  future  requirements. 

One  of  the  most  important  of  the  highway  researches 
now  in  progress  in  which  the  Society  is  cooperating  is 
thai  sponsored  by  the  Bureau  of  Public  Roads;  the  plans 
were  briefly  outlined  in  the  September  issue  of  THE 
JOURNAL.  This  project,  it  is  hoped,  will  bring  forth  new 
material  relating  to  the  effect  of  the  vehicle  on  the  road 
and  vice  versa.  Furthermore,  it  is  probable  that  the 
will  reveal  interesting  fai  i  concerning  the  destruc- 
tive effed  of  the  road  upon  itself  as  determined  by  the 
ee  of  smoothness  of  its  surface.  This  is  undoubtedly 
a  much  greater  factor  than  has  been  recognized  hereto- 
fore. 

At  the  Nov.  9  meeting  of  the  cooperative  committee  in- 

•ed  in  this  research,  a  report   showing  progress  in 

preliminary  work  was  presented.     A  steering  committee 

of  three  was   appointed    to  assist  in   deciding   technical 

questions    without   necessitating   the   assembling  of  the 

Dr.  H.  C.  Dickinson,  research  mana- 

ociety,  was  chosen  to  act  on  this  committee. 
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Spring-Movement  and  Vibration  Study 

of  Cars  in  Action 


By  T.  J.  Litle.  Jr.1 


Indiana  Section  Paper 


Illiittnitfil  with  Drawings  and  Charts 


PREVIOUS  efforts  to  obtain  comfortable  riding- 
qualities  for  passenger-carrying  automobiles  are 
mentioned,  and  a  device  that  combines  a  recording 
seismograph  and  a  spring-action  recorder  is  illustrated 
and  described,  since  such  a  device  is  essential  in  con- 
ducting investigations  of  this  character. 

Methods  governing  the  use  of  the  device  when  study- 
ing spring  action  and  chassis  vibration  are  outlined, 
and  the  results  obtained  are  presented  graphically  and 
discussed.  Several  unique  features  characterize  these 
tests  and  are  worthy  of  consideration,  not  only  because 
of  the  results  obtained  thereby  but  as  being  good  illus- 
trations of  what  can  be  accomplished  by  substituting 
unusual  and  perhaps  spectacular  methods  in  special 
instances  for  ordinary  practice  that  has  failed  to  pro- 
duce some  desired  result. 

IN  designing  for  comfortable  riding  in  motor  vehicles 
many  difficult  problems  are  met  that  have  been  with 
us  many  years  and  I  believe  are  only  partly  solved. 
I  will  not  refer  to  historical  installations  and  drag  you 
through  the  long  development  from  the  ox-cart  to  the 
automobile,  but  will  simply  refer  to  modern  installations 
and  the  means  that  I  have  employed  for  determining  and 
selecting  the  proper  equipment. 

The  early  automobiles  traveled  more  slowly  and  the 
problem  was  not  then  so  difficult;  but  now,  with  greatly 
increased  speed  and  the  more  exacting  demands  of  an 
educated  public,  we  are  compelled  to  pay  greater  atten- 
tion to  riding  comfort.  In  addition,  we  have  increased 
the  touring  range  of  our  cars  very  much.  It  is  common 
at  present  to  hear  of  owners  who  travel  400  miles  or 
more  in  a  single  day,  with  the  larger  cars;  and  they  de- 
mand that  they  should  be  able  to  accomplish  this  with- 
out being  temporarily  crippled.  The  difficulty  was  that, 
when  the  more  powerful  engines  were  installed  in  cars 
to  give  them  higher  touring-speed,  many  builders  re- 
sorted to  the  practice  of  using  very  much  stiffer  springs. 
This  unquestionably  made  the  cars  harder-riding.  Then 
came  a  period  when  the  tops  were  given  more  headroom 
to  increase  the  safety  factor;  to  prevent  the  passenger 
from  having  his  brains  dashed  out  on  the  bows  im- 
mediately above  the  seats. 

The  next  logical  step  was  the  development  of  devices 
to  restrain  the  violent  rebound  and  excessive  spring- 
action.  Some  of  these  devices  were  effective,  but,  at  the 
same  time,  by  simply  retarding  the  spring  action,  had 
the  effect  of  stiffening  the  springs,  approaching  nearer 
the  goal  that  some  engineers  seemed  to  be  aiming  for, 
namely,  to  give  the  automobile  all  the  riding  advantages 
of  a  truck.  In  work  of  this  character,  which  naturally 
is  done  in  the  experimental  department  and  directed  by 
the  officials  and  by  the  entire  engineering  department, 
great  differences  of  opinion  exist.  While  in  charge  of 
such  a  department,  I  made  up  my  mind  that  the  old  cut- 
and-try  methods  and  the  vague  reports  made  concerning 

Lincoln    division,    Ford    Motor    Co.. 


1  M  S.A.E. — Chief    engineer, 
Dearborn.  Mich. 


Fig.     1 — Sketch    of    Recording    Seismograph    and    Spring-Travel, 
Deflector 

certain  road-tests  were  perfectly  foolish.  Usually,  a  man 
forgets  an  impression  received  from  this  kind  of  a  test, 
or  becomes  easily  confused  after  going  through  several 
tests  and  then  hopelessly  muddled.  All  this  goes  to 
show  that  some  kind  of  a  measuring  instrument  and 
recording  device  is  essential  in  such  an  investigation. 

Measuring  and  Recording  Devices 

After  considerable  preliminary  work  a  device  was  con- 
structed that  combined  a  recording  seismograph  and  a 
spring-action  recorder;  it  is  illustrated  in  Fig.  1.  With 
this  device  the  attachment  is  made  with  the  axle  by  a 
cord  running  over  pulleys  to  the  instrument  that  rests 
upon  the  car  floor.  A  reciprocating  motion  is  imparted 
to  a  light  sliding  member  that  carries  a  stylus  which 
makes  a  record  on  a  moving  strip  of  paper.  The  parts 
are  all  made  extremely  light.  A  thin  braided-silk  fishing- 
line  was  used,  and  the  sliding  member  was  made  of  a  thin 
strip  of  spruce.  Combined  with  a  recording  instrument, 
and  making  its  record  on  the  same  sheet,  was  a  seismo- 
graph consisting  of  a  small  weight  attached  to  a  thin 
leaf -spring  that  also  wTas  provided  with  a  stylus.    Typical 
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tal   line. 

Testing  Methods 

.ment  had  been  placed  in  a  car,  a  road 
:ng  purposes  and  subsequent   tests 
I  of  driving  the  itedly   over  the   same 

On  the  first  trip,  in  a  a 
arging  powdered  lime  was  arrai 
the  left  rear-  that  the  car  couli 

he  same  course  in  subsequent  trips.    During 
the  trip,  an  observer  was  employed  to  make 
notes  continuously,  directly  on  the  recording  strip.    1 

•  d  of  recording  any  comments  of  the  pas- 

seng  —11  as  the  condition  of  the  road  and,  if  the 

.-  changed  purposely  during  the  test,  a  mark 

••  the  point  of  the  change.     When 

the  car  bumped  its  axle,  as  was  occasionally  the  case  in 

-  noted  and  later  led  to  a  change  in 

the  form  of  the  axle  bumper. 

The  device  I  have  described  precision  instru- 

ment in  any  sense  of  the  word,  but  it  proved  extremely 
valuable  to  the  experimental  department.  I  found  the 
e  very  useful  in  studying  the  action  of  car  springs, 
shock-absorbing  devices,  large-section  tires  and  body 
mounting  on  cha- 

Study  of  Sprin 

In   the  study  of   springs,   I   determined  that  the   use 

of  a  bundle  consisting  of  a  large  number  of  thin  leaves 

tapered  ends  actually  gave  better  results  than  a 

spring  built-up  with  a  smaller  number  of  thick  lea 

with   the  ends  dubbed   off  square.      In  one   high-priced 

I  settled  upon  the  spring  containing 

.lar  production.     The  theory  governing 

the  use  of  a  large  number  of  spring  leave-  is  that: 

.   h  a  composite  spring,  built-up  of  a  number  of 
thin    spring-!  .-h    having   a   different   pe- 

riod, will  be  in  itself  dead-beat.     In  my  opinion 
ear  springs  selected  should  contain  as  many 
thin  leav.  :ble  to  use 

In  addition  to  thi-  period  interference,  we  have 
the  increased  inter-leaf  friction;  and  this  is  ex- 
tremely desirable 

'    r   insulation   against   shock    is   provided;    for. 
the    man  and    the    more    oil-films    in    the 

<  k-conducting    path,   the    more   efficient   they 
will  be  as  shock  insula' 

for  the  recording  n  the  design 

of   the    rubber   bumper    on    the    axle.      When    simp. 

lindrical    block   of   rul  used,  a   re- 

bounding thud   when   the   body   struck   the  bumper  was 

bumper 
•uilt-up  too  rapid.  ted  on  the  graph  that 

taken  dm  'he  form  of  this  bumper 

:.e  having  a   point  .on.     In  this 

form  at  the  time  of  impact,  which  resulted 

in  a  .   built-up  more  gradually 

than  in  a 


Shock-Absorbing  Dbvk 

The  device  is  particularly  valuable  in  the  study  ol 
shock-absorbing  devices,  for  such  devices  must  be  em- 
ployed to  prevent  excessive  rebounding.  Many  of  the 
simple  friction  devices  in  use  today  unquestionably  affect 
the  rebound  in  the  car  but  they  have  a  great  tendencj  to 
stiffen-up  the  ride.  In  some  cases,  they  give  very  much 
the  same  effect  as  would  be  obtained  if  heavier  springs 
Were   USI 

-  eral  of  the  hydraulic  types  of  shock-absorber  were 
studied  also,  and  it  was  during  this  investigation  that 
an  important  development  occurred.  It  had  been  repeated- 
ly observed  that  a  dashpot  used  to  restrain  the  rebound  of 
the  Spring,  in  much  the  same  manner  that  a  dashpo 
used  on  a  door  to  prevent  it  from  slamming,  was  very 
ive.  particularly  to  enable  the  car  to  be  driven 
rapidly  over  a  rough  road.  But  with  all  of  these  devices, 
it  was  noticed  also  that  soft  riding  qualities  over  the 
city  streets  and  the  good  concrete  roads  had  been  sacri- 
ficed. We  decided  that  what  was  needed  was  a  selective 
shock-absorber  that  would  lie  cut-out  of  action  auto- 
matically on  the  comparatively  smooth  roads  and  city 
streets  but  lie  brought  into  use  on  the  rough  roads.  This 
would  allow  the  use  of  the  softest  and  most  flexible 
springs.  Such  instruments  were  then  designed.  Sub- 
proved  that  the  conclusions  drawn  from 
the  readings  of  the  recording  instrument,  as  shown  in 
2  and  .'!,  were  correct  and  the  car  .'quipped  accord- 
ingly in  production,  in  combination  with  the  use  of  the 
car  springs  containing  a  bundle  of  many  thin  leaves,  is 
remarkably  easy-riding. 

S  ii  ov  ok  Tires 

The  next  important  research  made  with  the  instru- 
ment was  in  connection  with  the  study  of  large-section, 
low-air-pressure  tires.  This  most  interesting  develop- 
ment promises  to  be  of  great  commercial  value.  In  this 
ease,  the  primary  record  on  the  graph,  the  one  indicating 
the  relative  action  between  the  axle  and  the  body,  was 
very  much  diminished;  that  is,  the  unsprung  mass  made 
up  of  the  axle,  wheels  and  the  like,  had  very  much  less 
location,  the  consequent  steadying  action  on  the 
tiger  load  being  indicated  by  the  recording  seismo- 
graph. This  is  accounted  for  by  the  fact  that  the  low- 
air-pressure,  large-section  tire  does  not  bound  over  and 
is  not  elevated  by  the  ordinary  inequalities  of  the  road 
surface,  for  it  is  a  fact  that  small  stones  and  ridges  in 
the  road  actually  imbed  themselves  in  the  softer  tire. 
When  considered  purely  from  the  standpoint  of  I 
riding,  these  tires  are  a  great  success.  Some  problems 
remain  to  lie  solved  in  connection  with  their  use  on  pas- 
senger cars.  One  of  them  is  the  increased  steering 
effort  required;  I  believe  that  will  be  solved  in  the  near 
future  by  those  who  are  specializing  on  steering-gear 
developmi 

In  the  use  of  these  large  tires  considerably  more  bound- 
ing action  in  the  front  suspension  occurred;  and  it  was 

lutely    necessary    to    apply    shock-absorbers.      Some 

attempts  were  made  to  support  the  instrument  on  the 

seat  cushions  by  strapping  it  in  position,  but  this  attempt 

to  simulate  the  passenger  and  exactly  record  his  riding 

•ions  was  not   altogether  successful  because  a  pas- 

•  r  relaxes  more  or  less  while  riding  and  the  instru- 
of  course   doe-    not    have   that  faculty.     I   believe, 
however,    that    the    instrument   must    be    adapted   even- 
tually to  record  the  riding  qualities  from  the  seat  cushion, 

ise  cushion  springs  perform  an  extremely  important 
function   in   producing  easy   riding.     When  the  rebound 
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Fig.   2 — Vibration   Chart  without  Shock-Absorbers 


can  be  diminished  greatly  by  efficient  shock-absorbing 
devices,  very  much  softer  cushion-springs  can  be  em- 
ployed. I  have  thought  many  times  that  a  cushion 
spring  should  unquestionably  be  built  or  provided  with 
some  rebounding  dampener,  but  I  know  of  nothing  of  the 
kind  that  has  been  suggested  that  is  not  either  extremely 
foolish  or  unnecessarily  trappy. 

Engine  Vibration 
Engine  vibration  and  its  consequent  effect  on  the 
chassis  and  body  cannot  be  studied  so  well  with  this  in- 
strument. I  have  found  a  vibration  tachometer  to  be 
extremely  useful  in  this  connection.  It  is  of  the  type 
containing  a  series  of  vertically  disposed  spring  leaves 
supported  at  the  lower  end  and  provided  with  small 
weights  at  the  upper  end,  and  is  very  effective.  By 
simple  calibration,  the  periods  of  each  reed  can  be  deter- 


mined and,  later,  when  the  engine  is  running  and  one  of 
the  reeds  is  seen  to  break  into  vibration,  a  clue  is  thus 
given  to  the  offending  member  in  the  engine  that  sets- 
up  the  vibration.  During  the  early  development  of  one 
powerplant  an  extremely  annoying  vibration  was  en- 
countered and  the  tachometer  reading  led  observers  to 
suspect  an  out-of-balance  condition  due  to  too  great 
reciprocating  weights  in  the  pistons  and  the  rods.  The 
management  was  extremely  skeptical  in  this  case,  par- 
ticularly as  to  the  accuracy  of  such  an  apparently  simple 
instrument.  I  attended  one  conference  at  which  it  was 
proposed  to  investigate  the  subject  experimentally  in 
various  alternative  ways. 

(1)  It  was  suggested  that  the  vibration  might  be  tor- 
sional vibration  in  the  crankshaft,  and  a  heavier 
crankshaft  was  to  be  constructed 
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Fig.  3 — Vibration  Chart  with  Shock-Absorbers 
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dampen.  lied  on  the 

-ankshaft 

•lg  a  distributor  at  the 
and  an  oil-pump  at  the  bottom   •  .-ted 

r,  and  a   larger  and  stiffer 

:'an    might   be  out-of-balance  and   was   to   be 
ited 

:    drive-chain    might    itself    get    into 

.  rtain  periods 

ifl  on  the  side  of  the  engine  that 

•he   water-pump  and  the  generator,  run- 

sT    at    approximately    l'-j     times    the    engine 

-uspected.     This  was  to  be 

and  a  larger  and  perfectly  balanced 

par  .:ed 

pistons   were   thought   to   be   too   heavy.      At 
that  time  they  were  made  of  cast-iron  and  « 
extremely    heavy.      These   were    to    be    replaced 
aluminum   pistons,  although  this   kind  of   a 
change    met    great    antagonism    from    the    older 
engineers 
The  connecting-rods  might  be  too  heavy,  but  any 
•  ning  of  them  was  opposed  strongly 
jmber  of  other  minor  details  were  enumerated 


Vibration  Tests 


To   have    determined    experimentally    just    where    the 
trouble  1:  'rying  out  all  the  suggestions  made  at 

the   conference   would   have   consumed   at    least    several 
d  a  quick  decision  was  imperative.    I  had  a  very 
different   plan.     The  next  morning   I   had   a  closed   car 
towed  behind  a  test  chassis  and,  riding  in  the  rear  car 
and  letting  in  the  clutch  in  high  gear  with  the  ignition 
cut-off,  I  noted  that  the  vibration  occurred  at  exactly  the 
same  periods  and  the  same  car-speeds  as  those  at  which 
it  occurred   when   the  engine   was   running   under   own 
power.     I  then  disconnected  one  moving  part  after  an- 
other from  the  engine  until  nothing  was  left   in  motion 
lie  crankshaft,  rods  and  pistons;  but  the  vibra- 
ted, even  after  relieving  the  compression  by 
comi  moving  the  cylinder  heads.     This  indi 

deration  was  du>-  recipro- 

cating weight. 

miformly    from   each 

ibration  liecame  negligible;  the  weight 

t  of  the  former  weight. 

hat  aluminum  pial  d  be 

.     within     this     range.      When 

aluminur  the  car  was  run 

en  power,  a  very  smooth-running  job 
tain 

n  with  the  construc- 


tion oi  the  first  closed  bodies  in  production,  it  was  found 
that  a  very  annoying  and  almost  deafening  drumming 
vibration  occurred  at  certain  distinct  periods,  This  car 
was  built  with  a  metal  root"  that  was  indeed  a  work  of 
art  and  was  greatly  cherished  by  the  body  designer. 
But,  notwithstanding  the  fact  that  this  great  diaphragm 
member  of  the  body  was  so  strongly  suspected  by  many  of 
the  engineering  staff,  the  management  felt  very  uncertain 
about  the  diagnosis.  I  remembered  a  very  interesting 
periment  at  college  during  the  first  year  of  the  physics 
course,  in  the  study  of  sound  phenomena.  That  was 
the  one  graphically  representing  the  vibration  on  a  plate 
by  sprinkling  sand  upon  the  surface  and  vibrating  the 
plate  by  drawing  a  violin  bow  over  its  edge.  The  plate 
being  thus  set  into  vibration,  a  distinct  design  was  pro- 
duced by  a  rearrangement  of  the  sand  particles,  the  nodes 
and  anti-nodes  appearing  in  great  contrast.  Recalling 
this.  I  sprinkled  sand  all  over  the  metal  top  on  this  closed 
car  and,  at  certain  engine  speeds,  a  design  was  shown  in 
a  most  striking  manner  at  three  points  on  the  top.  as 
reproduced  in  Fig.  4.  The  management  was  thus  shown 
that  we  had  a  most  efficient  and  sympathetic  diaphragm 
on  the  top  of  this  body  which  made  the  whole  structure 
a  wonderful  resonator.  It  was  suggested  that  the  top  be 
replaced  immediately  with  a  top  of  soft  construction. 
However,  this  suggestion  was  not  carried  out  imme- 
diately, as  the  management  wished  to  know  whether  it 
would  not  be  possible  to  dampen  out  the  vibration  at  the 
anti-nodes.  I  built  some  experimental  equipment  con- 
sisting of  a  series  of  weights  placed  on  the  underside  of 
the  metal  top  at  these  points,  by  cut-and-try  methods. 
The  vibration  was  not  absorbed  until  55  lb.  of  weight  had 
been  applied  to  the  top.  To  apply  so  much  weight  to  a 
thin  top  would  be  absurd,  of  course.  These  weights, 
furthermore,  had  to  be  very  rigidly  attached;  otherwise 
they  themselves  would  set-up  an  additional  rumble  by 
impact.  The  foolish  scheme  of  the  hard-top  construction 
was  abandoned. 

Still  another  interesting  method  of  detecting  vibration 
lists  of  placing  a  beaker  of  gasoline  at  various  points 
along  the  top  flange  of  the  side-bar.     Gasoline  and   not 
r  must  be  employed  for  this  purpose.    When  placed 
e  the  anti-nodes  on  the  bar,  the  surface  of  the  gaso- 
line will  break  into  violent  vibration.     In  some  cases  the 
liquid   will   become  so  agitated  that   drops  actually  will 
jump  out  of  the  top  of  the  beaker,  as  shown  in  Fig.  5. 
These  locations   on   the   bar  can   then   be  charted;   they 
indicate  clearly  points  at  which  the  body  bolts  should  not 
be  attached.   Tlie  Its  must  be  located  at  the  nodes 

or  th.-  part-  of  the  bar  that  are  in  repose. 
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Fig.   5— Side  View  of  the  Chassis  Showing  Beakers  of  Gasoline  Placed  at  Anti-Nodes  on  the  Side  Bar 


I  mention  these  things  merely  to  show  that  the  en- 
gineer sometimes  must  be  resourceful  in  selling  his 
conclusions  to  the  management.  I  believe  that  you  en- 
gineers have  many  problems  of  like  nature  and  that 
frequently  you  do  not  use  enough  common-sense  in  their 
solution.  I  am  a  great  believer  in  "hob-nobbing"  with  the 
practical    men    in    the    shop,    and    have    obtained    many 


valuable  ideas  from  them;  but  the  men  have  to  be 
"drawn-out,"  and  considerable  tact  is  required  in  doing 
this.  I  know  that  many  engineers  will  disagree  with  me 
as  to  the  way  I  approached  the  problem  of  the  engine 
having  excessive  vibration,  but  I  believe  that  spectacular, 
convincing  methods  are  absolutely  necessary  at  times  to 
accomplish  one's  purpose. 


MARKETING  OF   AGRICULTURAL  PRODUCTS 


I  AM  skeptical  as  to  the  possibilities  of  very  great  gains 
to  the  growers  of  wheat  and  cotton  from  the  efforts  to 
make  a  wholesale  substitution  of  new  cooperative  market- 
ing organizations  for  the  existing  machinery  of  the  grain 
and  cotton  trades.  An  immense  volume  of  capital  is  already 
employed  in  the  existing  machinery  and  to  duplicate  it  would 
cost  a  vast  amount.  Whether  agriculture  can  afford  to  build 
up  elaborate  and  expensive  machinery  to  do  work  that  is 
already  reasonably  well  done  is  a  grave  question.  Another 
grave  question  is  whether  newcomers  in  the  field  could  pos- 
sibly duplicate  the  accumulated  knowledge  and  experience 
of  the  men  now  in  the  trade  except  as  they  take  over  ex- 
perts now  employed  in   the  trade. 

In  general,  it  would  be  well  for  those  contemplating  co- 
operative organization  to  study  closely  the  existing  machin- 
ery of  the  trade,  and  see  how  far  it  is  necessary  to  duplicate 
it.  In  some  cases,  a  cooperative  might  function  for  very  lim- 
ited purposes,  taking  care  merely  of  certain  local  problems, 
and  get  much  better  service  from  reputable,  established 
trade  organizations  for  the  rest  of  its  business  than  it  could 
possibly  get  through  an  amateur  organization  of  its  own. 
In  other  cases,  the  existing  trade  machinery  may  be  so  un- 
satisfactory that  it  is  necessary  to  replace  it  entirely.  But 
trade  relations,  trade  knowledge,  expert  experience,  personal 
contacts,  good-will,  long  standing  relations  with  businesses 
and  organizations  in  foreign  countries,  all  these  things  take 
time,  money  and  thought  to  build.  They  should  not  be  lightly 
thrown  away.  They  should  not  be  recklessly  duplicated. 
It  is  better  to  use  the  existing  machinery  as  far  as  possible. 


One  of  the  merits  of  the  present  tendency  in  cooperative 
marketing  is  that  it  has  divorced  itself  largely  from  fra- 
ternal and  political  purposes  and  that  it  offers  itself  to  the 
farmer  as  a  business  proposition,  to  study  it  in  each  case  on 
its  merits  as  a  business  proposition  and  not  to  allow  himself 
to  be  stampeded  by  revival  enthusiasm  or  political  excite- 
ment into  accepting  it,  unless  a  careful  analysis  of  cold  fig- 
ures shows  that  it  really  will  pay  better  than  some  slighter 
modification  of  existing  practices. 

The  worst  possible  thing  that  could  happen  to  the  wheat 
industry  is  that  organization  of  a  holding  pool  of  such  finan- 
cial power  that  it  could  successfully  carry  200,000,000  bu. 
through  the  current  crop  year  and  into  another  crop  year, 
with  a  concomitant  increase  in  the  price  for  wheat  during 
the  coming  year.  Production  of  wheat  throughout  the  world 
would  be  enormously  increased  and  the  markets  would  be 
utterly  swamped  in  the  following  year.  A  more  probable 
result  of  such  an  attempt  would  be  a  temporary  increase  in 
price  and  holding  back  of  American  wheat  from  the  world's 
markets,  while  Canada,  Argentina  and  Australia  marketed 
their  supply,  and  then  a  collapse,  before  the  year  was  over, 
in  the  holding  movement,  with  greatly  demoralized  prices  of 
American  wheat  that  had  lost  its  export  market.  The  move- 
ment might  last  long  enough  to  lead  to  increased  planting  of 
winter  wheat  during  the  coming  autumn.  It  is  characteristic 
of  a  policy  of  this  sort  that  its  temporary  success  necessarily 
involves  a  long-run  disaster,  since  unorganized  producers 
are  greatly  influenced  by  price  in  the  volume  of  their  plant- 
ing and  output. — B.  M.  Anderson,  Jr.,  Chase  National  Bank. 
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The  Application  of  the  Diesel  Engine 
to  the  Yachting  Field 


M  boat  Meetixi     Papeb 


By  Geohgb  A.  Col  u  i l 


HL'LL    characteristics,     including    dimensions,    dis- 
placement, speed  and  seagoing  qualities;  cruising 
radius;  probable  annual  mileage;  first  cost;  and  oper- 
•:    axe    the    principal    factors    governing    the 
table  type  of  powerplant  for  marine 
The    paper   considers   them   with    reference   to 
-    special    influence    upon    the    application    of    the 
Diesel  engine  to  vac 

The    question    of    making    a    Diesel    installation    is 
analyzed   from  an  economic   standpoint,  and  the   rela- 
r   the   various   powers   available 
yacht  usage  are  specified.     Fuel  consumption,  reli- 
ability and  other  features  of  the  Diesel  are  diseu- 

ther  with  a  brief  mention  of  present  Diesel  instal- 
lations  and   auxiliary  equipment,  the  conclusion  being 
that  the  Diesel  engine  offers  great  possibilities  of  ad- 
vantages over  those  of  other  engines  for  yachts  of  the 
nial  cruising  type. 

THE  purpose  of  this  paper  is  to  cover  the  present 
application   of  the   Diesel  engine  to  the  yachting 
field,  and  to  show  wherein  such  application  can  be 
to  the  best  advantage.    Although  the  Diesel  engine 
is  by  no  means  a  "cure-all"  for  the  yachtman's  machinery 
problems,   for  certain   classes   of   yacht,    its    installation 


greater  or  less  extent  in  each  design,  and  each  installa- 
tion is  a  separate  problem  to  be  judged  on  its  own  merits. 
Diesel  equipment  available  up  to  the  present  time  limits 
the  hull  size  to  a  minimum  of  about  60  ft.,  although  there 
is  every  indication  that  this  minimum  will  be  reduced. 
The  upper  limit  of  size  has  not  as  yet  been  reached  as 
power  units  large  enough  to  handle  the  maximum  de- 
mands of  the  present-day  yacht-owner  are  available. 

Speed  probably  is  one  of  the  first  characteristics  that 
must  be  considered.  When  a  speed  of  over  12  knots  is 
desired  in  the  smaller  seagoing  yachts,  and  more  than 
say  16  knots  in  the  larger  ones,  the  use  of  Diesel  engines 
is  usually  not  advisable.  It  is  then  wise  to  go  to  the 
lighter,  more  compact  gasoline  units  of  greater  power, 
to  high-speed  reciprocating  steam-engines  or  to  turbine 
units  with  water-tube  boilers.  The  speeds  noted  above, 
however,  are  ample  for  all-round  cruisers  of  moderate 
dimensions,  the  larger  seagoing  yachts  or  the  full- 
powered  auxiliary.  The  reasons  for  the  above  speed 
limitations  are  that  the  weights  per  horsepower,  ranging 
from  85  to  190  lb.  depending  on  the  engines  selected, 
raise  the  total  hull-weight  to  such  an  extent  that  greater 
speeds    are    not    desirable    nor    in    most    cases    possible. 


TABLE    1 — RELATIVE    FUEL-CONSUMPTION    AND    COST 


Type  of  Prim'-M 
1  Engine 

line  Engine 

Stean.  -<1  Boilers 

Triple   Kxpan?ion 
Reciprocating  Engines 

Steam :  Coal  Jired  Boilers 
Triple   Expansion 

ring  Engines 

Steam:  Oil-Fir. 
'1  Turbines 


Fuel  Used 

Average 
Fuel  Cost 

Fuel  Con- 
sumption 
per  B. Hp-Hr. 

Fuel  Cost 
per  Hr. 

Fuel 

Cost  per 

1000  Hp-Hr 

Fuel  Oil 

._,._,,,,    _, 

deg.  Baume 

$0,050  per 
gal. 

0.4501b. 
0.060  gal. 

S0.00300 

$3.00 

Gasoline 

$0,230  per 
gal. 

0.800  lb. 
0.114  gal. 

$0.02620 

$26.24 

Fuel  Oil 

1 4  to  24 

deg.  Baume 

$0,040  per 
gal. 

1.300  lb. 
0.170  gal. 

$0.00680 

.  $6.80 

Coal 

$8.00  per  tun 
$0,004  per  IK. 

1.8001b. 

$0.00720 

$7.20 

Fuel  Oil 

14  to  24 

deg.  Baume 

$0,040  per 
gal. 

1.2001b. 
0.166  gal. 

$0.00624 

$6.24 

offers  ad  r  to  those  of  any  other  form 

of  propulsion,  and  definite  qualifications  usually  de- 
termine the  suitability  of  this  type  of  powerplant  for 
mar.  The  \  I  ag  the     ■ 

tion  of  -  i)    holl  chara 

placement,    speed    and 

.ng   radius,    (c)    probable 

•  i  ating 

Allied  to  all  •  11  be  the  type  <>f 

in  which  the  yacht  is  to  be  used. 

These    determining    features    are    interlocking    t«,    a 

Y<.rk  City,  eastern  dl«- 
■cm  Engine  Work».  Cleveland. 


Likewise  the  greater  over-all  engine  dimensions  have  a 
similar  limiting  effect  when  compared  with  high-speed 
gasoline-engine  installations. 

Costs 

From  an  economic  standpoint  the  items  of  first  cost, 
operating  period  per  season  and  operating  cost,  determine 
whether  the  Diesel  installation  should  be  preferred.    The 
i. Iterating  figures  for  the  various  powers  avail- 
able for  yacht  use  are  given  in  Table  1. 

Lubrication  charges  against  the  Diesel  engine  average 

about  1  gal.  per  1000  hp-hr.,  which  is  about  25  per  ceni 

than  the  average  lubricant  consumption  by  gasoline 
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engines.  Lubrication  costs  on  steam  installations  are 
low,  but  are  more  than  offset  by  the  cost  of  stand-by 
charges,  which  in  some  cases  run  up  to  25  per  cent  of  the 
total  fuel  charges.  With  present  Diesel-engine  prices 
averaging  between  $75  and  $85  per  hp.  and  gasoline- 
engine  prices,  for  engines  capable  of  operating  in  the 
same  service,  ranging  from  $35  to  $50  per  hp.,  fuel  oil 
at  5  cents  per  gal.  and  gasoline  at  23  cents  per  gal.,  it 
is  possible  to  determine  the  minimum  number  of  operat- 
ing hours  that  will  warrant  an  owner  installing  Diesel 
machinery. 

Assuming  certain  fixed  charges  against  each  installa- 
tion per  year,  such  as  interest  on  initial  investment,  de- 
preciation, insurance  and  maintenance,  which  will  total 
about  20  per  cent  of  the  initial  cost,  and  adding  to  these 
items  the  operating  charges  per  year  with  varying  hours 
of  operation,  a  true  comparison  can  be  made.  Calcula- 
tions of  this  nature  have  been  worked  out  on  several 
installations  during  the  past  2  years  and  show  that,  as 
between  the  gasoline  and  the  Diesel  engine,  the  maximum 
economical  operating  period  for  the  gasoline  unit  is 
from  300  to  500  hr.  per  season.  With  steam  units,  the 
same  method  of  comparison  can  be  used  and,  figured 
entirely  from  the  standpoint  of  economy,  the  cruising 
period  necessary  to  warrant  Diesel  installation  would 
extend  to  between  750  and  850  hr. 

Fuel  Consumption 

From  the  fuel-consumption  comparison  given  in  Table 
1  it  will  be  seen  that,  for  a  given  cruising-radius,  the 
gasoline-driven  yacht  requires  practically  twice  the 
weight  of  fuel  necessary  for  the  Diesel-driven  yacht ;  that 
the  oil-fired  steam  unit  requires  about  three  times  and  the 
coal-fired  steam  unit  more  than  four  times  the  weight  of 
fuel.  In  the  case  of  the  gasoline  yacht,  this  additional 
weight  feature  practically  balances  the  saving  in  engine 
weight  over  that  of  the  Diesel  unit.  The  cubic  capacity 
of  the  additional  fuel  also  tends  to  balance  the  greater 
size  of  the  Diesel  engine. 

As  against  the  steam  installation,  however,  the  dif- 
ference in  weight  and  in  volume  is  greatly  in  favor  of 
the  Diesel  engine.  Steam-operated  craft  require  a  large 
quantity  of  boiler  feed-water  which,  of  course,  is  entirely 
eliminated  from  the  Diesel  unit.  This  allows  the  de- 
signer to  either  decrease  the  displacement  or  increase 
the  fuel-storage  and,  correspondingly,  the  cruising-radius. 
Steam  installations,  in  addition,  operate  under  the  handi- 
cap of  a  much  greater  engine-room  crew.  Compared  with 
a  coal-fired  boiler  job,  firemen,  coal-passers  and  water- 
tenders  are  eliminated,  with  a  corresponding  decrease 
in  the  accommodation  requirements,  amount  of  food  and 
the  like.  Compared  with  oil-fired  boilers,  water-tenders 
and  firemen  are  eliminated,  with  a  similar  but  not  so 
great  a  saving. 

If  the  owner  wishes  to  take  full  advantage  of  the 
possibility  of  increasing  the  cruising-radius  when  com- 
paring the  steam  and  Diesel  installations  he  can  add 
from  200  to  300  per  cent  to  the  mileage  without  increas- 
ing the  displacement,  depending  on  the  unit  selected  for 
comparison.  As  an  example  of  the  increased  accommoda- 
tion obtainable,  a  Diesel-powered  yacht  of  180-ft.  over- 
all length  has  practically  the  same  owner's  accommoda- 
tions as  a  steam  yacht  of  225-ft.  length. 

Reliability 

Formerly  the  matter  of  reliability  was  the  bugbear  of 
the  Diesel  engineer,  but  this  has  now  been  settled 
definitely.  At  present  on  the  east  and  the  west  coasts 
of  the  United  States  some  25  or  more  Diesel  installa- 


tions, ranging  from  the  smaller  type  of  cruiser  to  sea- 
going yachts  180  to  200  ft.  in  length,  are  in  service. 
These  installations  vary  considerably  in  detail,  some 
being  full-powered,  others  auxiliary;  in  some  cases,  the 
Diesel-electric  drive  is  used.  All  these  yachts  are  operat- 
ing with  entire  success,  which  has  been  attained  by 
cooperation  between  yachtsmen,  naval  architects  and 
engine  builders.  Reliability,  in  straight  running  and  in 
maneuvering,  has  been  obtained  through  careful  design 
and  installation  of  the  main  engines  and  of  the  auxili- 
aries. By  carefully  checking-up  the  details  of  the  main 
engine,  foundations,  shafting  and  the  like,  vibration  has 
been  reduced  to  such  an  extent  that  it  is  no  longer  a 
factor. 

The  modern  Diesel  engine  is  accessible,  easy  of  repair, 
cleanly  and  economical  as  regards  wear  on  moving  parts. 
Standardization  of  parts  enables  spares  to  be  carried 
for  quick  replacement  with  a  minimum  of  expense  and 
time  loss.  With  the  cooperation  of  the  American  Bureau 
of  Shipping  and  the  insurance  companies,  the  insurance 
rates  are  better  than  on  gasoline  installations  and  as 
low,  if  not  better,  than  on  steam  installations. 

Many  of  the  yachts  are  used  as  ferries  between  New 
York  City  and  Newport,  R.  I.,  Fisher's  Island  and  other 
shore  points  and  make  several  round-trips  a  week.  Their 
ability  to  get  under  way  on  extremely  short  notice, 
coupled  with  the  fact  that  one  fueling  will  suffice  for 
half  a  season's  operation,  is  an  obvious  added  advantage. 
Eliminating  the  necessity  for  frequent  fueling,  with  its 
attendant  objections,  enables  the  yacht  to  be  kept  in 
shipshape  condition  with  a  considerable  reduction  in 
labor  and  expense.  The  annoyance  and  delay  caused 
by  coaling,  ash-removal  and  the  like  are  completely  dis- 
pensed with,  and  wear  and  tear  are  reduced  accordingly. 

Present  Diesel  Installations 

Three  general  types  of  Diesel  installation  are  used  at 
present:  (a)  the  low-power  installation  on  the  smaller 
cruisers  and  auxiliaries  where  the  engines  are  not  directly 
reversible,  and  where  maneuvering  is  accomplished 
by  a  clutch  and  reverse  gear;  (b)  the  direct-reversible 
installation  where  all  maneuvering  is  done  by  compressed 
air,  the  engines  being  fitted  with  a  double  set  of  cams, 
one  for  ahead  and  the  other  for  astern  operation;  and 
(c)  the  Diesel-electric  drive,  in  which  one  or  more  Diesel 
engines  provide  the  necessary  power  for  generating 
electrical  energy  that,  in  turn,  is  transmitted  to  the 
driving  motor  or  motors.  In  the  last  case  the  main 
generators  are  run  continuously  and  all  maneuvering 
and  control  is  handled  electrically.  For  certain  installa- 
tions in  which  the  space  available  for  machinery  is 
divided-up,  or  where  conditions  require  a  propeller  speed 
beyond  the  limits  of  the  direct-drive  Diesel  or,  in  fact, 
for  special  installation  of  any  sort,  it  is  possible  to  ob- 
tain results  with  the  electric  drive  that  can  be  obtained 
in  no  other  way.  An  example  of  this  is  the  schooner  yacht 
Alcyone.  This  vessel  is  equipped  with  a  350-shaft-hp. 
installation,  consisting  of  two  generating-units  and  one 
double-armature  motor,  in  a  space  that  would  not  have 
permitted  a  direct  Diesel  installation  of  over  250  hp.  at 
an  efficient  propeller  speed.  The  control  is  extremely 
flexible,  especially  at  low  speeds,  and  this  point  is  one 
of  the  chief  advantages  of  this  type  of  drive. 

Auxiliary  Diesel  Equipment 

The  importance  of  the  auxiliary  equipment  in  a  Diesel 
installation  cannot  be  overestimated.  It  is  absolutely 
essential  to  the  proper  operation  of  the  plant  to  have 
the    auxiliaries    balanced    adequately    to    perform    their 
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various  functions.     The  a-  stallation,  in  addition 

to  the  main  propeller-equipment,  ..  suitable 

han.:  .pable    of   furnishing   Btlfflcient 

power  to  opt  ber  the  main  or  the  auxiliary  air- 

compressor,  thus  furnishing  air  for  starting  or  in 

..r  has  been  I  -\  account  of  repairs  or  altera- 

•he  air  lines.  ind  the  like.     The  air-com- 

pres-  can  b#  driven  either  electrically  or  directly 

.1   engine.      Electrical   operation   usually   ia 
•ed,  for  with  this  method  the  small  generator-unit 
can  be  used  for  emergency  lighting.     In  small  installa- 
irenerating-units  of  5  to  10-kw.  capacity 
will   •  •■  of  all  the  auxiliary   power   requirements. 

of  this  si/.e  are  equipped  to  use  both  g 
-••ne  fuel. 
In  the  larger  yachts,  where  an  electrically  driven  ice- 
machine,  a  power-windlass,  a  boat-hoist,  maneuvering- 
com;  iiid  the  like  are  to  be  handled,  the  installa- 

tion of  a  larger  generator-unit,  to  operate  on  the  same 
fuel  as  that  used  by  the  main  engine,  is  usually  advisable, 
done  in  duplicate.     Units  of  from 
10  to  20-kw.  capacity  can  be  obtained  that  operate  on  the 
or  some  similiar  principle  and,  for  capai 
-.w.  up,  full  Diesel  units  are  available.    Generally 
;ir-compr  re  in  duplicate  in  the  large  installa- 

.   which   naturally  makes   for  reliability.     The  air- 
-    on    the   yacht    Dolphin,    with    the   air 
bottles  grouped  above,  afford  an  instance  of  the  possibili- 
>f  a  neat  and  an  accessible  arrangement.     In  the 
rmahal's  engine  room,  the  circulating-water  and  the 
lubricating-oil  pumps  are  attached  to  the  main  eng 

onceded  icd  practice  within  the  power 

he  yachting  field,  although  in  the  larger 

commercial  installations  independently  driven  pumps  are 

the   usual  arrangement.     In   this   case,   of  course,   they 

should  be  in  duplicate. 

In  conclusion,  when  the  yacht  under  consideration  is 
of  the  normal  cruisii  .  ,nd  of  moderate  speed-re- 

quirements, in  which  the  owner  <■  cruise  more 

than  400  hr.  or  more  than  4000  nautical  miles  per 
and  he  maximum  accommodation  with  the  mini- 

mum operating  cost,  the  Diesel  engine  offers  possibilities 
in  economy,  cruising-radius  and  reliability  that  cannot 
be  approached  by  any  other  form  of  prime-mover. 

THK   DISCUSSION 

drive  propulsion,  at 
whal  er  required  to  run? 

m.ki  :  At  any  speed  desired.  You 
•  speed  for  the  job, 
175,  350  r.p.m.  or  whatever  it  may  be.  The  electric  motor 
is  designed  for  a  certain  speed  and  will  operate  from 
that  rate  down  through  the  intermediate  speeds  to  zero, 
number  of  revolutions  per  minute  of 
the  •  j   usually  have  from  25  I 

poin-  n  full  power  and  no  power,  and  between  full 

i.  at  which  you  can  operate  it. 
I  j.  LeFevre :     Di  !  engine  operate  al  a 

"ant  Bpe< 
Mb.  Colle*)  ed  to  opei 

at  a  constant  all  times,  when  used  in  connection 

with  Irive.     The  usual  practice  is  to  mount 

mtrolling  nd  of  the  generator  shaft ; 

the  in  can  be  located  anywhere  you  w  j 

L  It  V  '.  nat  are-  the  limitation  .    of 

small    Diesel    eng  ae  operating 

■  '    the   M  '    Show  had   a  2%-in. 

bore.    Why  h  .-. ith  2:'i-in  bore? 

Mr.  COLLET:     We  have  built  a  number  of  e  •ith 


■i.  bore,  which  is  a  very  small  engine,  with  air-blast 
injection.  In  the  semi-Diesel  engine,  or  the  surface- 
ignition   engine  and.  as  some  people  call   the  Other  type, 

the  preignition  engine,  as  In  the  Leissner  method,  the 
engines  can  run  in  fairly  small  sizes.  One  small  engine 
of  about  7%  hp.  per  cylinder,  from  what  1  have  seen  of 
it,  operates  very  well.  1  see  no  reason  why  such  engines 
cannot  be  applied  to  the  smaller  boats.  They  have  not 
been  in  operation  long  but  I  have  no  doubt  that,  within  a 
year  or  two,  we  shall  see  many  boats  of  the  heavy- 
duty  type,  not  high-speed  boats,  but  comfortable 
cruisers  in  sizes  considerably  smaller  than  those  men- 
tioned previously. 

H.  W.  SLAUSON: — Is  the  electrically  driven  boat  con- 
trolled from  the  bridge  or  by  signals  to  the  engine  room'.' 

Mr.  Cot. ley: — It  can  be  controlled  either  way. 

MR.  SLAUSON: — Will  the  governors  take  care  of  vari- 
able loads  on  the  engines? 

MR.  Colley: — The  governors  will  take  care  of  them 
under  all  conditions.  We  have  recently  completed  a  test 
on  some  10  engines  for  the  Coast  Artillery  Corps,  in 
which  the  variation  was  kept  down  to  from  l'j  to  2  per 
cent  under  varying  load  conditions,  which  is  better  than 
is  required  ordinarily.  Usually,  the  electric  companies 
do  not  need  such  close  regulation;  3  to  4  per  cent  gen- 
erally is  sufficient. 

Mr.  LeFevre: — How  close  is  the  speed-control  of  the 
motor? 

.MR.  Colley  :— About  the  same. 

Mr.  LeFevre: — What  is  the  advantage  of  the  electric 
drive,  as  compared  with  the  Diesel,  in  direct  maneuver- 
ing? 

MR.  COLLEY: — I  think  the  direct  drive  is  applicable 
in  a  majority  of  cases.  The  first  electric-drive  installa- 
tion we  had  was  in  a  schooner  that  did  not  have  room 
enough  to  put  the  motor  in  the  engine  room.  We  could 
not  get  tlie  shaft  through  from  the  engine  room  afl  to 
the  stern.  We  put  the  motor  away  aft,  just  ahead  of 
the  stern  post,  alongside  of  the  center  line,  and  the 
engine  was  forward  in  the  hold.  This  arrangement  was 
warranted  by  the  conditions.  In  certain  types  of  boat, 
a  ereat  quantity  of  power  is  used  for  other  services  than 
propulsion.  This  does  not  apply  to  the  yachting  field. 
In  other  installations  where  pumps  or  other  power  units 
require  a  large  proportion  of  the  total  power  generated, 
one  of  the  generator-units  may  be  required  for  this 
service.  I  think  it  can  be  said  definitely  that,  except  in 
special  cases,  the  direct-drive  type  of  yacht  like  that  of 
the  holphin  or  the  Nourmahal,  is  the  logical  installation. 
The  engine  units  are  efficient,  and  give  good  propeller 
efficiencies  at  the  speeds  used.  When  better  propeller 
Its  are  needed,  as  in  very  slow  boats  where  propeller 
speeds  of  about  90  r.p.m.  are  required,  the  electric  drive 
will  give  much  better  results.  When  everything  is 
normal  I  should  say  that  the  straight  Diesel  drive  can 
be  used. 

QUESTION: — Has  any  experimental  work  been  done 
with  solid   injection? 

Ml:.   '  lOLLEI  :      J 

C.  F.  Scott:  What  is  the  highest  speed  on  direct 
Di(  el  drive  that  is  now  considered  economical  for  pro- 
peller efficiency  in  cruisers? 

MB.    COLLET:     Aboul    500    r.p.m.,    depending    on    the 

type  of  I, i, at.     We  would  not  turn  the  propeller  on  an 

like  the  Ohio  at   500  r.p.m.;  that    would  be 

much  to  high.     About    250  or  300  r.p.m.  would   he  as 

high   as   we   oujfht    to   go.     Practice   leans   toward   that 

i  Ivded  "i>  p.  501) 
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SINCE  accurate  wheel-alignment  is  of  much  greater 
importance  than  has  been  realized  generally  and 
because  so  much  confusion  existed  regarding  proper 
methods  of  securing  it,  the  author  explains  a  method 
for  obtaining  correct  alignment  that  will  insure  easy 
steering  and  cause  the  least  amount  of  tire  wear. 

Correct  wheel-alignment  is  denned  and  the  differ- 
ences between  front-wheel  and  rear-wheel  alignment- 
requirements  are  stated.  "Toe-in"  and  "camber"  are 
analyzed,  their  requisite  values  are  discussed  and  the 
manner  of  determining  them  is  explained.  Axle-tilt 
and  wheel-wabble  are  considered  also  in  their  relation 
to  the  subject,  and  a  summary  is  given  of  the  proper 
procedure  to  secure  correct  wheel-alignment. 

A  CCURATE  alignment  of  the  wheels  of  an  automo- 
/\  bile  is  of  great  importance.  When  it  is  realized 
A.  A.  that  the  cost  of  operating  a  car  can  be  reduced  by 
5  to  50  per  cent  merely  by  making  a  slight  adjustment 
that  is  already  provided  for  on  the  tie-rod,  it  is  difficult 
to  understand  why  the  subject  of  wheel-alignment  has 
been  so  neglected.  I  visited  not  long  ago  nearly  all  of 
the  automobile  plants  in  Detroit,  Flint,  Pontiac,  Toledo 
and  Cleveland.  I  found  that  much  confusion  existed  with 
regard  to  the  subject.  Until  recently  there  has  been  no 
standard  to  follow. 

After  having  investigated  wheel-alignment  very  thor- 
oughly, I  will  endeavor  to  give  a  logical  answer  to  such 
questions  as  may  be  raised  regarding  the  subject. 
Although  different  sizes  and  types  of  car  cause  varying 
conditions,  I  will  give  a  short,  easy  method  of  calculating 
and  allowing  for  the  correct  wheel-setting  for  all  cars, 
so  as  to  insure  good  steering  and  cause  the  least  possible 
amount  of  tire  wear.  Contrary  to  the  opinion  of  many,  it 
is  not  necessary  to  sacrifice  the  tires  to  obtain  good 
steering.  A  tire  can  be  ruined  much  sooner  by  misalign- 
ment than  it  can  by  under-inflation;  yet  many  drivers  of 
cars  use  the  utmost  care  in  keeping  their  tires  pumped- 
up  to  the  proper  pressure  and  pay  practically  no  atten- 
tion to  the  alignment  of  the  wheels. 

Some  factors  do  not  come  directly  under  the  heading 
of  wheel-alignment,  but  they  are  connected  with  it  so 
closely  that  we  cannot  treat  the  subject  thoroughly  with- 
out including  them.  For  instance,  wheel-alignment  is 
affected  seriously  by  axles,  tie-rods,  king-pins,  radius- 
rods,  steering-arms  and  the  steering-gear.  Even  the 
spring-suspension  plays  a  much  more  important  part 
than  most  people  realize,  as  will  be  shown  later. 

Correct  Wheel-Alignment 

Let  us  first  determine  just  what  constitutes  correct 
wheel-alignment.  To  some  it  might  appear  that  the  two 
front-wheels  should  be  parallel,  the  two  rear-wheels 
parallel  and  each  rear  wheel  directly  in  line  with  the 
front  wheel  on  the  same  side.  This  would  place  the  four 
wheels  in  such  a  way  that  a  straight  line  could  be  drawn 
directly  through  the  center  of  the  two  right-hand  wheels, 
another  line  could  be  drawn  through  the  center  of  the 
two  left-hand  wheels,  and  the  two  lines  would  be  exactly 


parallel.  If  it  were  not  for  other  conditions,  this  ar- 
rangement, which  is  shown  in  Fig.  1,  would  be  ideal  and 
would  allow  all  four  wheels  to  roll  freely  and  cause  the 
least  possible  amount  of  friction. 

Rear  wheels  are  adjusted  very  much  as  one  would 
naturally  expect.  They  should  be  parallel  in  every  way; 
that  is,  each  rear-wheel  should  revolve  in  a  perfectly  true 
circle,  the  two  rear-wheels  should  be  the  same  distance 
apart  at  the  front  and  the  back  and  also  at  the  top  and 
the  bottom,  and  the  axle  should  be  at  right  angles  with 
a  line  drawn  through  the  center  of  the  frame  from  front 
to  rear. 
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Fig.  1 — Diagram  Showing  What  Apparently  Is  Correct  Wheel- 
Alignment 

If  the  rear  axle  is  not  at  right  angles  with  the  frame 
and  the  front-wheels  are  set  perfectly  straight,  the  car 
will  go  around  in  a  circle  instead  of  straight  ahead. 
This  tendency  can  be  overcome  by  turning  the  front- 
wheels  in  the  same  direction  that  the  rear-wheels  are 
pointed.  This  will  cause  the  car  to  travel  in  a  straight 
line,  but  the  rear-wheels  will  travel  off  to  one  side  in- 
stead of  following  the  front-wheels. 

On  some  cars  the  rear  axle  is  held  in  position  by  the 
rear  springs.  With  this  construction,  it  can  be  seen 
readily,  it  is  necessary  to  have  the  two  rear  springs  of 
exactly  the  same  length  so  as  to  hold  the  axle  square 
with  the  frame.  If  the  spring-clips  should  become  loose 
and  allow  one  side  of  the  axle  to  move  backward  or  for- 
ward, the  axle  would  not  be  square  with  the  frame  and, 
consequently,  would  be  out-of-line.  Another  type  of  con- 
struction has  radius-rods  that  hold  the  rear  axle  in  the 
proper  relation  to  the  frame.  These  rods  are  provided 
with  adjustments  by  which  either  or  both  sides  of  the 
rear  axle  can  be  moved  forward  or  backward.  On  this 
type,  it  is  necessary  to  have  both  radius-rods  adjusted  to 
exactly  the  same  length.  The  rear  axle  and  the  drive-shaft 
housing  on  another  type  are  bolted  together  and  make  a 
T-shape  unit.  In  some  types,  this  construction  is  re- 
enforced  by  having  the  springs  act  as  radius-rods  but,  on 
other  types,  the  springs  are  hung  in  such  a  way  as  to 
give  free  action  to  the  rear  axle;  in  the  latter  case  the 
drive-shaft  housing  is  depended  upon  to  hold  the  rear 
axle  in  the  proper  alignment.  A  severe  bump  on  either 
wheel  might  bend  the  drive-shaft  housing;  in  this  case, 
the  rear  wheels  would  be  parallel  with  each  other  but  the 
axle  would  not  be  at  right  angles  with  the  frame. 
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\ie  is  held  in  position 
ed  by  two  adjust 
brace-rev  t  near  the  universal- 

housing.    If 

ney  push  the  ends  of  the  axle 

.    while  the   drive-shaft   housing   holds   the 

as  the  rear  axle  in  such  a  way 

it.    If  these  roils  an 

•.ie  housing  forward  and  this  causes 

■  ire,  with  this  type  of  con- 

■:!y  that  the  two  brace-rods 

be  adjusted  to  exactly  the  same  length,   but   that    both 

-rods  be  of  exactly  the  right  length.    This  explana- 

.r  wheels,  it  is  simply  a  matter 

Ale  at  right  angles  with  the  frame 

wheels  in  perfect  alignment  with  each  other. 

Front-Wheel  Alignment 

entirely    different   condition    is   presented    by    the 

me  writer  very  appropriately  states  it : 

front   wheels   to   be   in-line   must   be   out-of-line." 

•he  front  wheels  must  be  set  so  that  they  are 

r  together  at   the  bottom  than  at  the  top. 

r  together  at  the  front  than  at 

and  the  axle  must  be  tilted  so  that  the  bottom 

-ther  forward  than  the  top  and  the  front  axle  should 

be  longer  than  the  rear  axle  so  that  the  front  wheels  will 

:me  distance  apart   as  the   rear  wheels   at   the 

bottom  but  farther  apart   than   the  rear   wheels  at   the 

top,  a  wn  in  Fi. 

These  conditions  are  agreed  upon  almost  universally, 

but    disagreement    arises    over    the    i  and    the 

amounts  to  be  allowed.    Different  engineers  give  different 

S     ange  to  say,  engineers  who  give  the  same 

to  the  correct  amounts  to  be  allowed. 

It  appears  that  we  should  decide  upon  a  standard. 

In   the   days  of  the  horse-drawn   carriage,   the   front 
a  solid  bar  running  from  wheel  to  wheel  and 
ding  through  the  center  of  each  hub.    This  bar  was 
hed  to  the  chi  *he  carriage  by  a  large  bolt  in 

the  center  called  the  king-pin.     The  shafts,  or  the  pole, 
were  connected  directly  to  the  axle.     When  turned  they 
ed  the  entire  front  axle  to  turn  and  carry  the  wheels 
-hus.  the  vehicle  could  turn  a  corner  without 
:  the   .'.heels.     But  it  was  found  that  this 
not  practicable  in  automobile  construction; 
the  front  axle  was  divided  into  three  parts,  the  axle 
dies.     Each  wheel   revolves  on   a 
ile  pivoted  to  the  end  of  the  axle  proper  by  a  king- 
thus,  the  front  wheels  can  be  turned  so  as  to  go 
ner  while  the  axle  remains  rigid. 
;. indie    is   supplied   with   an   arm    that    e.xt. 

■  die-arm.     Each  of  the  two  wheels 
in   different   directions   by  these  arms 
r  a  connecting  link  calico  1.     This  rod, 

.■.ill  bring  the  whi  r  together  at 

the  back;   when   lengthened,    it   will   spread   the   wheels 
the  back.    But,  when  it  is  adjusted  prop- 
it  will  hold  each  wheel  in  the  correct  alignment  with 

placed  in  front  of 
the  ;.  ng  the  tie-rod  brings  the 

wh-  front. 

In  1  of  having  light 

•  itute  the 
front-ax'  to  bring  the 

king-:  ible  to  tl  .  and  thereby 

deer-  the  rar  to  turn  frorr 

to  tr  ill  obstructior 

the  road. 


In  the  former  carriage  construction,  if  the  carriage 
were  pushed  through  sand  or  mud  the  axle  would  tend 
and  backward  at  each  end;  this  would  bow  the  center 
of  the  axle  forward  and  cause  the  wheels  to  toe-out. 
This  condition  was  counteracted  in  carriage  construction 
by  the  fact  that  the  shafts,  or  the  pole,  were  always  at- 
tached to  the  axle  at  two  points,  each  about  midway  be- 
tween the  king-pin  and  one  of  the  front  wheels.  Since 
the  power  was  applied  at  these  two  points  instead  of  at 
the  center,  this  prevented  the  axle  from  bending  back- 
ward at  each  end. 

In  automobile  construction,  even  with  the  king-pins  set 
close  to  the  wheels,  a  slight  tendency  for  each  spindle  to 
bend  backward  as  the  car  is  being  propelled  forward  still 
exists  and.  if  the  wheels  were  set  perfectly  parallel  when 
the  car  was  standing  stiil.  they  would  immediately  toe- 
out  when  the  car  was  started  forward.  This  toeing-out 
would  increase  with  the  speed  of  the  car,  or  as  the  road 
conditions  became  such  as  to  cause  more  resistance  to 
the  forward  movement  of  the  front  wheels.  Right  here 
is  one  of  the  principal  reasons  for  toeing-in  the  front 
wheels.  But  this  tendency  to  bend  backward  varies  with 
different  types  of  construction. 

Camber 

Other  factors  have  a  direct  bearing  on  the  amount  of 
toe-in  required;  one  of  these  is  "camber."  An  under- 
standing of  camber  is  absolutely  necessary  when  deter- 
mining the  correct  amount  of  toe-in.  In  carriage  con- 
struction it  was  common  practice  to  arch  or  crown  the 
axles.  The  bowing-up  in  the  center  of  a  solid  bar  that 
extended  through  the  hubs  of  the  wheels  caused  the 
wheels  to  be  closer  together  at  the  bottom.  This  was 
commonly  called  camber. 

In  automobile  construction  also,  the  wheels  are  set 
closer  together  at  the  bottom  than  at  the  top,  but  it  is 
done  in  an  entirely  different  way  and  for  a  different  pur- 
pose. Instead  of  cambering  the  axle,  the  spindles  are 
designed  so  that  they  are  not  at  right  angles  with  the 
king-pins.  This  gives  the  same  effect  as  actual  camber, 
and  we  will  continue  to  use  that  term. 

The  principal  reason  for  camber  is  to  bring  the  wheels 
into  contact  with  the  road  at  a  point  directly  under  the 
center  of  the  king-pins  as  nearly  as  that  is  possible;  this 
still  further  decreases  the  tendency  for  the  spindles  to 
bend  backward  as  the  car  is  being  driven  forward.    This 
would  decrease  greatly  the  necessity  for  toeing-in  except 
for  the  fact  that  setting  the  wheels  at  this  angle  ca 
each  wheel  to  act  as  a  cone  where  it  comes  into  contact 
with  the  road  and  the  tendency  of  a  cone  is  to  roll  around 
in  a  circle.     Therefore,  this  very  cambering,  or  the 
ting  of  the  wheels  closer  together  at  the  bottom,  nee 
tates  toeing-in  in  itself;  so,  as  the  necessity  for  t< 
due  to  camber  increases,  the  necessity  for  toe-in  due  to 
the  spindles  bending  backward  decreases.     One  just  off- 
the   other,   and   the    necessity   for   toe-in   remains 
•  ly  the  same. 

Another  reason  for  both  toe-in  and  camber  is  as  fol- 
lows: The  weight  of  the  car  is  carried  on  the  spindles, 
lies  are  held  in  position  by  the  king-pins  and  the 
weight  of  the  car  tend  to  press  outward  at  the  bottom 
and  inward  at  the  top  of  the  king-pins;  this  causes  a 
binding  strain  on  the  king-pin  bushings.  By  bringing 
the  wheel:-  into  contact  with  the  road  at  a  point  nearer  to 
a  direct  line  with  the  center  of  the  king-pins,  this  ten- 
dency is  decreased.  It  is  decreased  still  further  by 
setting  the  wheels  closer  together  at  the  front,  which 
causes  the  wheels  to  pull-in  at  the  bottom,  due  to  the  ten- 
dency for  the  wheels  to  roll  toward  the  center.     This 
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makes  a  car  easy  to  steer.  If  the  wheels  were  toeing-out 
in  addition  to  the  effect  due  to  the  weight  of  the  car, 
the  wheels  would  be  pulling  outward  at  the  bottom;  this 
would  increase  the  binding  strain  and  make  a  car  hard  to 
steer. 

We  now  have  several  good  reasons  for  both  toe-in  and 
camber,  but  we  must  remember  that  a  greater  amount  of 
camber  does  not  necessarily  require  a  greater  amount  of 
toe-in;  because,  as  the  camber  increases,  the  tendency 
for  the  wheels  to  spread  at  the  front  decreases. 

Other  Factors  Affecting  Toe-In 

Other  factors  materially  affect  the  amount  of  toe-in. 
First,  the  amount  of  pressure  required  to  spring  the 
steering  connections.  A  car  with  stiff  spindle-arms  will 
require  less  toe-in  than  one  on  which  the  wheels  can  be 
sprung  outward  easily  at  the  front.  Second,  the  size  of 
the  wheels.  Large  wheels  require  more  toe-in  than  small 
wheels.  Third,  the  size  of  the  section  of  the  tire.  A 
32  x  4%-in.  tire  requires  more  toe-in  than  a  32  x  3y2-in. 
tire.  Fourth,  the  point  at  which  the  tests  are  made.  If 
a  car  were  tested  for  toe-in  by  taking  the  readings  from 
the  tires  and  it  showed  %,-in.  toe-in,  the  same  car  tested 
from  the  felloes  would  show  considerably  less  than  %-in. 
toe-in  because  the  front  and  back  readings  would  be 
taken  much  closer  together. 

Method  Employed 

It  might  appear  necessary  that  each  service-station 
employ  an  engineer  to  determine  the  amount  of  toe-in 
and  camber  required  on  each  car,  but  this  is  not  the 
case.  I  offer  a  quick,  easy  method  of  eliminating  all  this 
confusion,  so  that  it  is  not  even  necessary  to  use  a  chart 
showing  the  amount  of  toe-in  required  on  different  cars. 
This  method  takes  care  of  all  these  varying  conditions, 
treats  all  cars  alike  and  yet  actually  gives  to  each  dif- 
ferent type  the  correct  amount  of  toe-in  without  any 
special  allowances. 

Regarding  the  variation  in  the  stiffness  of  the  dif- 
ferent spindle-arms,  by  pressing  outward  on  the  front 
of  both  front  wheels,  those  cars  that  are  equipped  with 
stiff  spindle-arms  and  tie-rods  will  not  be  affected  but, 
if  the  car  is  equipped  with  parts  that  are  easily  sprung, 
the  wheels  will  be  pushed  outward  at  the  front  and  the 
friction  of  the  tires  will  prevent  them  from  coming  com- 
pletely back  to  their  normal  position,  varying  in  exact 
accordance  with  the  amount  that  those  parts  can  be 
sprung.  If  the  wheels  are  tested  for  toe-in  in  this  posi- 
tion, they  actually  will  be  given  more  toe-in  than  what 
is  shown  on  the  gage,  thereby  compensating  automati- 
cally for  that  springy  condition  and  making  it  possible 
to  give  the  same  allowance  for  toe-in  on  all  cars. 

As  to  the  size  of  the  wheels,  if  all  the  readings  were 
taken  at  the  center  of  the  wheels,  a  different  allowance 
would  need  to  be  made  for  each  different  size  of  wheel 
but,  by  taking  all  readings  at  a  distance  of  9  in.  from 
the  floor,  the  large  wheels  will  be  tested  farther  below 
their  centers  than  the  small  ones  and,  if  the  same  allow- 
ance is  given  on  the  gage,  the  large  wheels  automatically 
will  be  given  more  toe-in  than  the  small  ones,  thereby 
again  making  one  allowance  for  toe-in  on  all  sizes  of 
wheel. 

If  some  cars  were  tested  from  the  felloes  and  some 
from  the  tires,  a  different  allowance  would  be  necessary 
and,  on  wire  wheels  and  disc  wheels,  the  readings  must 
be  taken  from  the  tires  because  there  are  no  felloes. 
Therefore,  I  recommend  taking  all  readings  from  the 
tires  and  not  from  the  felloes.     This  gives  one  method 


Fig.   2 — Diagram   Showing  the  Relative  Wheel-Positions   That 
Have  Been  Found  To  Be  Satisfactory 

of  testing  on  all  cars,  again  making  it  possible  to  give 
one  allowance  for  toe-in  on  all  cars. 

The  measurement  from  wheel  to  wheel  should  be  taken 
from  the  tire  at  the  front,  9  in.  from  the  floor.  The  car 
should  then  be  moved  forward  far  enough  so  that  the 
second  reading  can  be  taken  from  the  same  identical 
part  of  the  tire  9  in.  from  the  floor  at  the  back.  This 
eliminates  any  possible  chance  of  getting  an  inaccurate 
reading  due  to  a  lump  on  the  tire,  a  crooked  rim  or  a 
crooked  wheel.  If  the  readings  were  taken  from  two 
different  points  on  the  tire  or  the  wheel,  this  would  be 
very  likely  to  give  an  inaccurate  reading  for  spindle  and 
tie-rod  adjustment  due  to  a  slight  inaccuracy  in  the  tire 
or  to  a  crooked  felloe,  rim  or  wheel;  the  felloes  very 
rarely  run  perfectly  true,  even  on  new  cars. 

As  to  a  32  x  4y2-in.  wheel  requiring  more  toe-in  than  a 
32  x  3y2-in.  wheel,  it  will  be  found  that  if  the  readings  are 
taken  from  the  part  of  the  tire  that  offers  a  flat  surface 
for  the  end  of  the  gage  or  measuring  apparatus,  the 
two  readings  will  be  taken  closer  together  on  the  32  x 
4y2-in.  tire  than  they  will  on  the  32  x  3V:>-in.  tire,  thereby 
automatically  giving  more  toe-in  to  the  4a/2-in.  tire  than 
to  the  S^-in.  one,  again  making  it  possible  to  give  the 
same  allowance  for  toe-in  on  all  cars. 

We  now  have  a  method  by  which  all  of  these  varying 
conditions  are  automatically  taken  care  of  and  we  are 
able  to  give  the  same  allowance  for  toe-in  on  all  cars. 
We  will  next  determine  just  what  that  amount  of  toe-in 
should  be. 

Amount  of  Toe-In 

After  taking  this  matter  up  with  the  automobile  and 
the  tire  companies  we  still  lacked  sufficient  information 
to  be  able  to  say  definitely  just  what  the  correct  amount 
of  toe-in  should  be.  One  company  would  specify  %-in. 
toe-in  and  another  company,  using  practically  the  same 
construction  and  the  same  size  of  wheel,  would  say  Vg-in. 
toe-in.  We  then  proceeded  to  try  out  each  of  the  recom- 
mendations. After  much  experimenting,  we  finally  con- 
cluded that  no  definite  amount  of  toe-in  could  be  stated 
unless  we  could  compensate  in  some  way  for  the  amount 
the  wheels  would  spread  at  the  front  while  traveling  on 
the  road. 

By  attaching  an  apparatus  that  would  give  the  exact 
setting  of  the  wheels  at  any  speed  on  the  road,  we  found 
that  some  makes  of  car,  having  an  initial  toe-in  of  lA  in. 
and  no  play  in  the  bushings,  would  be  running  perfectly 
straight  at  25  m.p.h.  On  other  makes  of  car  having  an 
initial  toe-in  of  %  in.,  we  found  that  they  would  still 
remain  at  almost  exactly  %-in.  toe-in  at  25  m.p.h.  We 
found  also  that,  by  pressing  outward  on  the  front  of 
both  front  wheels,  we  could  spring  the  wheels  apart  on 
some  cars  as  much  as  Vi  in.,  but  that  the  friction  of  the 
tires  on  the  floor  would  prevent  them  from  coming  com- 
pletely back  to  their  normal  position  after  they  were  let 
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.ailed  the  position 

•  g  the  road  :it   a 

normal  speed  and.  b>  the  readings  in  this  posi- 

-::;.   we   obtained   excellent 

and  the  tire  wear  was  not   excessive. 

;hat  if  more  than  '^-in.  toe-in  was 

■uth  stiff  steering-connections, 

\ould  be  decreased  materially  and 

no  a  ed  in  steering.     In  fact,  we  found 

I   steer  and  handle  exactly  as  well 

they  would  with   '4-in.  toe-in,  and 

-  applied  to  every  size  and  type  of  car  tested. 

Therefore,  anywhere  from   Js   to  Vi-in  toe-in  would  be 

the  correct  amount,  provided,  however,  that  the  readings 

taken  from  the  tires  at  9  in.  from  the  floor. 

summarize,  if  you  will  press  outward  on  the  front 

of  the  front  wheels,  then  let  go  of  them  and  allow  them 

to  come  back  as  nearly  to  their  normal  position  as  the 

on  of  the  tires  will  permit,  then  take  the  reading 

from  wheel  to  wheel,  on  the  tires,  9  in.  from  the  floor, 

then  move  the  car  forward  until  that  same  part  of  the 

irrives  at  a  position  back  of  the  axle,  9  in.  from  the 

floor,  and  then  take  the  second  reading  from  wheel   to 

wheel,  the  second  reading  should  be  3  16-in.  greater  than 

the  first  reading,  with  a  tolerance  of  1    16-in.  either  way 

means  from  J»  to  ^-in.  toe-in  on  all  cars. 

In  some  designs,  the  king-pin  is  set  out  into  the  hub 

so  that,   with   a   slight   amount   of  camber,   the  wheels 

actually   come   into   contact    with    the    road    at   a    point 

directly  in  line  with  the  center  of  the  king-pins.     In  this 

case,  obstructions  on  the   road   or   heavy   mud  or  sand 

have  no  tendency  to  bend  the  spindles  backward.     If  all 

were  of  this  design,  the  amount  of  toe-in  could  be 

deer-  :.ut  a  slight  tendency  for  the  wheels 

to  spread  apart  at  the  front  would  still  remain;  hence, 

3  16-in.  toe-in   is  not  too  much,  even   for  this  type  of 

ruction. 

A  moist  ok  Camber 

The  amount  of  camber  is  not  a  vital  factor.    A  car  will 
perfectly  well  with  either  1   or  3  deg.  of  camber. 
In  fact,  different  engineers  allow  anywhere  from  0  to  4 
deg.  of  camber  and  no  appreciable  difference  in  the  steer- 
r   handling   of  the   car    is   apparent;    but,   as   the 
amount  of  camber  in>  '-yond  2  deg.,  it  begins  to 

affect  the  wear  of  the  tires.  Therefore,  I  say  that  2  deg. 
is  sufficient. 

All  that  is  necessary  to  test  for  camber  is  Jo  suspend 

a  plumb  line  from  the  outside  of  the  tire  at  the  top  and 

measure  the  distance  from  the  line  to  the  tire  at   the 

bottom.     The  line  should  be  hung  so  that  it  will  pass 

the  center  of  the  wheel  at  a  point  4  in.  in  front  of  the 

hub.     This  is  done  so  that  the  measurement  will  not  be 

taken  from  that  part  of  the  tire  which  is  flattened  out 

on  the  floor  by  the  weight  of  the  car.     When  wheels  are 

I  in  this  manner,  2  deg.  of  camber  on  a  34  x  4-in. 

1   in.  from  the  plumb  line  to  the 

■>n  each  wheel  at  the  lower  end.    Larger  wheels,  with 

the  sanr  amber,  would  show  more;  smaller 

-,  but  the  difference  would  be 

•r:t. 

The  method  of  testing  rear  wheels  is  the  same  as  that 
of  testing  the  front,  except  that  the  first  reading  should 
be  taken  from  th>  the  back;  then,  the  car  should 

be  moved  backward  instead  of  forward.     Of  course,   no 
ing  outward  of  the  wheel  ecesaary.    The  rear 

wheels  should  have  no  toe-in  and  no  camber;  conse- 
quently, the  height  at  which  the  readings  are  taken  on 
rear  wheels  is  not  important. 


Testinc,  Instruments 

While  no  particular  gage  has  been  mentioned  for  test 
ing  toe-in,  I  believe  the  one  best  adapted  to  test  in  this 
way  is  the  one  that  is  placed  between  the  wheels  at  the 
front  and  is  held  m  position  by  a  spiral  spring  that 
presses  each  end  of  the  gage  firmly  against  the  tires,  as 
shown  in  Fig.  3,  the  pendant  chains  indicating  the 
proper  height  from  the  floor.  The  pointer  is  set  at  zero. 
The  gage  is  then  left  in  position  while  the  car  is  being 
moved  forward  and  is  automatically  carried  to  the  posi- 
tion for  the  second  reading.  The  pendant  chains  indi- 
cate when  the  car  has  been  moved  far  enough  to  reach 
the  proper  height  at  the  back  of  the  wheels.  The  pointer 
will  then  register  the  exact  amount  of  toe-in  without 
necessitating  any  calculations;  consequently,  no  possible 
chance  of  making  a  mistake  is  present. 

The  method  of  testing  to  see  if  the  rear  axle  is  at  right 
angles  with  the  frame  is  to  measure  from  a  point  exactly 
at  the  center  of  the  front  axle  to  each  of  the  two  rear 
brake-drums.  The  distance  should  be  exactly  the  same 
on  both  sides. 

Although  the  adjustment  for  toe-in  is  usually  made 
from  the  tie-rod,  it  must  be  borne  in  mind  that  if  a 
spindle-arm  is  badly  bent  it  cannot  be  corrected  by 
shortening  or  lengthening  the  tie-rod.  This  is  because 
each  spindle-arm  should  be  set  so  that  it  will  point  di- 
rectly toward  the  center  of  the  rear  axle,  to  give  the 
correct  degree  of  angularity  to  each  front  wheel  when 
the  car  is  turning  a  corner.  The  wheel  that  is*  on  the 
inside  of  the  curve  is  cutting  a  smaller  circle;  therefore, 
it  must  be  turned  at  a  sharper  angle.  This  is  accom- 
plished by  having  the  steering-arms  point  directly  toward 
the  center  of  the  rear  axle. 

Trueness  ok  Wheels 

It  goes  without  saying  that  each  front  wheel,  as  well 
as  the  rear,  should  revolve  true  on  its  axis.  The  best 
method  for  testing  this  is  to  jack  each  wheel  up  and 
turn  it.  If  the  wheel  is  not  running  true,  it  can  be 
tected  readily  in  this  wav.  Wheels  that  do  not  run  true 
in  this  way  are  called  wabbly  wheels;  but,  although  they 
do  other  bad  things,  they  do  not  affect  the  tire  wear.  A 
wheel  will  always  roll  in  the  direction  that  is  exactly  at 
right  angles  with  its  axis,  regardless  of  whether  it  runs 
true  on  its  axis  or  not.  If  the  wheel  is  not  running  true 
on  its  axis  it  will  leave  a  crooked  track,  but  the  wheel 
will  not  tend  to  crowd  to  either  one  side  or  the  other. 

The  principal  disadvantage  of  wabbly  wheels  is  that 
the  wheel  constantly  tends  to  right  itself,  due  to  the 
centrifugal  force,  and  this  tendency  increases  with  the 
speed  of  the  car.  By  actual  test,  a  wheel  that  was  turn- 
ing at  a  speed  of  500  r.p.m.  and  was  1  in.  out  of  true, 
affected  by  this  centrifugal  force  that  it  ran 
almost  in  a  perfectly  true  circle  but,  in  doing  so,  it  caused 
the  hub  to  wabble  although  the  hub  ran  perfectly  true 
when  the  wheel  was  being  turned  at  lower  speeds.  This 
condition  has  a  tendency  to  "crystallize"  the  spindles  and 
■  rrns,  especially  on  a  car  thai  is  likely  to  be 
driven  at  a  high  rate  of  speed.  A  wheel  running  ' /%  in. 
out  of  true  in  this  way  would  do  no  serious  harm,  but  I 
would  ob  ously  to  driving  a  car  at  a  high  rate 

peed  if  a  wheel  were  more  than  %  in.  out-of-true  in 
this  way. 

Comparison  with  OTHEB  Methods 

Regarding  how  much  toe-in  this  3/16  in.  taken  9  in. 
from  the  floor  would  amount  to  if  taken  on  a  level  with 
the  center  of  the  wheel,  a  30x3'/2-in.  wheel  tested  from 
the  tires  and  given  3  16-in.  toe-in  at  9  in.  from  the  floor 
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feinted ends  off  center  fotipep 
page  turned  m  tn  center  op 

This  end  telescopes  within  the  tube  and  is 
held  oigamst the  lire  by  a  coiled  spring 
Scale  on  the  sliding  part  registers  exact 
'toe-in~mth  pointer  ontube.  Scale  may 


beserotzero 


Chains  gaging  heiaht 
from  floor  3  in 


;Adjastment provided for  different  tires 


Fig.    3 — Gage   for    Testing    the    Amount    of    Toe-In 

This  Gage  Is  Adjustable  for  Different  Sizes  of  Tire  and  the  Chains 

Indicate   Whether   or   Not  the   Gage   Is   Set   at   the   Proper   Height 

from  the  Floor,  9  In. 

would  be  exactly  3  16  in.  if  taken  from  the  center  where 
the  tire  and  rim  meet.  It  would  be  1/64  in.  less  if  taken 
level  with  the  center  on  the  felloes,  and  1/64  in.  more  if 
taken  level  with  the  center  on  the  tires.  A  33  x  4%-in. 
wheel  given  3  16-in.  toe-in  when  tested  from  the  tires  at 
9  in.  from  the  floor  would  have  exactly  3/16-in.  toe-in  if 
taken  level  with  the  center  on  the  rim,  but  would  be  1/64 
in.  less  if  taken  from  the  felloes,  and  would  be  1/32  in. 
more  if  taken  from  the  tires.  A  36  x  4%-in.  wheel  given 
3  16-in.  toe-in,  when  tested  from  the  tire  at  9  in.  from 
the  floor,  would  be  exactly  3/16  in.  if  taken  level  with 
the  center  on  the  felloes  and  would  be  approximately  % 
in.  if  taken  from  the  tires. 

Front-Axle  Tilt 

The  tilting  of  the  front  axle,  it  is  generally  agreed, 
is  done  to  give  the  wheels  a  "caster"  effect ;  that  is,  to 
bring  the  wheel  in  contact  with  the  road  at  a  point  back 
of  a  line  drawn  through  the  center  of  the  king-pins.  This  , 
is  done  for  three  purposes.  First,  to  avoid  any  possibility 
of  the  king-pin  becoming  pitched  in  the  opposite  way, 
which  would  cause  serious  results.  Second,  to  cause 
each  wheel  to  follow  the  king-pin  in  case  the  tie-rod 
should  break  or  become  disconnected.  Third,  if  the  king- 
pins were  not  pitched  in  this  way,  when  driving  through 
sand  or  mud  that  part  of  the  wheel  pushing  against  the 
sand  or  the  mud  would  be  so  far  in  front  of  the  king-pin 
that  the  wheels  would  tend  to  turn  sidewise.  The  amount 
of  tilt  given  to  the  front  axle  varies  slightly  with  differ- 
ent types  of  construction,  but  between  2  and  3  deg.  will 
give  excellent  results  on  all  cars. 

Axle-Tilt  and  Wheel-Alignment 

While  the  tilting  of  the  front  axle  does  not  come  di- 
rectly under  the  heading  of  wheel-alignment,  it  affects 
wheel-alignment  to  the  following  extent.  The  wheels  are 
closer  together  at  the  bottom  on  practically  all  cars;  on 
some  cars  as  much  as  a  3-in.  difference  exists,  while  the 
toe-in  is  only  3/16  in.  Any  condition  that  would  allow 
the  angle  of  the  front  axle  to  change  might  very  easily 
change  part  of  that  3  in.  of  camber  to  toe-in,  thus  affect- 
ing the  amount  of  toe-in  seriously.  In  some  types  of 
construction  the  angle  at  which  the  axle  is  tilted  is 
different  when  the  car  is  loaded  from  what  it  is  when  the 
car  is  empty.  On  this  type  of  construction  it  is  very 
important  to  test  the  wheel  alignment  after  the  body 
has  been  placed  on  the  chassis,  as  the  weight  of  the  body 
is  enough  to  affect  the  amount  of  toe-in. 

The  amount  that  the  front  axles  are  tilted  varies.  In- 
sufficient tilt  will  cause  the  wheels,  when  turned  in  either 
direction,  to  pull  hard  in  that  direction.  For  instance, 
in  turning  a  corner,  difficulty  is  experienced  in  bringing 


the  wheels  back  to  a  straight-ahead  position  if  the  tilt 
is  insufficient.  The  correct  amount  of  tilt  will  have  a 
tendency  to  bring  the  wheels  back  to  a  straight-ahead 
position  after  turning  a  corner,  but  too  much  tilt  will 
cause  a  noticeable  tendency  for  the  wheels  to  turn 
toward  the  side  of  the  road  when  being  driven  on  either 
side  of  the  crowned  road. 

Wheel-Wabble 

Another  condition  that  is  caused  by  too  much  of  the 
caster  effect  is  a  tendency,  when  driving  at  certain  speeds, 
for  the  wheels  to  change  their  course  rapidly  from  right 
to  left  and  to  continue  to  alternate  until  stopped  either 
by  changing  the  speed  of  the  car  or  by  a  change  in  road 
conditions.  This  tendency  is  increased  greatly  if  the 
connections  between  the  steering-gear  and  the  wheels  are 
of  a  springy  construction.  On  some  cars,  a  spring  is 
located  at  each  side  of  the  ball-joint  on  one  end  of  the 
tie-rod.  This  condition,  even  with  the  correct  amount  of 
caster  effect,  will  sometimes  cause  the  wheels  to  alternate 
from  side  to  side  in  the  manner  just  stated.  This  condi- 
tion very  often  can  be  corrected  by  removing  one  of  the 
springs  mentioned  and  placing  a  solid  block  in  its  place. 
It  can  be  improved  still  further  by  having  one  spring 
at  each  end  of  the  drag-link,  one  allowing  the  distance 
between  the  two  ball-joints  to  lengthen  and  the  other 
allowing  it  to  shorten  if  the  necessity  arises,  but  each 
one  always  coming  back  against  a  solid  stop. 

On  some  cars  the  drag-link  and  the  front  spring  are 
hung  in  such  a  way  that,  when  the  spring  is  depressed, 
the  wheels  must  turn  to  one  side,  the  steering-wheel 
must  turn  in  the  hands  of  the  operator  or  something 
must  bend.  When  a  car  is  being  driven  on  a  wavy  road, 
this  makes  the  steering  very  uncertain  as  the  wheels 
will  turn  from  one  side  to  the  other,  not  rapidly  as  in 
the  case  in  which  the  caster  effect  is  too  great,  but  with 
each  toss  of  the  car.  Another  bad  effect  resulting  from 
this  condition  is  that,  if  the  steering-gear  is  irreversible 
and  the  wheels  fairly  heavy,  the  steering-gear  and  the 
drag-link  bearings  loosen  rapidly.  This  very  often  can 
be  remedied  by  bending  the  arm  at  the  front  end  of  the 
drag-link  up  or  down,  so  that  the  front  ball-joint  will 
be  in  a  direct  line  with  the  rear  ball-joint  and  the  front 
spring-bolt,  as  in  Fig.  4. 

Summary 

A  car  with  the  wheels  in  proper  alignment  should  have 
the  rear  axle  at  right  angles  with  the  frame  and  the  rear 
wheels  parallel  with  each  other.  The  front  wheels  should 
be  the  same  distance  apart  at  the  bottom  as  the  rear 
wheels,  but  farther  apart  at  the  top  than  the  rear  wheels 
are.  The  front  wheels  also  should  be  toed-in  3/16  in. 
after  having  been  sprung  outward  and  allowed  to  come 
back  as  far  as  the  friction  of  the  tires  will  allow.  The 
front  axle  should  be  tilted  so  that  the  king-pins  will  be 
farther  forward  at  the  bottom  than  they  are  at  the  top. 
The  spindle-arms  should  point  toward  the  center  of  the 
rear  axle,  and  the  front  and  the  rear  joints  on  the  drag- 
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ine  with  the  front  spring-bolt. 

II    is   to   take   the 

wheel,  on  the  tires.  i>  in.  from  the 

.'.  :   then  to   move   the  ear    forward   and 

m   the   identical   spot    on   the   tires. 

m   the   :'.  the   back.      The   importance   of 

ime    spot    on    the    tires 

The    rear    wheels    are    ;< 

:>t  that  the  car  is  moved  backward. 

•    methiM:  sting    for   camber   is   to   suspend   a 

plun  t-r  the  outside  of  the  tire  4  in.  in  front  of 

the  hub.     The  method  of  testing  the  rear  axle  to  sec  if 

■  :th  the  frame  i<  to  measure  from  the  center 

r.t    axl-  each    rear   brake-drum.      The 

should  be  th<  :i  each  side. 

features  are  essential  to  good  steering  and 
and  economical  operation  of  an  automobile. 
-hould  be  equipped  with  adequate  means  of 
ich  of  these  different  conditions.  I  sincerely 
hope  that  testing  for  wheel-alignment  with  a  string  or  a 
illy  been  discontinued. 

THE  DISCUSSION 

Qt  -To  what  extent  is  wheel-alignment  affected 

,.:id  by  heavy  or  rough  roai 
:i.\    F.   Dt'BY: — Heavy  mud   or  sand  would  require 
in  than  a  smooth  road,  if  driving  through  it  all 
the  time,  but  we  must  con  i  as  possible  to  meet- 

ing all  conditions.     I   use  a   1    16-in.  tolerance  in  either 
direction  from  the  3  1G  toe-in.     Differences  in  the  road 
jld  rarely  make  more  khan  a  's-in.  differ- 
in  toe-in;  so,  even  on  heavy  roads,  the  toe-in  prob- 
.ld  not  be  more  than  when  running  straight  on 
In  mud  or  sand  it  makes  only  a  slight 
difference  if  the  wheels  toe-out  some,  because  they  have 
a  chance  to  give  without  slipping  or  wearing  the  tires. 
-hould  consider  the  conditions  under  which   we  do 
of  our  driving  and  have  the  wheels  adapted  to  both 
•  roads;  if  adapted  to  one  kind  of  road  only, 
and  grind  the  tires  on  another  kind  of  road. 
in  : — It  is  noticeable  that  one  wheel  Beems  to 
the  one  that  wears  the  tire,  when  both  wheels  are 
Mine.     What  does  this  indicate  as  to  toe-in? 
Mr.  Duby: — If  the  wheels  toe-out.  almost  always  the 
and  front-tire  wears;  if  they  toe-in,  the  right  front- 
a  because  most  of  our  driving  is  done  on 
:  the  right  tire  pushes  toward  the  center 
and   the   left  tire   toward   the   side.     The  left    tire   has 
dvantage.    This  is  more  noticeable  in  a  light  car  in 
h  a  man  dri--  •  alone.     There  the  weight  on 

left  side  of  the  car  is  more  and  that  holds  the  left 
•        the  course  in  which  it  is 
and  the   right-hand   tire  takes   the   slip.     This 
ible   with    the    right-hand- 
The  difference  in  the  weight  on  the  right 
'-quailed  the  disadvantage  at  which  the  right-hand 
rating  i  ward  the  center  of  the  road  and 
:  'he  amount  of  slip  on  the  wheels. 

ounl  of  tire-inflation  play  any 
for  wheel-alignment? 
Ml  hould  be  pumped  to  the  pressure 

bicb  a  man   drive-    a   car   before   making   ■■ 

•  f  the  pri  low  that  the  tires  flatten, 

•    the   front,   will 
apar  re  pumped  hard.     But  if  a 

man  hard,  the  will  tend 

e   drives   with    a   low   tir<-- 
ted  when  they  have  low 
.Its. 


QUESTION  Regarding  the  changing  of  the  spring 
arrangement  in  the  tie-rod  with  the  idea  of  correcting 
shimmying  of  the  wheels,  should  the  angle  of  front-axle 
tilt  be  changed? 

Mr.  Duby:  -This  condition,  even  with  the  correct 
amount  of  tilt  to  the  front  axle,  will  sometime-.  t 
shimmying.  Therefore.  1  say  that  one  is  as  much  re- 
sponsible as  the  other  although,  if  the  axle  does  not  tilt, 
it  is  almost  impossible  to  get  the  shimmying  conditions 
intinue  on  a  smooth  road. 

QUESTION : — When  the  wheels  are  pushed  apart   bet 
measuring,  does  the  degree  to  which  they  return  vai  >  1 

Mb.  Duby: — No.  If  a  weak  man  pushes  the  wheels 
apart,  they  come  back  nearly  to  their  normal  position 
after  he  lets  go.  If  a  strong  man  pushes  them  apart. 
they  will  still  return  nearly  to  the  position  they  started 
from.  If  one  were  to  hold  the  wheels  while  making  the 
it  would  make  a  difference;  letting  go,  they  will 
always  come  back  nearly  to  the  original  position. 

QUESTION:-  What  effect  has  the  friction  due  to  the 
character  of  floor  surface  on  the  final  position  of  the 
wheels  after  being  pushed  apart?  What  is  the  differ- 
ence between  a  greasy  floor  and  a. cement  or  wood  floor 
free  from  grease? 

Mb.  I»t'BY: — A  greasj  tloor  causes  a  difference,  but  a 
wood  or  a  concrete  floor  makes  practically  no  difference. 

QUESTION: — When  the  drag-link  is  located  close  to  the 
wheel,  does  that  make  much  difference? 

Mr.  Duby: — When  the  drag-link  runs  crossways  of  the 
car,  the  lower  end  of  the  arm  that  extends  from  the 
steering-gear  should  be  nearly  in  line  between  the  two 
ends  of  the  tie-rod  or,  at  least,  so  that  the  drag-link 
will  run  almost  level  from  the  steering-gear  to  the 
spindle-arm.  Otherwise,  if  the  steering-gear  were  on  the 
left  side  and  the  drag-link  at  the  right  and  if  the  end 
connected  to  the  steering-gear  were  higher,  the  drag- 
link  would  tend  to  push  out  in  going  down  and  turn  the 
car  to  the  left.    The  drag-link  should  be  kept  fairly  level. 

QUESTION: — Does  center-point  steering  make  a  differ- 
ence in  the  amount  of  camber  required? 

Mr.  Duby: — The  tilting  of  the  king-pin  outward,  away 
from  the  center,  will  not  affect  the  amount  of  camber; 
neither  will  it  affect  the  tendency  for  the  spindle  to  bend 
upward;  because,  although  the  center  of  the  king-pin 
points  toward  that  part  of  the  tire  that  comes  in  con- 
tact with  the  road,  if  a  plumb  were  dropped  from  the 
center,  it  would  strike  the  road  at  a  point  inward  from 
the  center  of  the  tire  on  the  road.  The  necessity  for 
camber  would  still  exist  and  also  of  toe-in.  Their  re- 
quirements would  be  practically  the  same.  The  tendency 
for  the  spindle-arms  to  bend  backward  would  be  de- 
creased in  that  construction,  but  the  necessity  for  toe-in 
and  e  same. 

^iestion: — How  do  front-wheel  brakes  affect  wheel- 
alignment? 

Mr.  Duby:— So  far  as  I  have  examined  them,  on  all 
the  cars,  I  believe,  that  are  now  in  Boston  and  on  at 
least  one  foreign  car,  front-wheel  brakes  will  not  affect 
wheel-alignment  in  any  way  except  that  they  make  it 
to  use  stiffer  spindle-arms  than  we  use  at 
present.  Front-wheel  brakes  do  not  affect  wheel-align- 
ment because,  on  all  ears  of  which  I  know,  the  king-pin 
,  pointed  outward  at  the  bottom,  thus  bringing  its  center 
in  line  with  the  point  at  which  the  tire  strikes  the  road. 
When  using  front-wheel  brakes,  the  king-pin  must  be 
Bet  out  so  that  it  will  be  in  line  with  the  center  of  the 
tire  where  it  come-  into  contact  with  the  road. 

I )\  i    TION  :     I  have  had  the  right-hand  front-tires  wear 
■n  the  outside  during  the  pat  year;  the  center 
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remained  in  perfect  condition.  What  is  the  reason  for 
this? 

Mr.  Duby: — If  the  tires  wear  on  the  outside  of  the 
right  front-wheel,  that  is  almost  a  sure  sign  that  the 
wheels  are  not  perfectly  lined-up.  Some  would  say  that 
the  wheels  are  perfectly  adjusted  if  %-in.  toe-in  is 
allowed,  the  reading  being  taken  from  the  felloes  at  the 
center,  but  any  car  equipped  with  stiff  arms  will  not  stand 
%-in.  toe-in  if  the  readings  are  taken  from  the  felloes. 
That  will  cause  tire  wear,  and  it  cannot  be  remedied  until 
the  amount  of  toe-in  is  decreased. 

Question: — What  about  the  cupping  of  tires?  Tires 
wear  in  waves. 

Mr.  Duby: — The  general  practice  of  cambering,  or 
setting  the  wheels  closer  together  at  the  bottom,  is 
thought  by  many  not  to  affect  tire  wear,  but  after  2  deg. 
of  camber,  the  "cupping"  conditions  mentioned  are  pro- 
duced because  the  wheel  strikes  the  road  before  it  has 
completed  its  inward  travel  as  it  goes  toward  the  bottom. 
It  must  either  slip  or  distort  the  tire  as  it  approaches 
the  bottom.  It  slips  until  the  pressure  on  the  tire  is 
sufficient  to  hold  it  from  slipping;  then,  as  it  slips,  it 
has  to  slip  back  as  the  tire  leaves  the  road.  Therefore, 
a  double  slip  takes  place,  unless  one  is  driving  on  a 
crowned  road  so  that  the  wheels  make  contact  with  it 
at  right  angles ;  then,  the  wheels  crowd  from  the  center, 
and  some  tire  scuffing  results.  A  tire  with  a  long  cross- 
bar would  take  a  good  grip  on  the  road  as  the  tire  rolls 
from  the  point  of  contact  to  the  point  at  which  it  leaves 
the  road;  a  short  crossbar  would  take  the  slippage.  On 
tires  having  uniform  knobs  or  buttons,  one  end  of  each 
knob  will  wear,  leaving  the  other  end  practically  not  worn 
at  all.  This  is  due  to  the  camber  effect.  As  the  car  is 
driven,  the  slippage  all  conies  from  the  time  the  tire 
comes  into  contact  with  the  road  until  it  reaches  the 
bottom.  If  a  car  is  being  driven  at  a  high  rate  of  speed, 
most  of  the  time  the  tire,  as  it  leaves  the  bottom  and 
approaches  the  point  of  leaving  the  road,  does  not  touch 
the  road  at  all  in  some  cases.  I  have  been  told,  by  en- 
gineers present  when  tests  were  made,  of  a  picture  of  a 
tire  that  did  not  touch  the  road  from  a  point  a  short 
distance  back  of  the  center;  and  to  where  it  touched  the 
road  in  front  of  the  center  was  four  times  as  great  a 
distance  because  it  takes  time  for  a  tire  to  resume  its 
shape  after  it  has  been  depressed.  At  a  high  rate  of 
speed,  that  part  of  the  tire  has  been  carried  away  from 
where  it  would  come  into  contact  with  the  road. 

R.  E.  Northway: — I  had  a  car  5  years  ago  that 
showed  bad  tire  wear  on  the  right  side.  I  had  a  replace- 
ment and  tested  the  wheels.  Finally,  I  had  the  springs 
taken  off  and  found  that,  from  the  center  of  the  front 
eye  to  the  center-bolt  the  right-hand  spring  was  *4  in. 
short  and  the  left-hand  spring  ys  in.  long,  a  difference  of 
%  in.  I  remedied  this  by  getting  two  springs  that 
matched.  Tire  wear  ceased  at  once.  Little  things  enter 
into  the  proposition  of  wheel-alignment.  Differences  of 
camber  and  of  springs  make  a  difference  in  both  tire 
wear  and  wheel-alignment. 

Mr.  Duby: — Perhaps  the  trouble  Mr.  Northway  men- 
tions was  corrected  in  some  other  way,  while  the  woi'k 
on  the  springs  was  being  done.  I  see  no  reason  why 
having  one  end  *4  in.  farther  back  than  the  other  would 
cause  any  tire  wear.  If  the  front  axle  is  farther  back  on 
one  side  than  on  the  other,  both  of  the  wheels  point 
ahead  and  will  roll  perfectly  freely  until  such  time  as  they 
have  to  go  round  a  corner  or  in  a  circle.  Then  they  will 
be  out-of-line  because  the  two  spindle-arms  do  not  point 
directly  toward  the  differential.  If  the  rear  axle  were 
from  2  to  3  in.  out-of-line,  that  condition  would  be  serious 


enough  to  cause  tire  wear,  but  I  do  not  see  how  *4  in- 
could  make  any  difference.  I  have  seen  the  wheel-align- 
ment changed  Vi  in.  by  putting  a  new  radius-rod  on  the 
front  end  of  a  car,  because,  in  putting  the  rod  in,  the 
tilt  of  the  front  axle  was  changed.  In  the  case  Mr. 
Northway  cites,  putting  in  a  new  spring  may  have 
changed  the  tilt.  If  we  turn  the  front  axle  one-quarter 
turn,  the  wheels  toe-in  the  full  amount  that  they  were 
originally  cambered.  On  one  car  that  Dsaw  in  Detroit, 
they  tested  the  wheel-alignment  before  putting  on  the 
body  and  allowed  %-in.  toe-in,  and  the  tire  wear  after  the 
car  left  the  factory  was  considerable.  I  tested  one  of 
the  cars  with  the  body  on  and  found  it  to  be  toeing-in 
%  in.  A  sedan  car  toed-in  7  16  in.  We  tested  10  or 
more  out  of  a  row  of  cars,  and  found  they  averaged 
more  than  a4-in.  toe-in  on  each  one.  I  took  a  pointer, 
for  testing,  placed  it  between  the  wheels  and  jumped  the 
body  up  and  down,  the  pointer  moved  in  and  out  almost 
y±  in.  It  was  decided  that  it  was  best  to  test  wheels 
after  the  bodies  were  installed,  instead  of  before.  The 
tilt  was  changed  after  the  weight  was  added  to  the  car. 
One  make  of  car,  having  an  original  toe-in  of  %  in.,  will 
be  toeing-in  5  16  in.  with  five  people  in  the  car;  how- 
ever, a  difference  of  1/16  in.  will  cause  no  serious  harm. 

Question  : — Is  there  any  direct  proportion  between 
camber,  tilt  and  toe-in? 

Mr.  Duby: — As  stated  in  my  paper,  by  increasing  the 
amount  of  camber,  the  wheels  are  brought  into  contact 
with  the  road  at  a  point  nearer  to  being  under  the  center 
of  the  king-pin,  thereby  eliminating  one  reason  for  toe- 
in;  but,  by  cambering,  we  make  a  cone  of  the  wheel  at 
the  point  where  it  comes  into  contact  with  the  road,  thus 
adding  a  different  reason  for  the  toe-in  and  one  offsets 
the  other.  The  amount  of  toe-in  will  be  the  same,  re- 
gardless of  the  camber.  I  have  tried  this  out  thoroughly 
and  am  well  satisfied  on  that  point.  The  wheel  alignment 
is  not  affected  by  the  tilt,  so  far  as  measuring  when  cars 
are  standing  still  is  concerned.  If  the  degree  of  tilt  is 
changed,  that  changes  the  amount  of  toe-in.  In  other 
words,  the  degree  of  tilt  does  affect  the  wheel-align- 
ment by  causing  shimmying.  That  is  not  a  difficult 
defect  to  discover  in  measuring  wheels  when  standing 
still,  but  it  affects  the  driving  and  the  steering.  The 
amount  that  wheels  are  cambered  will  not  affect  the 
amount  they  should  be  tilted.  The  amount  the  axle  is 
tilted,  if  kept  within  reasonable  bounds,  will  not  affect 
the  amount  that  the  wheels  should  toe-in. 

Question: — Considering  a  left-hand-drive  car,  what 
is  the  proportion  of  cars  that  show  the  most  wear  on 
the  right-hand  front  tire? 

Mr.  Duby: — Neither  the  wheel  nor  the  tire  knows 
which  steering-arm  that  steering-gear  is  connected  to. 
The  tie-rod  is  holding  one  arm  just  as  rigidly  as  it  does 
the  other,  unless  the  tie-rod  should  be  very  springy  and 
bowed  down  in  the  center.  On  that  type  more  toe-in  will 
be  required,  due  to  the  fact  that,  as  the  car  goes  along, 
the  tie-rod  will  bow  down  more  as  the  car  goes  faster; 
so,  we  must  give  that  car  more  toe-in,  but  it  is  done 
automatically.  The  tie-rod  springs  down  and  comes 
back;  therefore,  if  the  testing  is  done  right,  no  differ- 
ence as  to  tire  wear  will  be  noticed. 

Mr.  Northway: — Mr.  Duby  suggested  that  we  pro- 
vide a  caster  effect  of  3  deg.  We  made  some  tests  on  that 
in  bus  work  up  to  4  deg.;  this  increased  the  ease  of 
steering,  but  certainly  increased  the  shimmying  effect. 
We  found  that  2  deg.  was  the  maximum  we  could  allow 
safely.  A  caster  effect  of  3  deg.  was  too  much  for  high- 
speed work  and  rough  roads.  The  wheels  would  wabble 
and  we  could  not  control  it. 
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Mr.  Dubt: — The  condition  may  have  been  due  to  this 

that  I  mentioned  about  two  springs  in  one 

«f  the  drag-link.     This  g  steering-gear  that 

does  not  back  to  the  same  spot,  but  it" 

ne  spri:  b  end,   with   one  allowing  the 

drag-link   to   lengthen   and   the    other    permitting    it    to 

••  .  •   back  to  a  stop,  and  we 
have  the  link  so  it  will  always  come  back  to  the  same 


point  and  correct  the  tendency  to  rock.     Possibly, 
;!T-in.  tire,  3  deg.  of  camber  would  be  too  much.    I  have 
not  tested  with  so  large  a  tire.    Most  of  my  testing  lias 
been  OB  smaller  tires. 

Mi;.  NORTH  WAY: — All  our  tests  were  made  with  drag- 
links  that  were  equipped  with  one  spring  in  each  end, 
one  allowing  the  link  to  lengthen  and  the  other  allowing 
it   to  shorten. 


THE  PRICK  OF  AGRICULTURAL  PRODUCTS 


THE  average  agricultural  output  in  the  first  decade  of 
th:  y   was  only  11   per  cent  more  than  in   1899; 

while  in  manufactures  it  amounted  to  34  per  cent.  In  1909. 
the  index  of  agricultural  production  stood  at  118  and  manu- 
factures at  163.  The  population  of  the  country  in  this 
same  period  had  grown  more  than  20  per  cent.  Nearly  all 
of  this  addition  to  our  people  was  found  in  cities  and  towns. 
e  15.000,000  people  who  had  been  added  to  our  numbers, 
more  than  12,000.000  became  city  dwellers.  For  the  20  years 
from  1899  to  1919,  the  volume  of  farm  products  had  in- 
creased by  35  per  cent,  while  the  output  of  manufactures  had 
grown  by  more  than  100  per  cent.  Our  population  in  the 
same  time  had  become  40  per  cent  larger,  while  the  dwellers 
in  cities  and  towns  had  increased  by  60  per  cent. 

From  1899  to  1909,  freight  rates  were  practically  station- 
ary; they  did  not  join  in  the  upward  movement  of  prices. 
In  fact,  this  situation  continued  until  the  end  of  the  year 
Not  until  1920  were  freight  rates  raised  to  the  level 
of  other  prices.  The  revenue  per  ton  of  freight  moved 
1  mile  had  been  1.232  cents  in  1880.  From  that  level  it 
fell  to  0.729  cents  in  1900  and  remained  practically  stationary 
until  1917,  when  it  stood  at  0.717  cents.  In  March,  1921, 
and  in  1923  it  is  1.10  cents  per  ton-mile.  The 
effect  of  this  failure  to  adjust  freight  rates  to  the  general 
movement  no  doubt  had  much  to  do  with  the  rapid  increase 
in  farm  prices  and  in  land  values. 

In  1900  came  the  Boer  War  and  in  1904  the  Russo- 
Japanese  War.  Both  these  conflicts  had  the  effect  of 
stimulating  the  demand  for  American  farm  products.  The 
nations  involved  in  these  wars  were  able  to  command  credit 
with  which  to  buy  the  things  they  needed.     The  three  decades 


of  peace  and  of  industrial  development  that  had  preceded 
had  placed  the  world  in  a  position  where  Government  bonds 
were  readily  absorbed  by  the  international  money  market. 
In  addition  to  these  military  conflicts,  Europe,  like  ourselves, 
was  enjoying  an  unprecedented  industrial  development. 
Mining,  manufacturing  and  construction  work  were  active 
and  were  yielding  large  profits.  Population  was  increasing. 
The  growth  of  cities  is  not  alone  an  American  manifestation 
during  the  first  two  decades  of  this  century;  it  was  universal 
in  the  Western  world.  All  of  this  accentuated  the  tendency 
of  demand  for  agricultural  products  to  outrun  the  supply 
at  the  old  prices. 

For  many  years  people  have  moved  from  the  farms 
to  the  cities;  and  for  many  years,  too,  people  who  came 
into  this  country  as  immigrants  have  settled  in  our  industrial 
centers  rather  than  on  our  farms.  By  this  process  the 
number  of  people  in  cities  and  towns  grew  from  about 
45,000,000  in  1899  to  almost  75,000,000  in  1919;  while  the 
number  of  people  on  farms  remained  almost  stationary 
at  not  far  from  30,000,000.  The  former  had  to  be  fed  by 
the  latter.  As  a  result  of  this  disparity  in  the  growth  of 
population  and  the  consequent  disparity  in  the  volume  of 
agricultural  production  as  compared  with  industrial  output, 
the  prices  of  agricultural  products  rose  more  rapidly  than 
did  those  of  other  things.  Unless  all  precedent  fails,  the 
renewed  movement  of  people  from  the  farms  to  the  cities, 
which  has  been  in  progress  since  the  revival  of  business 
from  the  recent  depression,  will  do  more  to  restore  the 
balance  that  the  farmer  seeks  than  any  legislative  action 
can  possibly  accomplish. — Prof.  David  Friday,  New  School 
for  Social  Research. 


CENSUS  OF  VEHICLE  INDUSTRY 


TMf  to  the  Bureau  of  Census  by  the  manu- 

•  establishments  in  the  United  Stal  that  the 

value  of  their   products  aggregated  in    1921, 

ai  ••!   with  $62/'  0   in    1919,  a  decrease  of  30 

npared  with  the  value  of  products  reported  for 
K«14,  thin  represents  an  increase  of  HO  per  cent  and  was  due 
largely  to  the  rise  in  prices.     The  average  number  of  wage- 
mployed  in   1921    v.  or  23  per  cent  less 

than  the  number  reported  for  1919.    The  difference  bet 
the    :  down    for    1914    and    192  y    little.     The 

(21   relate  only  to  establishments  hav- 
ing  products   valued    at    $5,000   or    more,    whereas   at   prior 
onding  limit  was  | 
Th-  inying    table    summarizes    the    statistics    for 

for  land  transportation.     It  will   be   I 
in   this   connection   that  while   the  carriage    and   wagon    fac- 

ire  more  than  double  the 
plants  building  motor  vehicles,  the  latter  employ  a  much 
larger  force. 


STATISTICS    OF   VEHICLES    FOR   LAND    TRANSPORTATION 
1921 


I'OR 


Industry 
Motor  Vehicles  385 

Motor-Vehicle        Bodies 

and    I'artB  1,947 

Wagons, 
Including  Ri  i  826 

I  ..I  rhik-.'     and     Wagon 

M:ilerlall  141 

i  Sleds, 
Child!  89 

Railway, 
not  including  Opera- 
tions of  Railway 
<  !omp  10 

Bteam-R&llroad, 
including  Opera- 
tions     of      Railroad 
Companies  108 

■  i.  •■  and  Parts  22 

lea  and  Parts  24 

Wheelbarrows  11 

Total  8.B90 


Number  of        Average 
tab-      Numli'T  of 
lislunents  Wage  I 


143.058 
69.119 

7,797 
2,747 
5,460 


2.912 


45.121 

1,643 
228 


due 

Of  Products 

»1, 671,888,976 

408.016,632 
31,658,791 
10,787.177 
21,716.839 

14,856.068 


325,  680 
13,507. 971) 
9,529,771 

1.454.581 


281.350  J2, 508, 654. 870 
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The  Public's  and  the  Car-Builders' 
Attitude  Toward  Balloon  Tires 


By  .I.E.  Hale1 


Indiana  Section  Paper 


Illustrated  with  Photograph  and  Drawing 


STATING  that  the  adjustment  records  of  the  tire  com- 
panies afford  ample  proof  that  under-inflation  is  one  of 
the  most  flagrant  forms  of  tire  abuse,  the  author  cites  this 
to  show  that  the  public  demand  is  to  ride  on  tires  having 
low  inflation-pressure  on  account  of  the  comfort  secured 
thereby.  Statistics  obtained  in  1922  show  that  endurance, 
economy  of  operation  and  comfort  head  the  list  of  car  at- 
tributes that  the  public  desires  most.  It  is  claimed  that 
these  qualities  are  securable  by  using  low-pressure  air  in 
tires  or  sufficiently  large  cross-section  and  special  design. 

An  analysis  of  the  opposition  to  balloon  tires,  the  effect  of 
balloon  tires  on  acceleration  and  pick-up,  an  argument  to 
show  that  the  balloon  tire  is  a  distinct  type,  details  of  bal- 
loon-tire application  to  cars  and  rebound-checks  as  adjuncts 
to  the  use  of  balloon  tires  comprise  the  main  divisions  of  the 
paper.     Six  specific  conclusions  are  presented. 

IN  the  paper  entitled  Shoeing  a  Car  with  Low- 
Pressure  Air.5  which  I  presented  at  the  Semi-Annual 
Meeting  of  the  Society,  at  Spring  Lake,  N.  J.,  in 
June,  1923,  the  treatment  of  this  subject  was  from  a 
tire-maker's  point  of  view.  I  reported  my  observations 
on  what  the  tires  would  do  for  the  car  and  how  they 
would  affect  the  operation  of  the  car,  made  some  predic- 
tions on  their  durability  and  cost  and  concluded  by  pro- 
posing a  line-up  of  sizes  with  a  recommendation  for 
amounts  of  air  pressure.  This  summarized  the  very 
extensive  development  work  in  which  we  had  been  en- 
gaged and  was  really  a  first  presentation  of  the  subject 
to  the  industry.  Since  then  the  matter  has  been  given 
such  wide  publicity  that  not  only  the  car-builders  but  a 
considerable  proportion  of  the  public  have  become  ac- 
quainted with  the  possibility  of  riding  on  low-pressure 
air.  All  the  car-builders  have  had  sample  sets  of  balloon 
tires  for  experimental  purposes.  Also,  many  private 
owners  have  had  their  cars  changed-over  and  have  been 
running  on  this  new  form  of  tire  equipment  for  many 
months.  It  seems  desirable  at  this  time  to  review  the 
reactions  of  these  two  groups  and  to  see  what  con- 
clusions can  be  drawn. 

The  primary  motive  underlying  this  movement  was 
the  belief  that  the  motoring  public  would  appreciate  a 
type  of  tire  that  would  permit  it  to  use  low-pressure  air. 
in  order  that  it  might  enjoy  the  greater  personal  com- 
fort of  much  improved  cushioning,  the  protection  that 
soft  tires  give  to  the  mechanism  of  the  car  and  the  im- 
proved traction  that  would  result  from  greater  tread 
contact.  As  a  matter  of  fact,  this  demand  for  low- 
pressure  tires  has  actually  existed  for  a  long  time.  The 
proof  of  this  is  that  many  people  under-inflate  their  tires. 
The  tire  companies  have  ample  evidence  of  this;  their 
adjustment  records  show  under-inflation  to  be  of  the  most 
flagrant  forms  of  tire  abuse  and,  while  undoubtedly 
many  of  the  cases  are  due  to  negligence,  it  is  well  known 
that  it  is  common  practice  for  car-owners,  who  do  not 
figure  tire-mileage  costs,  to  run  deliberately  at  low  in- 


flation for  the  comfort  and  protection  that  they  can  se- 
cure. 

Since  disclosing  the  balloon  tire  and  explaining  that 
it  is  deliberately  designed  to  use  low-pressure  air,  the 
public  has  grasped  the  idea,  and  definite  indications  are 
noticed  that  it  will  take  matters  into  its  own  hands  and 
ride  on  low-pressure  with  its  present  equipment  which, 
of  course,  is  something  we  cannot  authorize  with  the 
heavy,  thick-wall  construction.  The  important  point  is 
that  the  public  wants  the  personal  comfort,  the  protec- 
tion of  the  car  and  the  like  that  low  pressure  gives.  Our 
problem  is  to  produce  the  true  low-pressure  tire  that 
we  can  stand  back  of. 

Further  evidence  of  the  logic  of  this  movement  is 
given  by  the  returns  of  the  ballot  taken  by  the  National 
Automobile  Chamber  of  Commerce  in  1922,  in  which 
it  sought  "what  the  public  wants"  from  20,000  car- 
owners.  In  these  returns,  endurance,  economy  of  opera- 
tion and  comfort  head  the  list  of  the  attributes  the 
public  desires  most,  and  these  are  the  things  that  we 
claim  are  had  by  the  use  of  low-pressure  air.  The  re- 
turns were  reported  as  shown  in  Table  1. 


TABLE 

1 — CAR  ATTRIBUTES  DESIRED   MOST 

Per  Cent 

Endurance 

15.0 

Economy  of  Operation 

14.0 

Comfort 

9.5 

Price 

9.5 

Appearance 

8.0 

Service,  Good  Local  Repair 

Shops 

7.5 

Hill-Climbing 

7.0 

Flexibility 

6.5 

Endorsements, 

Opinions  of 

Other  0 

ivners 

6.5 

Specifications 

6.0 

Speed 

5.5 

Appointments 

Total 

5.0 

100.0 

'  M.S.A.E. — Manager    of    the    development    department,    Firestone 

re    &■    Rllhher    Cn        iltrnn     Ohin 


Tire  &  Rubber  Co""Akron,  Ohio. 

The  Journal.  July.  1923,  p.  41. 


One  of  the  big  problems  that  has  always  confronted 
the  tire  manufacturers  is  convincing  the  motoring  public 
that  it  must  inflate  its  tires  properly  to  avoid  premature 
failure  due  to  under-inflation.  The  fight  to  maintain  air 
pressures  is  so  old,  and  has  been  carried  on  so  persist- 
ently, that  the  motoring  public  has  accepted  proper 
inflation  as  one  of  the  nuisances  that  are  necessary  to 
the  use  of  the  automobile  and,  in  a  general  way,  it  un- 
derstands some  of  the  reasons.  But  few  have  raised  the 
question  as  to  designing  tires  that  could  be  run  at  a 
much  lower  inflation-pressure.  The  solution  of  this 
problem  was  not  evident  to  tire  designers  until  the 
evolution  in  the  tire  industry  had  opened  the  way  for 
the  balloon  tire.  Now  it  seems  so  simple  and  logical 
that  we  naturally  wonder  why  we  did  not  think  of  it 
before.  With  the  details  worked  out,  the  public  grasped 
the  idea  instinctively  and  the  reaction  we  get  from  in- 
dividuals  is   indicated  by  the   questions  they  ask,  such 
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•  ring?"  "Doea  it  cut  down 
gasoline  consumption?'"  "How  much  do  they  CO! 
"What  air  pr»  an  1  buy  a  Bet  for  my 

car?" 

zable   portion    of    the    public    hail 
1   the   a'  .arcs   of    riding   on   low- 

rare  air.  we  felt  well  pleased  with  our  efforts  when 
.  ered  the  way  to  make  riding  on  low   pressure 
rhe   psychological    reactions    that    we    have 
encountered    among    the    motor-car    builders,    however, 
have  disclosed  various  points  of  view.     Of  course,   the 
tion   in  most  case-   was  that   of  curiosity,   to 
..-  possible  about  the  tires  from  personal 
•n  sample  sets.     Then,  true  to  the  responsi- 
bilities of  their  positions,  each  and  every  car-designer 
proceeded  to   search    for   objections  to   this   new  equip- 
ment; naturally,  they  found  that  the  balloon  tires,  hav- 
ing some  characteristics   different   from  those  of  high- 
-ure  pneumatics,   could  not   be  substituted  without 
due  consideration.     They  agree  almost   universally  that 
the  low-pressure  tires  give  a  better  ride;    in   no  case 
have  I   heard  any  contention  that   the   tires  do   not   do 
what  we  claim  for  them,  yet  the  attitude  toward  them 
•s  all  the  way  from  actual  adoption  to  direct  opposi- 
tion, with  all  kinds  of  intermediate  opinions.     So,   the 
matter  we  are  facing  in  satisfying  the  public  on  low  air- 
pressures  is  to  examine  more  closely  into  the  apparent 
ance  toward  the  adoption  of  this  type  of  tire.     In 
a  general  way,   it   must  be  due  to  psychological,  engin- 
eering or  economic  reasons. 

Analysis  of  Balloon-Tire  Opposition 

So  far  as  economic  reasons  are  concerned,  the  mone- 
tary appropriations  involved  are  not  excessive,  since 
they  are  confined  to  fender  charges  and  details  of  brake 
and  axle  design  to  provide  additional  offset.  As  to  en- 
gineering obstacles,  I  have  not  heard  of  anything  in- 
surmountable in  this  direction.  Naturally,  a  new  tire- 
equipment  of  this  description  could  not  be  expected  to 
fit  the  vehicles  without  some  alterations  or  modification- : 
but  I  submit  as  proof  that  the  objections  cannot  be 
serious  the  fact  that,  of  the  dozens  of  cars  which  have 
been  changed-over,  the  owners  have  found  them  to  be  en- 
tire! Of  course,  in  some  cases  the  fenders 
were  not  wide  enough  with  the  new  equipment  and  as  a 
•  mud  would  be  spattered  in  an  objectionable  man- 
ner; but  this  is  simply  something  for  the  car  engineers  to 
overcome  by  redesigning  the  fenders. 

In  a  few  cases,  car  designers  have  encountered  front- 
wheel  shimmy  with  cars  fitted  with  balloon  tires  and  for 
that  reason  have  disapproved  of  this  form  of  equipment. 
So  far  as  I  have  been  able  to  discover,  this  form  of 
trouble  almost  never  occurs  at  speeds  below  60  m.p.h. 
ases  of  front-wheel  shimmy  have  come  to  my 
attention  on  change-over  jobs  but  in  all  cases  the  -hop 
mechani'  been  able  to  make  some  adjustment-   in 

ng  mechanism  that  eliminated  it.  On  my  own 
roadster  car  I  can  bring  about  front-wheel  shimmy  at 
any  time  .  king-ofl  a  three-quarter  turn  on  a  cer- 

tain nut  in  the  steering  linkage,  thereby  introducing  a 
in  amount  of  play,  but  I  can  remove  it   simply  by 
tig'  mil    again. 

The  effort  required  for  steering  receive-  very  promi- 
nent .  irse.  A  soft  tire  steers  some- 
what harder  than  a  highly  inflated  tire,  and  this  low- 
air-pressure  project  caused  many  people  to  make 
pari  been 
ma<i'  available  which  give  satisfactory 
■    that  thi                on  will  disappear. 


BFFSCI  ON   AlVKLKRATION 

Another  point  that  has  come  up  in  a  tew  cases,  and 
apparently  has  been  registered  as  a  primary  objection, 
is  that  tlie  acceleration  in  car  performance  is  affected 
adversely  by  low-pressure  tires.  One  can  understand 
readily  why  the  car-builder  who  has  expended  a  large 
amount  of  time  and  effort  in  trying  to  excel  in  accelera- 
tion is  reluctant  to  have  any  elements  introduced  in  his 
equipment  that  will  disturb  the  performance  of  the  car. 
in  this  respect;  but,  so  far  as  I  have  been  able  to  deter- 
mine, the  low-pressure  tires  affect  the  engine  perform- 
ance only  slightly.  On  a  coasting  test,  as  one  senses, 
the  action  of  a  car  rolling  downhill  in  ordinary  driving, 
certainly  no  evidence  of  drag  or  sluggishness  is  present. 

So  far  as  fuel  consumption  is  concerned,  plenty  of 
information  is  available  to  the  effect  that  this  is  not 
affected  adversely;  in  fact,  evidence  can  be  adduced  that 
there  is  a  slight  increase  in  gasoline  mileage  when  using 
the  balloon  tires.  I  have  just  completed  a  1200-mile  trip 
in  my  4-year-old  roadster  that  was  equipped  with  balloon 
tires  and  pretty  heavily  loaded.  I  averaged  17  miles 
per  gal.  for  the  entire  trip. 

Predictions  of  serious  accidents  have  been  registered 
in  case  one  of  these  thin-wall  tires  should  blow-out  on 
a  vehicle  running  at  high  speed,  particularly  a  front- 
wheel  tire.  So  far,  no  trouble  has  been  experienced  from 
this  source;  surely,  if  the  allegation  were  true,  some- 
thing would  have  happened  long  before  this  because  a 
large  number  of  these  tires  have  been  in  service  long 
enough  to  give  actual  experience  along  this  line.  The 
experiences  that  have  relieved  most  completely  the  minds 
of  those  who  were  apprehensive  in  this  regard  are  those 
of  Cannonball  Baker.  He  had  a  front  tire  go  flat  while 
running  a  touring  car,  55  m.p.h.  He  reported  that  he 
noticed  no  particular  difference  in  the  performance  of  the 
car  with  the  7.30-in.  balloon-tires,  which  he  had  on  the 
car  at  the  time,  and  similar  occurrences  that  he  had 
previously  with  the  regular  33  x  5-in.  high-pressure  tires. 
In  other  words,  there  was  nothing  dangerous,  the  only 
reaction  being  a  slight  tendency  for  the  car  to  draw  to 
the  flat-tire  side.  He  had  a  tire  go  flat  on  a  rear  wheel 
while  running  75  m.p.h.  Inasmuch  as  he  was  attempting 
to  make  a  record,  he  continued  to  run  at  high  speed  tor 
15  miles  on  the  flat  tire.  Fig.  1,  shows  the  condition 
of  this  tire  after  it  was  sent  in  for  our  inspection.  The 
punishment  was  so  severe  that  the  rubber  was  actually 
all  gummy  from  being  devulcanized.  But  the  important 
thing  is  that  he  was  able  to  drive  the  car  with  this  dish- 
rag-like  appendage  on  the  wheel.  Incidentally,  it  is  in- 
teresting to  note  the  thorough-going  way  in  which  the 
company  that  built  the  touring  car  mentioned  was  able 
to  investigate  air-cushion  tires  by  putting  the  car,  BO 
equipped,  into  the  hands  of  a  driver  like  Cannonball 
Maker.  This  course  enabled  the  company  to  reach  con- 
clusions very  quickly. 

At   the    inception   of   this    balloon-tire   idea,   we  were 
rather  of  the  opinion  that  we  were  developing  a  luxury 
tire  which  probably  would  be  limited  to  application  on 
cars  of  the  more  expensive  type;  but,  as  our  work  ex- 
panded and  we  began  to  get   reactions  from  car-build 
it   became  apparent    that   the  low-pressure  air  would  he 
universally  desirable.     As  a  matter  of  fact,  low-pre 
air  in  tires  offers  a  greater  improvement  comparatively 
in  comfort  and  in   protection   to  the  vehicle  in  the 
of  moderate  and  low-priced  cars. 

Bali/kin  Tikks  A  Distinct  Type 
It   should  be  understood  definitely  that  what  we  term 
balloon    tires,    while    they    resemble    the    high-pressure 
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pneumatic  tires,  are  sufficiently  different  in  many  of 
their  details  to  constitute  an  entirely  distinct  type.  The 
distinguishing  features  of  a  true  balloon-tire  are:  a  very 
thin  carcass,  narrow  rim-fitting,  air-pressure  recom- 
mendations for  actual  use  ranging  from  20  to  35  lb.  per 
sq.  in.,  a  small-diameter  rim  to  accommodate  standing 
diameters  no  greater  than  those  used  at  present  and 
special  tread  designs  adapted  to  low-pressure  tires.  My 
opinion  is  that  the  present  line  of  tires  and  rims  cannot 
be  converted  into  the  true  balloon-type  by  oversizing 
and  splitting  the  difference  in  the  number  of  plies  used. 
A  satisfactory  series  of  tire  sizes  for  the  new  type  has 
been  under  development  for  practically  a  year  and  in 
the  following  text  I  report  certain  general  observations 
on  the  application  of  it  to  motor  cars.  This  is  a  problem 
having  two  aspects;  that  is,  the  application  of  balloon 
tires  as  original  equipment  and  their  use  as  a  change- 
over equipment  for  cars  now  in  service.  Our  judgment 
is  that  four  section-sizes  of  tire  are  necessary  to  equip 
the  various  cars  properly  with  tires  and  at  the  same 
time  to  allow  the  pressure  recommendations  of  from  20  to 
35  lb.  per  sq.  in.  In  a  general  way,  the  choice  of  tire 
sizes  to  be  applied  to  the  various  cars  is  shown  in  Table 
2.  We  have  found  that  the  cars  can  be  grouped  according 
to  their  wheelbases  much  more  logically  than  in  any  other 
way,  because  cars  of  approximately  the  same  wheelbase 
are  likely  to  be  of  about  the  same  weight.  Some  wheel- 
bases  are  omitted  from  Table  2.  These  are  border-line 
cases  for  which  the  tire  sizes  must  be  chosen  by  careful 
consideration  of  the  front  and  rear  weights  when  the 
car  is  loaded. 


TABLE  2 — BALLOON-TIRE  SIZES  SUITABLE 

FOR  THE  VARIOUS 

CARS 

High-Pressure 

Wheelbase 

Balloon 

Pneumatic- 

Maximum 

Range  of  Cars 

Tire,  Actual 

Tire  Equiv- 

Load per 

for  Each  Size 

Section,  In. 

alent,  In. 

Wheel,  Lb. 

of  Tire,  In. 

4.40 

3.5 

750 

100  to  103 

5.25 

4.0 

1,000 

108  to  115 

6.20 

4.5 

1,300 

118  to  126 

7.30 

5.0 

1,700 

130  to  140 

Balloon-Tire  Application 

When  the  factory  fits  balloon  tires  to  new  vehicles  or 
does  change-over  work  on  existing  cars,  only  two  prob- 
lems arise;  first,  how  much  to  offset  the  rear  wheels  to 
clear  the  brake  rigging  so  that  the  sidewall  of  the  tire 
and  the  flange  of  the  rim  will  clear;  second,  how  to 
provide  means  for  carrying  the  spare  tire.  Fig.  2  en- 
ables one  to  visualize  the  relative  positions  of  the  two 
types  of  equipment.  In  cases  where  the  rear  wheels  do 
not  have  to  be  offset  and  the  brake-drums  are  not  too 
large  in  diameter,  the  wood  wheels  can  be  rebuilt  using 
a  steel-felloe  wheel  and  a  demountable  rim  that  has 
been  designed  especially  for  these  tires.  These  demount- 
able rims  are  of  the  endless  type  and  have  a  spring 
side-ring.  Where  wood  wheels  cannot  be  used  because 
they  cannot  be  offset  sufficiently,  either  wire  or  disc 
wheels  must  be  resorted  to  and  for  these  cases  the  same 
type  of  rim  has  been  worked  out  in  such  a  manner  as 
to  be  built  into  the  disc  or  the  wire  wheel  as  the  case 
may  be. 

We  have  found  that  fitting  tires  of  the  4.40  and 
5.25-in.  size  to  cars  in  their  respective  classes,  is  a  fairly 
straightforward  proposition,  the  fender  and  the  brake- 
drum  clearances  being  naturally  sufficient  to  accommo- 
date  the  tire   change  without   any  complications.     The 


Fiq.   1 — A  Balloon  Tirb  That  Ran  for  15  Miles  at  High   Speed- 
After  Going  Flat   at    a    Speed  of   75   M.P.H. 


Fig.     2  —  Relative     Positions     of 

Balloon  and  Pneumatic  Tires  as 

Applied  to  an  Ordinary  Wheel 
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builc.  uld  adopt  the  balloon 

:i  their  chassis  d< 
cerned. 
In  .  -  on-tire  as  a  substitute  for 

126-in.  wheelbase,  in 
a  heels   must   be  offset   by   amounts 
that   the  sidewall   of  the 
\inge  of  the  rim  will  clear  the  brake-  ■ 
arm  properly.     In  practically  all  cases  the  fenders  are 
wide  enough  to  cover  the  tires  properly  against   mud- 
■ 
The  7.30-in.  tires  replace  the  S3  x  5-in.  size  and  are 
•ically  identical  in  standing  diameter;  BO,  the  fender 
tory.      However,    the    brake-drum 
diameter  of  these  large  sufficiently  great    that 

brake-mechanism  interference  calls  fur  a  greater  ol 
of  the  tire  for  proper  clearance.  3i   in.  or  more;  so,  the 
sidewall  of  the  tire    in   some  rather  near   the 

ine  and  this,  of  course,  would  account   for 
mud-slinging.     Car-builders    naturally   are    reluctanl 
narrow  the  wheel  housing  because  it  cuts  into  the  seat 
spac  esult,  th.  nee  on  this  point  is  rather 

difficult   to  handle  unless  there   is   a   willingness   to   in- 
.re  of  the  rear  wheels  to  make  up  the  de- 
have  been  received  that   the  turning- 
radius  of  the  steering-wheels  has  l»een  reduced  slightly 

REBOINI)  (II: 

In  my  former  paper1  I  mentioned  the  desirabilit 

•'Und    checks    and 

■;t    with   balloon   tires    without 

ents.     I  want  tn  emphasize  now  even  more 

■e  devices  of  this   sort   are   necessary. 

The  low-  will  take  care  of  the  pavement 

irregularities  splendidly  but  depressions   in  and  humps 

on  the  general  road  level,  that  naturally  are  beyond  the 

capability  of  the  tire  to  care  for  and   that  call  on  the 

spring  action  seem  to  produce  excessive  rebound.     I  have 

four.  advantage   to   keep   the    spring 

leaves  well  oiled. 

■ination  must   be   used   in   choosing   a   type   of 
jnd  check.     We  have  had  cases  where  the  applica- 
tions are  very  unsatisfactory.     The  rebound  seemed  to 
be  over-checked   t*  such   a  degree  that  the   riding  was 
mely  choppy  and.   it;  all  adjustments,   the 

could  not  be  cured.     On  the  other  hand,  the 
"und  check  gave  ver>  tlta  when 

applied  to  another  car.     This  leads  me  lude  that 

ition    in   which  the  spring 
char;.  play  an  important  part. 

Balloon-Tii., 

It  is  nearly  a  year  now  since  balloon  tires  have  been 
und>  mental  observation  and  the  major  develop- 

■;.•••:.      Naturally,   some   details   will 
re    modification    and    different    treatment,    bu- 

automobile   industry   should  consider   this 

form  of  tire  equipment  now  in  its  hands.     It  is  for  that 

le  what  shall  t>e  done  with  it.     We  know 

in  the  balloon  tires;  for  instance, 

from    under-inflation    the   same   as   the 

higr  Air' ;  have   had  a  case 

in  which  an  uld  have  run  with  an  air-pressure 

o  lb.  per  sq.  in.  but  used  a  pre  JO  lb.  per  sq. 

in.  'he  tires  failed  prematurely.     We  find 

that  in  man;.  dividual*  think  that  it  will  be  pos- 


sible to  use  pressures  much  lower  than  those  we  really 
contemplate. 

Front-wheel  alignment  must  receive  more  attention 
on  cars  equipped  with  the  balloon  tires.  Prematura 
tread-wear  because  of  misalignment  is  common;  the 
low-pressure  tires  are  much  more  sensitive  to  this  form 
of  abuse  than  are  the  high-pressure  tires.  Our  whole 
experience    leads    to   the    following   conclusions: 

111  Unquestionably,  the  public  will  ride  on  low-pres- 
sure air 

1 2  i    Tlie  tire  companies  must  meet  the  situation  by  de- 
signing and   marketing   tires   that   can    be    u 
with  low-pressure  air 
The   public   demand   for  balloon   tires   unquestion- 
ably  will   be   so  great  that   a   large    number    of 
existing  cars  will  be  ehanged-over  to  use  them 

1 4 1  The  public  will  pay  more  for  balloon-tire  equip- 
ment because  it  looks  better,  rides  better,  brakes 
better  and  saves  the  car 

(5)  As   soon    as    builders    have    learned    what    balloon 

tires  will  do  for  a  car,  they  will  be  able  to  use 
lighter  design  and  thereby  save  money 

(6)  The  January,   1924,  automobile  show  will   include 

many  cars  equipped  with  balloon  tires 

THE  DISCUSSION 

Question: — Is  the  name  "Balloon  Tire"  appropriate? 

Why  not   use  "Comfort  Ti> 

J.  E.  HALE:— I  did  not  like  the  name  "Balloon  Tire" 
and  our  company,  also,  hoped  to  get  a  more  dignified 
name  such  at  "Air-Cushion  Tire."  But  everybody  seems 
to  say  "Balloon  Tire"  and  we  cannot  prevent  it. 

W.  <;.  Wall: — Does  the  eventual  fatigue  of  rubber 
have  a  large  bearing  on  the  life  of  the  tire,  or  does  the 
life  depend  on  the  fabric?  By  testing  the  rubber  and 
the  fabric  in  a  machine,  can  definite  statistics  be  ob- 
tained in  regard  to  just  the  number  of  vibrations  they 
will  withstand? 

.Mr.  HALE:— I  cannot  give  a  definite  answer  as  to  the 
resistance  to  flexing  of  rubber  that  is  not  reinforced 
with  fabric.  My  impression  is  that  the  ability  of  good- 
quality  rubber  to  flex  repeatedly  is  so  great  that  it  will 
continue  to  function  in  that  way  as  long  as  the  rubber 
is  in  good  condition.  We  know  that  rubber,  under  stl 
ages  and  becomes  hard  more  rapidly  than  'rubber 
under  stress.  However,  the  cotton  is  the  foundation  of 
the  tire.  The  rubber  part  will  outlast  the  cotton  part. 
The  tire  that  wears  out  normally  wears  its  tread  off.  We 
could  increase  the  life  of  the  tire  by  putting  more  tread 
on.     We  try,  however,  to  build  a  balanced  tire.. 

We  recognize  about  50  to  60  different  types  of  tire 
failure.     Flexing  weakens  the  cotton,  causing  it  to  fray- 
out      Much   of  that   action    is   in   the  side-wall  seel 
of  the  tire.     Obstacles,  such  as  sharp  sticks  and  g 

n  cut  or  pierce  the  tread  rubber  and  get  down  into 
the  cotton.  That  lets  in  water  and  dirt  and  the  fabric 
begins    to    disintegrate   slowly. 

Mr.  Wall: — In  these  large  tires  a  certain  greater 
surface  is  being  subjected  to  friction  on  the  road  due  to 
the  difference  in  peed  ol  the  different  portions  of  the 
tire.  I  ioi-  that  have  a  greater  detrimental  effect  than 
on  the  tire  that  has  a  higher  pressure? 

Me.    Hale: — The   difference   in   the   rolling  speed   of 
different   portions  of  the  tread  of  the  tire  manifest 
-elf   in   a   slight    lack   of   uniformity  of   tread   wear 
is  customary  to  mount  what  we  call  a  continuous  "rid- 
t rip"   around    the   middle   of  the   tire.     This   strip 
than  the  row  of  non-skid  buttons  on  either 
. •>-,  this  effect  is  not  necessarily  detrimental 
to  the  life  of  the 
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This  difference  in  the  surface  speed  of  the  different 
portions  of  the  tread  undoubtedly  has  a  desirable  effect 
in  improving  the  braking  and  traction  characteristics 
of  the  tire,  particularly  on  wet  pavement,  since  the  dis- 
placement action  of  the  non-skid  buttons  produces  a 
squeegee  effect  tending  to  wipe  the  pavement  dry,  there- 
by increasing  the  coefficient  of  friction. 

Mr.  Wall: — Although  more  of  the  surface  of  these 
tires  is  on  the  ground,  do  we  really  have  a  better  brak- 
ing effect,  due  to  the  fact  that  the  tire  will  come  into 
contact  with  more  obstacles  than  if  it  had  only  a  small 
contact  area?  Is  not  the  balloon  tire  more  difficult  to 
steer  than  the  ordinary  tire? 

Mr.  Hale: — With  any  soft  tire,  it  is,  of  course,  more 
difficult  to  steer  than  with  a  highly  inflated  tire.  This 
is  the  natural  consequence  of  increasing  the  area  of 
contact  by  100  per  cent. 

T.  Voorhees: — Is  a  smaller  wheel  necessary  on  all 
cars  equipped  with  balloon  tires? 

Mr.  Hale: — Consider  a  33  x  5-in.  tire.  The  rim  di- 
ameter is  23  in.  A  7.30-in.  balloon  tire  is  made  as  a 
substitute  for  this  33  x  5-in.  size  and,  since  this  has  a 
larger  section,  it  is  obvious  that  the  wheel  must  be 
smaller.  We  do  not  want  to  increase  the  standing  di- 
ameter of  tires. 

L.  R.  Smith: — What  is  the  difference  in  front-axle 
clearance  with  a  fiat  tire? 

Mr.  Hale: — A  5-in.  tire  drops,  when  becoming  flat, 
3.70  in.  as  compared  with  4.75  in.  for  the  corresponding 
balloon  tire. 

T.  P.  Chase: — What  is  the  effect  of  maximum  brak- 
ing as  regards  torsional  stresses  on  the  carcass? 

Mr.  Hale: — Considering  the  tension  in  the  cords, 
the  increase  is  negligible  compared  to  the  air-pressure 
stresses.  Rear  tires  wear  out  more  quickly  than  front 
ones  because  they  have  from  30  to  60  per  cent  more  load 
on  them. 

J.  H.  Hunt: — What  changes  can  be  made  in  steering 
to  eliminate  "shimmy"  at  the  higher  speeds? 

Mr.  Hale: — When  I  first  experimented  with  balloon 
tires  I  read  the  literature  on  "front-wheel  shimmy"; 
but  the  more  I  read,  the  more  perplexed  I  became,  I 
have  given  up  the  solution  of  the  problem.  Much  of 
the  trouble  lies  in  the  steering-gear.  We  have  had  Ford 
cars  equipped  with  balloon  tires  that  would  shimmy  ex- 
cessively at  15  m.p.h.;  but  when  the  back-lash  was  elimi- 
nated they  would  be  all  right.  Having  steering-wheels 
too  free  has  a  tendency  to  make  a  car  "shimmy." 

Question: — How  does  the  balloon  tire  wear  in  deep 
ruts  and  over  rough  spots? 

Mr.  Hale:— A  tire  that  has  been  run  15,000  to  18,000 
miles  will  be  worn  but  will  have  no  cuts.  Because 
the  tire  is  soft  and  does  not  have  such  intense  pressure 
back  of  it,  it  does  not  fight  the  road;  it  simply  folds 
itself  over.  Running  the  tires  against  curbs  does  not 
injure  the  tires.  One  of  the  great  troubles  with  most 
tires  is  the  matter  of  tread  separation.  We  have  not  had 
a  single  case  of  tread  separation  with  balloon  th-es. 
While  we  have  not  had  a  winter's  experience  with  these 
tires,  I  am  sure  that  side-wall  troubles  will  be  negligible. 

It  would  be  foolish  for  me  to  argue  that  balloon  tires 
will  not  puncture,  but  my  experience  indicates  that  the 
puncture  trouble  will  not  be  excessive.     Some  of  those 


who  have  had  puncture  troubles  with  balloon  tires  were 
simply  unlucky.  I  have  been  driving  almost  a  year  and 
have  not  had  a  puncture  yet.  Mr.  Putnam,  of  the  Detroit 
Pressed  Steel  Co.,  drove  21,000  miles;  he  had  three 
punctures. 

Mr.  Hunt  : — What  happens  to  a  balloon  tire  on  a  nar- 
row country  roads  that  compels  driving  in  ruts? 

Mr.  Hale: — It  is  not  necessary  to  pay  any  attention 
to  the  ruts;  drive  right  over  them. 

Question  : — What  increase  in  mileage  can  be  expected 
with  balloon  tires? 

Mr.  Hale:— I  cannot  answer,  because  the  balloon  tires 
have  not  traveled  far  enough  as  yet. 

Charles  S.  Crawford: — Regardless  of  what  an  en- 
gineer thinks  about  the  objections  to  balloon  tires,  his 
opinion  will  be  over-ridden  by  the  demand  of  the  general 
public.  I  believe  that  the  car-owner  wants  this  kind  of 
a  tire,  primarily  on  account  of  the  improved  riding  qual- 
ities. We  might  as  well  pave  the  way  for  its  use.  The 
objection  most  talked  of  seems  to  have  been  hard  steer- 
ing. We  have  a  certain  standard  of  steering  with  con- 
ventional tires  and  a  certain  steering-gear  ratio.  This 
standard  can  be  equalled  with  balloon  tires  by  changing 
the  ratio  of  the  steering-gear.  Frequently  we  receive 
complaints  from  customers  of  a  car  steering  too  easily, 
but  the  same  car  in  the  hands  of  another  person  was 
too  stiff.  In  my  opinion,  the  steering  should  be  unusually 
easy  and  with  this  condition  stiffer  steering  can  be  ob- 
tained merely  by  increasing  the  pressure  on  the  ball- 
and-socket  joints  in  the  steering  mechanism. 

J.  J.  Cole: — In  my  opinion,  there  is  the  same  differ- 
ence in  favor  of  balloon  tires  as  compared  with  regular 
pneumatic  tires  as  there  is  between  solid  and  regular 
pneumatic  tires. 

R.  H.  Hassler: — The  experience  of  our  organization 
with  balloon  tires  has  been  limited  to  a  few  cars,  but  it 
shows  very  clearly  the  advantages  of  a  two-way  shock- 
absorber  in  stopping  the  peculiar  "jiggly"  action  of 
these  tires  at  the  lower  car  speeds,  or  what  Mr.  Hale 
describes  as  a  "choppy"  action.  We  found  that  such  a 
restraining  device,  adjusted  to  a  low  pressure,  would 
overcome  more  completely  this  choppy  action  than  when 
adjusted  to  a  higher  pressure.  For  example,  cord  tires 
would  require  a  shock-absorber  adjustment  of  45  or  50 
lb.  per  sq.  in.  to  give  the  best  riding  qualities,  while 
balloon  tires  on  the  same  car  would  give  best  results  at 
a  shock-absorber  pressure  of  only  30  lb.  per  sq.  in.  The 
two-way  restraining-device  would,  in  all  cases,  give 
far  better  results  than  could  be  obtained  by  any  adjust- 
ment of  the  one-way  device  from  very  light  to  very 
heavy,  even  trying  the  latter  at  very  high  pulls  of  from 
150  to  200  lb.  In  other  words,  very  little  shock-absorber 
control  is  needed  to  stop  this  peculiar  action  of  the 
balloon  tires,  but  it  must  be  applied  constantly,  both  up 
and  down.  When  applied  and  adjusted  properly  in  this 
manner,  the  results  are  very  gratifying. 

Question: — Our  experience  with  these  tires  is  that 
when  coming  into  contact  with  the  ground,  they  roll-up 
and  then  snap  out,  making  a  great  noise.  What  has 
been  Mr.  Hale's  experience  is  this  regard? 

Mr.  Hale: — Some  tire-treads  are  designed  so  that 
they  have  suction  pockets,  I  have  not  had  any  experience 
with  the  noise  mentioned. 
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Lyon    labor   under   a   misapprehension,    let   me 
...   at  the  outset  that  neither  I  nor  anyone  else, 
A    K  far  as  I  am  aware,  knows  anything  about  this 
subject  compared  to  what  there  is  to  learn.     We  have 
just  begun  to  scratch  the  surface,  and  certainly  no  one 
•r  than  the  physicist,  or  the  chemist,  how- 
little  we  know. 

I  do  not  expect,  nor  have  I  been  asked  to  make  a  con- 
tribution to  your  knowledge  of  fuels.  I  hardly  expect 
that  you  will  find  any  significant  facts  in  my  remarks 
that  will  help  you  in  your  own  individual  problems,  other 
than  the  general  fact  that  the  more  we  know  about  the 
background  of  science  and  of  nature  in  general,  the  more 
power  and  control  we  shall  have  in  any  special  field.  It 
is  true  sometimes  that  methods  in  wholly  different  fields 
become  suggestive.  I  wish  to  correct  a  general  lm] 
sion  that  the  ideas  of  a  physicist  and  a  chemist  on  the 
nature  of  matter  are  subject  to  continual  revision  and 
twice  alike;  and  I  have  organized  the  remarks 
that  I  have  to  make  mainly  toward  that  end. 

•  ntific  men  lay  great  emphasis  on  the  changes  and 
modifications  of  points  of  view  that  are  necessitated 
by  the  discovery  of  new  material;  and,  of  course,  the 
discovery  of  new  materials,  the  unearthing  of  new  facts, 
tial  work  of  the  experimenter.  The  non- 
technical public,  not  having  the  background,  often  con- 
evolutionary  changes  and  discussions  that 
really  amount  to  a  veritabli  spot    During 

the  last  quarter  of  a  century  there  have  arisen   in   the 
world  a   new  physics  and  a  new  chemistry,  not   like  a 
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phoenix  from  the  ashes  of  a  conflagration,  but  rather 
like  an  edifice  that  is  built  solidly  and  securely  on  the 
foundations  of  the  past. 

In  our  high-school  days,  most  of  us  were  taught  that 
an  atom  is  the  ultimate  particle  into  which  matter  can 
be  divided,  that  if  we  took  a  piece  of  chalk  we  could  go 
on  dividing  it  indefinitely  until  we  came  finally  to  a  place 
where  further  division  altered  the  properties  of  the 
thing  we  were  dividing;  in  other  words,  we  came  then 
to  the  molecule,  and  a  division  of  the  molecule  left  us 
with  component  parts  that  were  not  like  the  original, 
with  component  parts  that  were  atoms.  Of  course,  that 
was  purely  an  academic  point  of  view;  no  one  ever  suc- 
ceeded in  dividing  a  substance  until  an  atom  was  readied; 
it  was  only  an  abstract  idea.  We  were  taught  that  about 
80  so-called  different  elements,  by  combination,  com- 
posed all  of  the  substances  with  which  we  were  familiar. 
This  picture  is  still  before  us,  but  we  have  now  about 
92  elements. 

Mendeleef,  the  distinguished  Russian  chemist,  in  1869 
first  formulated  his  periodic  table  of  the  elements,  whieh 
most  of  US  can  recall  from  high-school  days  and  which  is 
still  an  essential  part  of  the  equipment  of  every  scientific 
laboratory.  The  fact  that  chemical  atoms  are  not  all 
different  was  first  discovered  by  Newlands  and  formu- 
lated   more    directly   by    Mendeleef    a   few   years    later. 

If  we  take  almost  any  atomic  or  molecular  property 
and  form  a  graph,  arranging  the  chemical  elements  in 
the  order  of  weight  as  or di nates  against  the  property 
that  we  select,  such  as  for  example  the  absolute  tem- 
perature of  fusion,  as  abscissas,  we  get  a  curve  that  we 
see  at  once  has  periodicity.  Or  if  the  atomic  volumes 
are  plotted  against  the  atomic  weights,  we  have  a  curve 
that  has  successive  peaks  and,  if  we  recall  the  chemistry 
of  our  school  days,  we  may  remember  that  lithium, 
sodium,  potassium,  rubidium  and  caesium  are  chemically 
similar  elements  and  we  notice  that  they  occupy  corres- 
ponding positions  on  the  curve.  These  facts  of  course 
are  very  old  and  well  known.' 

If  the  chemical  elements  are  put  down  in  the  order  of 
their  increasing  atomic  weights,  after  we  write  down 
seven  of  them,  and  seven  ever  was  a  magic  number,  the 
eighth  has  to  be  written  under  the  first,  the  ninth  under 
the  second  and  the  tenth  under  the  third;  at  least,  if 
we  do  that  we  shall  have  in  vertical  columns  elements 
that  have  similar  chemical  properties.  This  is  a  very 
early  shadow  cast  ahead  by  the  portentous  discoveries 
that  lie  just  beyond  the  horizon.  If  these  ultimate 
things,  the  atoms,  are  related,  then  there  must  be  some- 
thing more  fundamental  than  them  by  which,  or  in  terms 
of  which,  they  are  related.  At  any  rate,  there  must  be 
a  mechanism  that  relates  them,  a  mechanism  that  we 
think  should  be  more  fundamental  than  the  things  that 
the  mechanism  relates. 

.Michael  Faraday,  in  18:'..'!,  formulated  some  facts  that 
were  equally  significant,  in  the  laws  of  electrolysis,  and 
it  is  important  to  realize  that  the  modern  points  of  view 
are  not  hi  ii}'  but  the  developments  of  his  early  discoveries. 
Faraday,  studying  the  conduction  of  electricity  through 
electrolytes,  or  solutions  of  substances  that  became  con- 
ductors of  electricity,  formulated  three  laws.     The  first 
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of  these  is  that  the  quantity  of  the  substances  decom- 
posed is  proportional  to  the  quantity  of  electricity  that 
goes  through  the  solution.  The  second  states  that  if 
different  elements,  such  as  carbon,  copper  or  zinc,  are 
involved  in  the  electrolyte,  the  weights  deposited  out  of 
the  solution  by  equal  quantities  of  electricity  are  strictly 
proportional  to  the  relative  weights  of  the  substances 
themselves.  In  other  words,  if  we  have  a  substance  that 
is  twice  as  heavy  as  another,  and  both  are  in  the  electro- 
lyte, the  same  quantity  of  electricity  passing  through  the 
two  solutions  in  series  will  deposit  out  of  the  solution 
that  contains  the  heavier  elements  exactly  twice  what 
will  be  deposited  out  of  the  lighter  element,  provided 
the  elements  have  the  same  chemical  characteristics; 
that  is,  provided  they  both  combine  with  hydrogen  in  the 
same  fashion.  But  if  we  have  one  element  that  combines 
with  hydrogen  differently  from  another,  in  the  sense 
that  we  associate  two  atoms  of  it  with  hydrogen  where 
we  associate  one  atom  of  the  other  with  hydrogen,  then, 
according  to  the  third  law,  the  weights  deposited  will 
not  be  proportional  to  the  atomic  weights  alone,  but 
will  be  proportional  to  the  atomic  weights  divided  by 
the  valency.  These  laws  are  capable  of  but  one  inter- 
pretation, which  identifies  a  definite  quantity  of  elec- 
tricity with  an  atom  of  matter.  You  see  it  is  entirely 
immaterial,  except  for  the  valency  integer,  what  atom 
of  matter  we  select. 

Valency 

Let  me  give  an  example  of  what  we  mean  by  this  idea 
of  valency.  If  200  people  were  carried  from  one  locality 
to  another  by  50  automobiles,  we  should  infer,  if  the 
automobiles  were  each  filled  equally,  that  they  were  four- 
passenger  cars.  In  other  words,  the  substance  carried 
and  the  substance  carrying  would  be  related  by  the  figure 
four  which,  in  this  case,  would  correspond  to  the  valency. 
If,  on  the  other  hand,  the  people  were  observed  to  travel 
in  28  automobiles,  we  should  be  compelled  to  conclude 
that  they  traveled  in  seven-passenger  cars  and  that  four 
of  them  traveled  in  some  other  way.  There  would  be  no 
distinction  whatsoever  between  the  makes  of  automo- 
bile; the  sole  distinction  would  be  in  the  carrying  capac- 
ity. Thus  Faraday  discovered  in  all  the  various  brands 
of  element  one  essential  property  in  which  they  were  all 
alike. 

These  important  contributions  from  the  past  constitute 
the  foundation  of  our  modern  point  of  view.  If  atoms 
are  related  and  are  not  all  different,  there  must  be  some- 
thing relating  them.  From  Faraday's  experiments,  we 
suspect  that  this  something  is  electrical  in  its  nature. 
The  twentieth  century,  then,  found  the  stage  set  and 
ready  for  the  discoveries  to  be  ushered  in.  The  most 
significant  of  these  was  the  photoelectric  effect  discovered 
by  Hallwachs  in  1908,  but  not  interpreted  in  its  full 
significance  until  a  little  later. 

Photoelectric  Effect 

To  show  the  photoelectric  effect,  an  electroscope  is 
placed  in  front  of  a  stereopticon,  which  projects  it  upon 
a  screen.  The  electroscope  consists  of  a  metal  plate 
having  a  bit  of  gold-leaf  hung  from  it  in  such  fashion 
that  the  gold-leaf  hangs  parallel  to  the  plate  being  at- 
tached to  the  upper  end.  When  a  charge  of  electricity  is 
put  upon  the  leaf,  the  leaf  projects  because  of  the  elec- 
trification on  the  plate  and  the  rod  on  the  leaf.  Hallwachs 
observed  that  if  a  zinc  plate  were  illuminated  with  ultra- 
violet light,  any  charge  that  the  electroscope  carried 
leaked  away.    When  the  plate  is  charged,  one  can  see  that 


there  is,  on  the  whole,  no  leakage;  but  if  a  mercury-arc 
light  in  a  quartz  tube  is  used,  the  illumination  causes 
an  immediate  falling  of  the  leaf.  It  was  observed  that 
this  effect  occurred  only  when  the  plate  was  negatively 
charged.  The  interpretation  was,  that  if  there  is  a 
negative  charge  on  the  zinc  plate  and  the  charge  leaks 
off,  it  might  be  ascribed  perhaps  to  the  air  or  to  the 
effects  that  the  air  has;  however,  after  many  months  of 
patient  investigation,  it  was  found  that  the  effect  oc- 
curred in  the  highest  vacuum  that  could  be  produced, 
that  it  was  the  same  for  different  metals  other  than  zinc 
and  that  it  was  purely  a  unidirectional  effect.  If  the  plate 
were  positively  charged,  the  effect  did  not  occur.  There 
could  be  only  one  interpretation  of  that.  If  the  leaf  is 
discharged,  the  electrification  gets  away;  the  electrifica- 
tion in  the  negative  case  must  be  negative  electrification 
that  gets  away.  There  must  be  an  emission  of  negative 
electrification  under  the  action  of  the  ultra-violet  light. 
If,  on  the  other  hand,  the  plate  were  positively  charged, 
it  would  appear  that  positive  electrification  does  not  do 
this.  As  a  matter  of  fact,  if  the  plate  originally  had 
no  charge  whatsoever  but  wras  merely  exposed  to  the 
light,  it  was  found  to  acquire  a  small  positive  charge.  In 
other  words,  the  action  of  the  light  was  interpreted  as 
releasing  negative  electrification.  That  release  of  nega- 
tive electrification  cannot  go  on  indefinitely  because,  if 
negative  electricity  escapes  from  a  neutral  plate,  it  leaves 
the  plate  positive  and,  by  the  time  the  positive  electricity 
has  accumulated  sufficiently,  it  has  enough  attraction  for 
the  negative  electricity  that  remains  to  hold  it  to  the 
plate,  irrespective  of  the  action  of  the  light.  So,  the 
positive  charge  acquired  by  a  metal  surface  under  the 
action  of  ultra-violet  light  is  conclusive  evidence  of  the 
emission  of  negative  electrification  from  the  plate. 

Another  conclusive  proof  that  there  was  negative 
electrification  escaping  was  that  other  plates  in  the 
vicinity  and  in  the  way  of  this  discharge  wrere  found 
to  acquire  a  negative  charge.  Moreover,  the  properties 
were  found  to  be  wholly  independent  of  the  metals  in- 
volved, except  that  the  different  wave-lengths  of  light 
sometimes  were  necessary  to  produce  the  charge.  It 
could  not  always  be  produced  by  light  of  the  same  wave- 
length. As  a  matter  of  fact,  it  has  been  discovered 
recently  that  practically  all  the  metals  up  to  sodium 
show  the  photoelectric  effect  and  that,  with  metals  of 
the  third  series,  particularly  sodium  and  potassium,  there 
is  no  need  of  ultra-violet  light.  Ordinary  light,  even  red 
light,  is  capable  of  detaching  negative  electrification 
from  sodium  and  potassium.  That  is  the  first  significant 
discovery. 

Edison  Effect 

The  second  discovery  is  attributed  to  Edison,  who  made 
it  in  connection  with  his  experiments  on  the  incandescent 
lamp.  If  an  incandescent  filament  in  a  vacuum  is  con- 
nected through  a  battery  and  current  flows  through  the 
filament  so  that  the  latter  is  heated  to  a  sufficiently  high 
temperature,  we  find  that  an  insulated  electrode  in  the 
side  w^all  of  the  bulb  connected  through  a  galvanometer 
will  acquire  a  charge  and  that  current  will  flow  through 
the  galvanometer. 

This  can  be  demonstrated  by  using  an  ordinary  in- 
candescent-light bulb  that  has  had  its  tip  broken  off. 
A  blow-pipe  is  placed  on  the  side  of  the  bulb  and  a  small 
hole  is  blown  which  is  then  filled  up  with  sealing  glass 
containing  a  platinum  electrode.  If  the  bulb  is  then 
sealed  back  to  the  vacuum  pump  and  reexhausted,  it  will 
light  in  the  usual  fashion.  When  a  connection  is  made 
with  the  positive  terminal  the  current  comes  into  one 
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from  the  other  termini 
a  ga  :d  the  galvanometer  is  connected  with 

ectrical  connection 

and  the  lamp  in  the  sense  that 
any  curr  through  the  galvanometer,  because 

from  the  filament  by  at  least  1  in. 
:::.      A   vacuum  is  as  high  an   insulation   as  can 
Vet.  if  the  excitation  of  the  lamp 
sufficiently    current    will    flow    and    it     is 
•null    amount   of   current   at    that.      Of   course,    this 
effect  is  the  fundamental  effect  of  the  vacuum  tube,  which 
become   so    important   an   adjunct    of   our    modern 
.on. 
Here  we  have  conditions  that  are  essentially  different 
from  the  photoelectric  effect ;  yet  they  are  equally  signi- 
An  ammeter  in  a  circuit  will  show  the  current 
-.ng  through  the  lamp.     The  sense  of  the  deflection 
of  the  galvanometer  shows   that   negative  electrification 
ming   out    of   the    wire,    and    that    tallies    perfectly 
with  the  photoelectric  effect.    Since  the  wire  is  negatively 
charged,    compared    with    the    other    end    of    the    gal- 
r,  if  there  is  free  negative-electrification  in  the 
space,  it  will  be  repelled  from  the  filament  to  the  plate. 
So.  negative  electrification  travels  across  the  gap,  just 
ibed  for  the  photoelectric  effect. 
Lenard   and   Lodge   and   Thomson   and    a    number   of 
others  have  studied  the  details  of  these  two  effects,  and 
the    interpretation   was  not   long   in    being   made.     The 
-    undoubtedly  electrification.     It  consisted, 
it   was   found,  of  discrete  particles,  and   these  particles 
had    identical    properties    irrespective    of    their    source. 
In  other  words,  whether  they  came  from  a  carbon  fila- 
ment or  a  tungsten  filament  or  a  zinc  plate  or  a  copper 
wire,    they    were    indistinguishable    from    one    another; 
things  were  discovered  that  came  from  atoms,  which  were 
smaller  than  atoms  and  which  were  the  same  from  all 
atoms.    This,  then,  is  the  mechanism  by  which  the  atoms 
••  to  be  related. 
These  particles,  themselves  invisible,  make  themselves 
••  in  a  variety  of  ways.     If  they  impinge  upon  cer- 
tain  minerals   they   cause   fluorescence.      If,   when   suffi- 
ciently concentrated,  they  impinge  upon  a  bit  of  platinum 
foil,  they  raise  the  temperature  of  the  platinum  to  8 
the  melting  point.     In  other  words,  they  p 

and   are   capable, 

upon  impact,  of  being  converted  into  heat.     They  affect 

graphic  plate,  they  impart  a  negative  charge  to 

.ing  tha'  ".eir  path  anil  they  are  capable, 

;ght  suspect,  of  causing  even  mechanical  effects. 

When  these  particle.-  are  pn  -•  •■■>   in  ordinary  air  they 

render  it  conductive.     Thi  monstrated  by  re- 

plac.  I  desi 

that  is  practically  th<  minal,  or 

with  the  lower  wire  and  the  gold- 
ted  with  the  upper  wire;  a  third  « 
com.-  that  runs  into  the  earth. 

with  the  upper  v. ire.  and,  by  touching 
the  upper  wire,  tl  The 

and  the  leaf  '  ically  ni< ■• 

the  wir  out   through   the   air; 

r  is  non-conductive.     Bui  thi 
can  by  lighting  a  match  and  pa 

it  l>eneath  th  the  match  flame 

•   •   gold-leaf  ■  able. 

If  the  match  flame  is  held  under  the  wire,  the  deflection 

rged;    in 
other  <-s   from   an   ordinary   flar 

render  the  atmospben  .ve.    It  r; 

part.  icity.     Thi-  effect  take-   place 


Of    whether    the    leaf     is    positively    or    negath 
charged. 

If  the  two  wires  are  connected  to  two  condenser-plates, 
and  if  a  Bunsen-burner  flame  is  held  between  the  two 
plates,  the  leaf  collapses  instantly;  in  other  words,  we 
produce  from  a  flame  a  much  larger  amount  of  electrifi- 
cation, as  we  should  expect.  If  the  leaf  is  charged  and 
another  pair  of  condenser-plates,  placed  a  little  closer 
together  and  one  of  them  polished,  are  illuminated  with 
ultra-violet  light,  the  leaf  also  collapses.  This  may  appear 
to  be  like  the  effect  obtainable  with  a  zinc  plate  but  it 
is  not.  because  the  ultra-violet  light  does  not  necessarily 
have  to  shine  on  the  plates  now  but  merely  on  the  air 
between  them.  The  effect  is  not  nearly  so  vigorous  in 
the  case  of  ultra-violet  light.  The  moment  the  light  i.s 
extinguished  the  effect  stops. 

A  variety  of  other  causes  render  ordinary  gases  con- 
ductive. If  a  small  X-ray  bulb  is  excited,  the  passage 
of  the  X-rays  through  the  atmosphere  also  will  cause 
a  collapse  of  the  leaf  and  that  effect  persists  for  2  or  ■"■ 
after  the  rays  are  turned  off;  in  other  words,  the 
electrification,  or  whatever  it  may  lie,  of  the  air  is  much 
more  vigorous  than  with  ultra-violet  light.  A  tube  of 
radio-active  material  in  the  vicinity  would  cause  this 
conductivity  also. 

Ionization  and  Mass  Measurements 

The  mechanism  here  is  precisely  that  of  the  zinc  plate. 
The  atoms  of  ordinary  oxygen  and  hydrogen  in  the  air, 
under  the  action  of  these  various  radiations,  such  as  the 
chemical  reaction  of  the  high  temperature  and  the  flame, 
the  ultra-violet  light  and  the  X-rays,  have  negative  elec- 
tricity detached  from  them;  we  have  a  group  of  atoms 
ionized,  as  we  say.  This  means  that  a  negative  electrifi- 
cation is  perhaps  detached  from  one.  which  leaves  it  posi- 
tively charged.  In  the  presence  of  other  at  urns,  thi 
electrical  particle  does  not  remain  isolated  but  attaches 
•  at  once  to  another  atom,  which  then  becomes  nega- 
tively charged;  so,  we  have  charges  of  atomic  size.  We 
have  charged  atoms  and  molecules  of  either  size  and. 
under  the  influence  of  the  plates,  one  of  which  is  posi- 
tively and  one  negatively  charged,  the  negatively  charged 
atoms  moving  one  way,  the  positively  charged  atoms 
moving  the  other  way;  and  we  have  Benjamin  Franklin's 
old  two-fluid  theory  of  electricity  in  action,  that  of  po 
live   ionization   and   negative   ionization  traveling  in   op- 

These  experiments  show  that  not  only  metals  but   or- 
dinary materials  can  be  ionized  and  can  be  charged  • 
trically.     When  ordinary  atoms  are  charged  we  call  those 
charged  atoms    inns.     It  is  a  term  we  have  taken   i 
from  the  old  idea  of  conductivity  in  solutions.     Rut  we 
have  conductivity  in  gases  now.     The  sizes  of  thi'  ma 
of  these  electrical  particles  have  been  measured,  beca 
the  particles  were  found  to  be  capable  of  deflection  in  a 

one  would  expect  elect  rical  charge 
be;    in   other   words,   they   can    be    weighed    by    I 
trifugal  forces  thai  are  in.  round 

with  magnets,  in  le  way  that  one  can  dot.,  mine 

the  n  swinging  it  round  one's  head  and 

mat  ing  the  pull. 

The  zinc-sulphide  screen   on   the  vertical   pit 

in  this  discharge-tube  which  is  fluorescent  under  the 
I .  electrified  particles,  or  el 
■.•  are  called.  There  is  a  small  slit  in  a  vein  of  mica 
immediately  over  tie-  lower  plate  so  as  to  make  a  narrow 
beam  and,  as  the  particles  shoot  upward,  they  leave  a 
luminous  trail  on  tin    screen.     A  bar  magnet  is  capable 
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of  deflecting  the  beam.  If  such  a  magnet  is  put  behind 
the  tube,  the  beam  can  be  bent  away  from  the  screen,  or 
back  into  the  screen,  because  it  follows  the  magnet 
around. 

Without  going  into  the  mathematical  details,  the 
masses,  the  velocities  and  the  charges  on  these  particles 
can  be  measured  from  this  simple  experiment.  The 
masses  are  found  to  be  inconceivably  minute ;  they  amount 
to  10~"T  grams.  The  smallest  chemical  atom  that  we 
know  of,  the  atom  of  hydrogen,  has  a  mass  of  10"*'  grams. 
So  the  masses  of  these  particles  are,  as  a  matter  of  fact, 
1/1845  that  of  the  lightest  atom.  The  velocities  at  which 
they  travel  in  such  a  tube  are  prodigious,  running  from 
10,000  to  100,000  miles  per  sec.  The  charge  they  carry  is 
so  small  that  it  would  take  the  entire  population  of  such 
a  city  as  Chicago,  with  every  individual  counting  night 
and  day  for  2500  years,  to  count  the  number  of  them  that 
pass  through  an  incandescent  lamp  filament  in  1  sec. 

It  appears  that  we  are  talking  in  large  terms.  We  are. 
I  assure  you  that  in  these  phenomena  one  finds  something 
of  awe  which  corresponds  to  the  order  of  the  numbers 
involved.  The  strangest  part  of  it  all  to  me  is  that  such 
insignificant  chunks  of  carbon  and  nitrogen  as  ourselves 
are  able  to  find  out  anything  about  these  things.  It  is 
fully  as  astounding,  more  astounding  in  some  ways,  than 
our  knowledge  of  the  nebulae  that  are  so  inconceivably 
far  away.  It  makes  one  think  that  perhaps  size  after  all 
is  such  a  relative  matter  that  it  is  almost  a  delusion. 

Configurations  of  Electrons 

If  we  have  negative  electrons  coming  from  or  com- 
posing all  kinds  of  matter,  how  are  we  to  think  of  their 
entering  into  composition?  An  analogy,  which  I  wish  to 
emphasize  as  nothing  but  an  analogy,  was  suggested  first 
by  Sir  J.  J.  Thomson,  and  experimentally  improved  later 
by  Prof.  R.  R.  Ramsay  of  the  University  of  Indiana. 

If  some  small  steel  balls  are  floated  on  a  vessel  of 
mercury  beneath  which  is  a  magnet,  the  steel  balls  will 
be  magnetized  by  induction  from  the  magnet  and  con- 
sequently will  be  attracted  through  the  region  imme- 
diately above  it,  being  free  to  float  around.  On  the  other 
hand,  being  magnetized  alike,  they  will  not  get  too  close 
together  because  like  kinds  of  magnetisation  repel  each 
other ;  in  other  words,  these  steel  balls  will  be  maintained 
in  a  certain  region  in  the  surface  of  the  mercury  by  the 
attraction  of  the  magnet  beneath,  but  will  be  kept  apart 
by  virtue  of  their  mutual  repulsion.  Thomson  thought 
of  an  atom  as  some  such  sort  of  thing,  originally  a  uni- 
form sphere  of  positive  electrification,  which  was  merely 
another  way  of  formulating  his  ignorance  of  what  it 
was ;  something  to  hold  these  negative  electrons  together 
so  that  they  would  not  fly  to  the  uttermost  corners  of 
space  by  virtue  of  their  own  mutual  repulsion.  Under- 
stand, this  is  merely  an  analogy,  but  it  is  one  of  the  most 
striking  analogies  in  the  history  of  science. 

Such  a  vessel  of  mercury  can  be  illuminated  with  the 
stereopticon  arc  and  projected  on  a  screen.  If  steel  balls 
of  1/16-in.  size,  such  as  are  used  for  ball  bearings,  are 
floated  on  the  mercury,  they  will  at  once  be  attracted  and 
be  fairly  mobile  when  the  magnetic  field  is  on.  Two  of 
the  balls  will  arrange  themselves,  very  naturally,  at  the 
opposite  ends  of  a  straight  line.  If  a  third  comes  in,  it 
"will  form  an  equilateral  triangle;  a  fourth  will  form  a 
rectangle,  usually  a  square;  a  fifth  apparently  causes  a 
condition  of  uncertainty.  There  may  be,  in  this  last  case, 
an  attempt   at  an   irregular   pentagon,   but  with   slight 


1  For   details   of   these   arrangements,   see   Physical    Review,  vol. 
34.  pp.  242  and   243. 


assistance  one  ball  will  go  to  the  center  and  thus  a  square 
will  be  produced  with  a  ball  in  the  middle.  That  con- 
dition is  not  so  stable  as  the  other,  and  the  irregular 
pentagon  tends  to  recur.  But  with  six  balls  there  is  no 
doubt;  one  will  go  to  the  center,  and  if  a  person  should 
try  to  make  a  regular  hexagon  of  that  number  of  balls, 
he  would  not  succeed. 

As  the  number  of  balls  is  increased,  the  result  is 
analogous  to  an  atom  being  built  up  from  its  constituent 
electrons.  But  an  atom  would  not  stay  still  like  that  and 
let  one  look  at  it.  If  the  magnetic  field  is  removed,  the 
result  is  that  the  parting  of  the  balls  at  the  center  will 
cease  and  they  will  coagulate  into  a  single  mass.  If  an 
electrical  current,  a  radial  current,  is  sent  through  that 
configuration  through  the  mercury,  from  an  electrode  at 
the  center  to  a  ring  electrode  on  the  outside,  these  steel- 
ball  magnets  will  move  in  the  electrical  field  and  begin 
a  perambulation  around  the  central  electrode,  showing 
an  analogy  to  the  way  in  which  electrons  rotate,  but  the 
rotations  are  so  slow  that  they  really  are  not  worth  men- 
tioning.3 

The  Rutherford  Idea 

More  recent  work  has  abundantly  confirmed  the  ideas 
suggested  in  Thomson's  earlier  theory,  but  we  must 
think  of  these  atoms  in  three-dimensional  configuration 
with  their  electrons  in  successive  layers,  such  as  might  be 
likened  to  the  successive  skins  of  an  onion,  not  at  rest 
but  moving  with  very  great  velocity  and,  from  the  point 
of  view  of  Rutherford  and  some  of  the  later  investigators, 
we  are  led  to  certain  convictions  about  the  nature  of  the 
central  nucleus  that  binds  the  thing  together. 

There  is  a  central  nucleus.  Experiments  on  particles 
that  are  shot  out  from  radioactive  substances,  scattering 
experiments  performed  first  by  Rutherford  and  Geiger, 
show  conclusively  that  the  central  force  binding  these 
elements  or  electrons  together  was  confined  to  a  region 
in  the  interior  of  the  atom  infinitesimally  small  com- 
pared with  the  dimensions  of  the  electron  that  formed  its 
constituent  parts.  In  other  words,  we  have  what  is 
known  as  the  Rutherford  atom,  in  which  we  have  the 
central  nucleus  of  dimensions  10"15  cm.  and  electrons  of 
dimensions  10" a  cm.,  whereas  we  have  known  for  some 
time  that  the  atom  as  a  whole  is  of  the  order  of  10"8  cm. 
(1  cm.  =  0.3937  in.).  The  atom  itself  is  only  a  few  hun- 
dred millionths  of  a  centimeter,  but  the  electrons  that 
fill  the  space  individually  are  10,000  times  as  small  as  the 
space  they  occupy.  So,  the  picture  of  having  a  few 
grains  of  sand  flying  around  in  the  interior  of  a  cathedral 
is  analogous  to  our  picture  of  the  atom;  and  the  nucleus 
that  holds  these  few  grains  of  sand  is  1000  times  smaller 
than  the  electrons  themselves. 

Dimensional  Conceptions 

With  regard  to  the  size  of  the  atoms,  we  rely  for  this 
number  on  data  that  are,  on  the  whole,  just  as  certain  as 
ordinary  data  in  astronomy,  which  tell  us  of  the  sizes, 
masses,  distances  and  objects  in  the  solar  system.  They 
are  checked  from  half  a  dozen  different  points  of  view. 
With  regard  to  the  size  of  the  electrons,  we  are  not  so 
certain,  yet  it  is  almost  inconceivable  that  this  dimension 
will  be  altered  appreciably  with  respect  to  the  other.  In 
other  words,  we  are  not  likely  to  revise  our  opinion  of  the 
relative  size  of  the  electrons  and  the  space  that  they  fill 
inside  this  little  solar  system,  which  is  the  atom.  With 
regard  to  the  size  and  the  nature  of  the  nucleus,  we  do 
not  know  very  much  as  yet,  but  new  facts  are  appearing 
in  almost  every  number  of  the  Philosophical  Magazine, 
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f<  u-  and 

further  our  ideas  of  these  things  in 

•   -  suppose  we  imagine  one  of  our 

g  magnified  so  greatly  that  he 

the   earth   and   bump   his   head   on    the 
moo:  .  •  d  so  that  his  t>  ft  of  height 

miles;  further,  in  order  that  he  shall 
we  give  him  his  laboratory  and 
all  i  tionately  enlarged.     With  such 

an  i:  -    e  of  his  world,  his  atoms  would  be 

brought  within  the  ken  of  us  who  remain  as  formerly; 

m  would  appear  as   a  circular 
1    in.    in   diameter.      Now.    by   using   a 
•  e  might  be  able  to  rind  the  electron  in  his 
.  because  its  size  is  of  the  order  of  0.001   in.     It 
would  be  something  more  than  0.001  in.,  a  quantity  easily 
-arable  under  a  microscope.     The  electron  would  be 
inside  tl  .  which   is  a  4-in.   sphere  representing 

the  atom,  and  in  which  we  would  see  nothing  else;  yet 
no  other  atom  could  come  into  this  4-in.  sphere  of  space 
because  of  the  tremendous  influence  that  the  electron  has 
over  the  space.  That  4-in.  sphere  of  space  is  like  a  solid 
particle;  under  ordinary  conditions  it  is  not  to  be  pene- 
trated by  another  space  just  like  it.  The  electron  goes 
around  so  fast  in  it  that  we  can  say  it  is  everywhere  at 
once  and  keeps  everything  else  out.  The  nucleus  of  the 
m,  however,  would  be  utterly  beyond  our  ken  still. 
because  it  would  amount  to  less  than  0.0000001  in.  in 
diameter. 

Let  the  scale  expand  and  become  a  little  larger;  we 

get  at  the  size  of  that  nucleus.     Let  the  4-in.  atom 

become  as  large  as  the  earth  and.  still  expanding, 

fill  the  entire  orbit  of  the  earth,  so  that  our  atom  is  now 

ace    186,000,000   miles    in    diameter.     The   orbit   of 

the  earth  round  the  sun  is  now  our  atom.     In  that  orbit 

a  body  the  size  of  the  earth  can  represent  the  electron. 

The  electron  has  swelled  considerably,  you  see,   by  the 

enlargement.     The  nucleus  at  the  center  is  not  like  our 

sun,  an  object  prodigiously  large  compared  to  the  earth, 

but  a  tiny  sphere  4  miles  in  diameter. 

In  terms  of  this  imaginarily  enlarged  atom,  how  large 
ur  imaginary  man  grown  to  be?     We  started  out 
with  a  man  who  reached  from  the  earth  to  the  moon.    On 
this   scale,  the  man  would  have  a  height   greater  than 
:> ■-.     A  light-ray  travels  less  than   10    miles  in  a 
measured  first  by  Professor  Michaelson  as 
having  a  velocity  of  186,000  miles  per  sec.     A  beam  of 
light   is  the  means  of  communication   that   we 

have.  It  can  travel  eight  times  round  the  earth  in  1  sec, 
to  the  moon  in  0.18  sec,  to  the  sun  in  8  min.  and  across 
•  'ii  to  the  orbit  of  Neptune  in  8  hr., 
traveling  in  an  entire  year  10  miles,  that  is,  only  1  10 
of  the  entire  .  In  other  words,  the  height  of  the 

man  on  this  scale  would  be  greater  than  10';  that   i 
tween    10,000    and     100,000    light- y<  Now    100,000 

ligh'  ould    more   than    bridge   the   entire   known 

uni\.  .  we  come  to  conclusions  that  are 

stimulating  to    reflection,  even   though   the   figures   are 
more  musing      We  look  out  into  space  and  we 

look  into  the  interior  of  things  that  are  about  equally 
far  apart.  It  is  still  as  absurd  as  it  was  in  the  time  of 
Copernicus  to  assume  that  we  are  placed  at  the  center 
of  this  pageant.  I  myself  prefer  the  conviction  that  its 
boundaries  are  set  merely  by  our  own  human  limitations. 
It  is  curious  that  we  see  about  the  same  number  of 
h  way,  because  it  shows  that,  on  the 
whole,  we  have  been  about  as  active  in  one  direction  as 
in  the  other. 


THE  DISCUSSION 
Dr.  h.  C.  Dickinson:    Subjects  thai  members  of  the 

Society  have  been  very  much  interested  in  for  the  lasl 
12  or  3  years  have  very  close  connection  with  some  of  the 
things  Professor  Lemon  has  spoken  of.  I  refer  particu- 
larly to  the  phenomena  that  occur  in  the  combustion  of 
luels.  We  have  learned  some  very  important  facts. 
Thomas  Midgley,  Jr.,  has  talked  to  us  many  times  about 
the  very  interesting  features  of  this  performance.  I  be- 
we  shall  not  be  able  to  answer  all  the  questions  that 
Mr.  Midgley 's  results  have  raised  until  we  apply  our- 
selves much  more  fully  to  some  of  the  things  of  which 
Professor  Lemon  has  told  us. 

H.  L.  Horning: — I  experienced  great  satisfaction  in 
witnessing  Professor  Lemon's  demonstration  of  the 
Edison  effect,  particularly  because,  in  1898,  I  recognized 
the  same  effect  in  the  laboratory  and  utilized  it  in  dis- 
secting the  waves  sent  off  from  a  static  discharge.  We 
condensing  an  electric  charge  in  a  number  of 
Leyden  jars  connected  with  a  static  machine,  and  were 
using  this  discharge  to  produce  the  yellow  line  of  sodium 
in  the  spectrum.  I  had  to  pass  over  to  the  other  side  of 
the  laboratory  and  saw  an  incandescent-light  bulb  lying 
on  a  table.  Every  time  the  spark  jumped,  the  bull)  lit 
with  a  phosphorescent  glow.  Realizing  that  this  was  due 
to  radiation,  I  picked  up  the  bulb  and  walked  away  with 
it.  Then  I  thought  that  possibly  if  I  put  a  little  tinfoil 
on  the  tip  I  might  magnify  the  effect.  I  was  able  that 
year  to  send  a  message  something  like  120  ft.  through 
the  walls  of  the  institution.  I  shall  always  look  upon  thai 
as  one  of  the  great  moments  of  my  life  because,  unknown 
to  me,  I  was  merely  sending  a  wireless  message  and  re- 
ceiving it  by  the  very  methods  that  are  effective  today. 
This  was  a  great  lesson  also,  for  while  the  world  event- 
ually reaps  its  reward  from  new  ideas,  the  great  benefits 
come  from  the  successful  efforts  of  the  men  who  bring 
the  ideas  to  practical  usefulness. 

I  was  particularly  interested  also  at  that  time  in  the 
decomposition  of  water  and  made  another  discovery  that 
I  never  used.  When  J  put  two  electrodes  under  water 
and  decomposed  it  with  the  electrodes  very  close  to  one 
another,  there  was  very  rapid  decomposition  at  the  tip  J 
as  a  matter  of  fact,  the  oxygen  and  the  hydrogen  v. 
intermingled.  An  intermittent  process  was  set  up  by 
which  oxygen  and  hydrogen  were  suddenly  formed  and 
the  current  was  interrupted.  As  Professor  Lemon  has 
said,  the  electrons  of  which  the  current  is  composed  have 
inertia;  they  also  have  weight;  therefore,  they  would  not 
stop.  They  jumped  across  the  gap  in  the  form  of  an 
electric  spark  and  started  the  process  of  combustion ;  the 
oxygen  and  hydrogen  united  again,  forming  water,  and 
then  decomposed  again  into  oxygen  and  hydrogen.  The 
operation  repeated  itself  with  great  rapidity.  It  made 
a  beautiful  effect  under  the  water,  because  it  showed  a 
little  arc-light  that  we  were  all  satisfied  was  fire  under 
water.  We  understood  it  perfectly  but  did  not  use  it. 
A  year  later  I  found  that  Professor  Wehnelt,  of  Germany, 
had  used  that  as  an  interrupter  for  the  X-ray  machil 
that  were  being  developed  at  that  time.  I  think  it  is 
used  even  to  this  day. 

I  was  interested  in  Professor  Lemon's  discussion  of 
photoelectricity,  as  I  have  always  recognized  that  effeci 
inside  the  internal-combustion  engine.  I  found  that  a 
zinc  plate  is  charged  when  bombarded  by  the  radiations 
of  the  explosion. 

P.  S.  Tick: — Has  Professor  Lemon  attempted  to  shed 
a  little  light  on  some  of  our  fuel  problems  along  the  lines 
of  his  paper? 
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Prof.  H.  B.  Lemon  : — No.  We  are  not  an  engineering 
laboratory,  and  the  only  opportunity  that  we  have  at 
present  for  investigating  internal-combustion  engines  is 
on  one  very  small  four-cylinder,  four-cycle  marine  engine 
that  is  used  in  one  of  our  elementary  courses.  I  am 
giving  an  advanced  laboratory  course  in  heat,  and  we 
certainly  shall  become  interested  in  some  of  the  more 
modern  problems  of  experimental  thermodynamics.  I 
shall  welcome  suggestions  regarding  the  fuel  problems 
that  you  are  endeavoring  to  solve. 

Mr.  Tice: — Thomas  Midgley,  Jr.,  talks  about  "hitting 
this  animal  on  the  head  and  breaking  it  into  parts." 
Prof.  C.  A.  Norman  tells  us  about  "shaking  the  snake 
apart."  Can  an  analogy  be  given  ?  In  this  decomposition 
of  water  we  get  a  long  chain  compound;  we  say,  we  hit 
it  on  the  head  and  combustion  starts.  Can  a  picture  of ' 
that  sort  of  thing  be  given  that  will  help  us  ? 

Dr.  Herman  Schlesinger: — I  understand  that  you 
are  interested  in  some  picture  of  how  a  long  chain  com- 
pound, for  example,  of  a  hydrocarbon  like  gasoline,  is  de- 
composed in  the  spark  or  during  combustion.  There  are 
a  number  of  theories  at  present  with  regard  to  the  way 
such  combustion  takes  place,  two  of  which  are  probably 
the  most  suggestive.  One  is  that  the  compound,  being  a 
long  chain,  has  some  weak  point  and  that,  with  the  in- 
creased agitation  of  the  molecules  and  of  the  atoms 
within  the  molecules  that  occurs  at  a  high  temperature, 
the  long  chain  arrangement  becomes  weak,  breaks  apart 
and  leaves  some  atom  or  group  of  atoms  which,  let  us 
say,  has  not  got  all  the  corners  of  the  Lewis-Langmier 
cube  fitted  up  and  which,  therefore,  takes  on  or  draws 
near  to  it  some  of  the  electrons  of  some  other  atom,  for 
example,  the  oxygen  atom.  The  other  theory,  for  which 
there  is  not  so  much  evidence,  is  that  the  oxygen  atom  or 
the  oxygen  molecule  first  adds  on  to  the  whole  chain  in 
some  way  that  we  do  not  yet  understand,  and  that  then 
a  breaking  occurs  in  some  place.  It  is  a  very  character- 
istic thing  that  a  number  of  chemical  reactions  which  we 
are  accustomed  to  think  of  as  taking  place  very  readily  are 
easily  prevented.  For  example,  you  are  familiar  with 
the  fact  that  if  we  put  sodium,  which  is  an  extremely 
active  element,  into  an  atmosphere  of  chlorine,  a  very 
vigorous  reaction  results;  that  if  we  place  sodium  in 
contact  with  the  air  or  with  pure  oxygen,  it  oxidizes  ex- 
tremely rapidly;  or,  for  example,  that  ammonium 
chloride,  when  it  is  heated,  decomposes  into  ammonia 
and  hydrochloric  acid.  It  is  found,  however,  that  if  we 
put  sodium  into  dry  chlorine,  the  sodium  and  the  chlorine 
will  not  react;  and  that  if  we  take  ammonium  chloride, 
dry  it,  for  example,  over  phosphorus  pentoxide  so  that 
all  of  the  moisture  is  gone,  and  then  heat  it,  volatiliza- 
tion will  occur  without  decomposition.  If  we  take  phos- 
phorus and  expose  it  to  dry  oxygen  it  will  not  burn;  at 
least  not  unless  you  heat  it  to  a  fairly  high  temperature. 

It  strikes  me  that  catalysis  is  a  matter  of  extraordinary 
importance  in  the  problem  of  the  internal-combustion 
engine.  I  know  very  little  about  what  has  been  done 
with  regard  to  the  internal-combustion  engine,  but  the 
extremely  important  problem  of  the  future  is  not  merely 
the  study  of  the  simple  chemistry  of  the  combustion  of 
the  hydrocarbons  in  an  engine  cylinder,  but  the  effects 
that  catalytic  actions,  which  are  bound  to  be  present  in 
carbon  deposits  and  the  rough  metallic  surfaces,  will  have 
upon  combustion. 

Prof.  Daniel  Roesch  : — I  am  seriously  impressed  by 
the  importance  of  this  subject  and  the  mode  of  treating 
it  in  relation  to  the  automotive  industry.  The  coordina- 
tion of  information  of  this  kind  with  that  used  by  en- 
gineers will  bring  the  ultimate  result.     I  think  that  in 


5  or  10  years  from  now  the  importance  of  it  will  be  seen. 
Cooperation  by  the  chemist,  the  physicist  and  the  en- 
gineer is  bound  to  clear  up  the  situation. 

Mr.  Horning: — I  would  like  to  have  Professor  Lemon 
and  Dr.  Schlesinger  consider  a  combination  of  oxygen 
and  hydrogen  and  discuss  the  mechanism  whereby  a  very 
high-frequency  radiation  may  loosen  the  bond  of  hydro- 
carbons and  thus  facilitate  their  combining  with  oxygen. 
Our  engineers  are  at  the  point  where  they  would  like  to 
understand  the  fundamentals  of  this  process. 

Combustion 

Dr.  Schlesinger: — That  is  a  question  which  just  at 
present  is  one  of  those  most  discussed  in  physical  chem- 
istry. I  will  point  out  the  way  in  which  that  question 
has  come  up  in  chemistry  and  the  lines  along  which  it 
is  being  developed  at  present.  We  all  know  that  the 
higher  the  temperature  is  the  more  rapidly  will  a  chemi- 
cal reaction  take  place.  Imagine  a  chemical  reaction, 
say  between  the  gaseous  substances  A  and  B.  The  mole- 
ules  of  A  and  the  molecules  of  B  are  moving  about  at 
high  speed,  and  occasionally  a  molecule  of  A  and  a  mole- 
cule of  B  come  together,  with  a  chemical  reaction  as  a 
result.  We  know  that  if  we  raise  the  temperature  we 
shall  increase  the  velocity  of  those  molecules  and,  there- 
fore, we  can  understand  that  the  speed  with  which  the 
chemical  action  takes  place  should  increase  with  the  rise 
in  the  temperature.  When  we  actually  measure  the  in- 
crease in  the  speed  of  the  reaction  with  the  rise  in  the 
temperature,  we  find  that  the  increase  in  the  speed  of 
the  reaction  is  many  hundred  times  greater  than  he  can 
account  for  simply  upon  the  assumption  that  it  is  due  to 
the  increase  in  the  speed  of  the  molecules.  How  shall  we 
account,  then,  for  the  fact  that  the  velocity  of  the  re- 
action increases  so  much  more  rapidly  with  a  rise  in  the 
temperature  than  it  should  increase  according  to  the 
purely  increased  speed  of  the  molecules  ?  We  may  assume 
that  there  are  for  each  kind  of  substance,  let  us  say,  two 
kinds  of  molecule,  or  two  states  in  which  the  molecule 
may  exist,  one  in  which  the  molecules  are  active  and  the 
other  in  which  they  are  passive. 

In  the  chemistry  of  10  years  ago,  we  should  have  said 
that  perhaps  some  of  the  double  bonds  in  a  carbon  com- 
pound had  been  ruptured,  but  we  are  beginning  to  inquire 
more  deeply  into  the  phenomenon  of  activation.  There 
is  a  great  probability  that  each  molecule  has  a  certain 
definite  vibration-frequency  and  that  if  we  put  into  the 
molecule  energy  of  a  wave-length  that  is  capable  of  har- 
monically increasing  the  vibration-frequency  of  that 
molecule,  we  shall  make  it  react  more  readily.  Conse- 
quently we  find  two  effects:  (a)  that  certain  substances 
are  sensitive  to  light-rays  in  a  certain  way ;  for  instance, 
we  know  that  the  photographic  plate  is  much  more  sensi- 
tive to  the  shorter  wave-lengths  than  to  the  others;  and 
(6)  when  we  put  energy  into  a  system  by  raising  the 
temperature  we  increase  the  amplitude  of  those  vibra- 
tions and,  therefore,  make  the  tendency  to  rupture  the 
molecule  greater. 

The  same  problem  is  involved  in  the  question  which,  as 
I  have  pointed  out,  is  of  such  great  importance  in  the 
combustion  of  fuel  in  the  internal-combustion  engine, 
namely,  catalysis.  Why  should  certain  substances  merely 
by  their  presence  be  capable  of  increasing  the  velocity  of 
the  reaction?  They  can  do  so  in  many  ways,  but  one 
way  is  by  being  able  to  absorb  radiation  of  a  particular 
frequency  and  to  give  out  radiation  of  a  frequency  that 
will  increase  the  vibration  amplitude  of  a  particular 
molecule. 
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These,  at  pi  re  theories  that  have  not  yet  been 

•  ii  partially  established,  but  some 

working   very   actively   along   these 

Zimmerman: — The  one  thing  that  we 

■   from  this  meeting  is  that  altogether 

too  oft  ir  engineering  societies  we  follow  questions 

fror.  ipoint.     It  has  been  shown 

.  that  chemistry  ami  physios  can  enter 


into  our  problems  and  our  understandings  much  more 
extensively  than  they  have  entered  in  the  past.  The  real 
development  in  internal-combustion  engines  in  the  auto- 
motive industry,  or  in  any  other  industry  for  that  matter, 
is  the  application  of  the  principles  that  are  worked  out 

in  institutions  such  as  the  University  of  Chicago  and  by 

such  coordination  as  we  have  had  between  Professor 
Lemon's  excellent  scientific  conceptions  and  our  engineer- 
ing  reactions   from  the   mechanical   standpoint. 


I R  R IGATK  )N  DEVELOPMENT 


RLAMATION  must    be   developed    with    due 

deration   to   the   ability   of   the   reclaimed    land   to 
■  n   an   economic-   basis   with   other   cultivated   land, 
and  to  the  total   output  of  American   farm   products    in   re- 
latic  probable   demand   for   them.     The   problem    is 

one  of  peculiar  interest  to  most  of  the  States  beyond  the 
pi,  as  the  western  two-fifths  of  the  United  States, 
embracing  parts  of  the  Dakotas  and  the  tier  of  States  mi- 
med:.. .:h  of  them  and  all  the  territory  westward 
to  the  Pacific  coast,  is  a  region  of  deficient  rainfall.  For 
the  most  part  it  has  an  annual  rainfall  of  less  than  20  in. 

-belt    lar..:  -'PP'    receive    from    30 

to  40  in.  annually,  while  the  fall  over  considerable  areas 
fart)  is    a*    high    as    60    in.      In    addition    to    the 

scantiness  of  precipitation  in  the  large  western  area,  the 
seasonal  distribution  is  such  that  full  benefit  is  not  received 
in  the  growing  season.  West  of  the  Rockies  most  of  the 
rainfall  occurs  in  winter.  Within  the  area  described  varia- 
tion in  the  quantity  of  precipitation  occurs,  but.  while  some 
favored  regions  west  of  the  Rocky  Mountains  and  on  the 
Pacific  coast  receive  more  than  30  in.  annually,  in  another 
larger  area  less  than  10  in.  is  the  rule,  a  condition  com- 
parable I  ind  in  the  Sahara  Desert. 

On  the  authority  of  the  United  States  Reclamation  Service, 
it  is  stated  that  "under  the  most  complete  system  of  irriga- 
tion possible  it  is  probable  that  not  over  5  per  cent  of  the 
arid  land  can  be  irrigated  in  any  one  of  the  Western  States." 
A  half  century'  of  irrigation  by  private  enterprise  preceded 

rnment  entry  into  the  irrigation  field  through  the 
passage  of  the  Reclamation  Act  in  1902,  and  nearly  9,000,- 
000  acres  of  land  was  receiving  an  artificial  water  supply 
at  that  time.  To  a  very  limited  extent  the  States  had 
pron  -ruction  of  works,  but  difficulties  in  financing 

hindered    its    progress. 

ummary  of  irrigated  lands  included  in  the  Census  of 


1920  shows  ever  1 '.1.000,000  acres  of  land  in  1 '.I  States  actually 
irrigated.  This  includes  enterprises  of  all  kinds,  both  public 
and  private.  Improved  farm-lands  in  the  United  States 
included  :>o:;,000,000  acres  at  the  close  of  i;»l<).  One-third 
more  land  than  was  actually  supplied  in  1919  can  be  watered 
without  thi'  construction  of  any  new  facilities. 

The  years  1920-21  and  1921-22  provided  a  severe  test  of 
the  economic  stability  of  the  irrigation  works.  The  irriga- 
farmer  has  a  heavier  financial  burden  than  others,  as 
the  annual  charges  for  operation  and  maintenance  of  the 
irrigation  system  continue  whether  the  farm  is  paying  or 
not.  These  are  in  addition  to  the  installments  payable  on 
construction  charges.  For  the  years  1920  and  1921  the 
situation  of  many  of  the  farmers  on  Government  projects 
was  so  serious  that  relief  acts  were  passed  by  Congress 
in  1921  and  1922  to  enable  them  to  continue  operations. 
Xone  of  the  accrued  charges  was  remitted,  but  authorization 
was  given  to  suspend  the  rule  that  water  service  be  dis- 
continued where  payments  were  in  arrears  for  more  than  a 
Normally  some  deficiency  in  payments  occurs  each 
year,  but  a  considerable  increase  occurred  in  the  2  \ 
mentioned.  The  average  value  of  farm  lands  in  Kansas  was 
about  $55  per  acre  in  1919,  in  Iowa  nearly  $200  per  acre 
and  in  the  Country  as  a  whole,  $57.  Arid  land  has  been 
made  productive  in  the  past  at  a  cost  of  at  least  $60  per 
acre  on  the  average  for  those  projects  that  have  received 
nment  supervision. 

Where  the  product  of  irrigated  lands  is  sufficient  to  earn 
on  the  larger  capitalization  at  the  average  rate  on  nun- 
irrigated  lands,  the  investment  is  profitable.  Taking  into 
consideration  the  probable  higher  cost  of  successive  Govern- 
ment works,  only  lands  of  high  productivity  should  be  de- 
veloped. Otherwise,  the  project  farmer  will  find  himself 
handicaped  at  the  start  in  competition  with  the  majority 
of  producers. — Commerce  Monthly. 


THE  ONE  CROP  FARMER 


AitERII  A  can  uev  r  be  made  safe  for  the  one-crop  farmer, 
ilways  be  "in  hot  water"  and  in  politics.     His 
be  the   political   demagogue's  oppor- 
tunity to  be  elected  to  an  office.     Fundamentally,  the  woes 
;>   farmer  are  the  fuel  and  the  flame  of  the 
Farn  party   movement. 

America  never  has  been  and  never  is  likely  to  be  unsafe 
00  practices  diversified   farming,  the  key- 
stone of  which   is  live  stock.     Firmly  established  and  even 
today   compar  :  rosperous   in    many   regions   in   many 


States,  diversified  or  mixed  farming,  which  always  and 
everywhere  is  based  on  stock  raising,  is  the  Nation's  greatest 
asset  and  chief  safeguard  in  a  time  of  economic  and  political 
upheaval. 

The  overwhelming  majority  of  American  land-owners  are 
neitle  l-ts    nor    wheat    farmers.      So   long   as   mixed 

farming,  with  its  foundation  based  upon  improved  live  stock, 
continues  to  Increa  ,  as  it  has  been  rapidly  increasing  in 
recent  years,  American  agriculture  cannot  be  "ruined"  by 
unprofitable  price-  for  wheat. — Breeders  Gazette. 
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Discussion  of  Papers  at  the  1923 
Production  Meeting 


THE   discussion  of  many   of  the  papers  presented 
at  the  recent  Production  Meeting  of  the  Society, 
which  is  constituted  without  any  exception  of  the 
remarks  made  at  the  meeting,  is  printed  herewith.     An- 
other feature  that  is  worthy   of  comment   in  this  con- 
nection is  the  large  number  of  question  cards  handed  in. 
For  the  convenience  of  the  members,  a  brief  abstract 


of  each  paper  precedes  its  discussion.  Members  who 
desire  to  refer  to  the  complete  text  as  originally  printed 
and  the  illustrations  that  appeared  in  connection  there- 
with can  do  so  with  a  minimum  of  effort  by  consulting 
the  index  on  the  first  page  of  the  November  issue  of 
The  Journal,  as  all  of  the  papers  for  which  discussion 
is  given  below  were  published  in  that  number. 


SPUR-GEAR  GRINDING  AND  TESTING 


BY  A.   J.   OTT  AND  C.   L.   OTT 


A  GRINDING  machine  for  finishing  spur-gears  is 
illustrated  and  described;  claims  are  made  that  it 
will  grind  transmission  gears  on  a  production  basis 
after  they  have  been  heat-treated,  will  produce  correct 
tooth-contour,  smooth  finish  and  accurate  tooth-spac- 
ing, these  features  being  necessary  in  producing  gears 
that  are  interchangeable  and  that  run  quietly. 

This  machine  is  of  the  generating  type,  its  action 
being  that  of  rolling  a  gear  along  an  imaginary  rack 
and  using  the  grinding  wheel  as  one  tooth  of  the  rack. 
The  dished  grinding-wheel  is  reversible,  30-in.  in 
diameter,  mounted  below  the  gear,  and  can  be  swiveled 
to  the  right  or  left  of  the  center  position  up  to  an  angle 
of  25  deg.  The  work-spindle  carries  the  indexing  and 
the  generating  mechanisms  at  the  rear,  where  they 
are  accessible  and  yet  are  protected.  Two  or  more 
machines  can  be  operated  simultaneously  by  one  man, 
as  a  clocklike  mechanism  can  be  set  to  stop  the  work- 
carriage  and  the  grinding  wheel  when  the  last  tooth 
of  a  gear  has  been  ground. 

A  drum-cam  drives  the  work-carriage.  Thin  steel 
tapes  are  used  to  accomplish  the  generating  principle; 
they  wind  and  unwind  on  a  pitch-diameter  segment 
as  the  work-carriage  is  driven  forward  and  back- 
ward, and  produce  uniform  duplication  of  tooth-con-  • 
tour.  Slight  variations  of  tooth-contour  can  be  made 
easily  by  giving  a  greater  or  a  less  angle  to  the  wheel 
and  also  by  varying  the  diameter  of  the  pitch-circle  or 
segment. 

A  machine  for  testing  gears  that  have  been  ground 
is  described  also;  it  will  develop  the  involute  curve, 
indicate  whether  it  is  true  or  modified  and  test  tooth- 
spacing.  By  means  of  adapters,  engine-front  spiral- 
gears,  and  bevel-gears,  can  be  checked  for  accuracy  of 
contour  and  for  tooth-spacing. 

THE  DISCUSSION 

Chairman  John  Younger: — An  interesting  thing 
brought  out  by  Mr.  Ott  is  that  if  we  grind  gears  it  will 
eliminate  the  tear-downs  to  a  large  extent,  such  as  the 
overhaul  work  in  transmissions.  We  are  getting  to  the 
point  in  automobile  construction  where  we  are  looking 
all  the  time  for  longer  life  of  the  parts.  If  we  can  take 
off  a  slight  quantity  of  metal  that  causes  interference, 
noise  and  wear,  we  will  obtain  a  longer  life  for  our 
transmissions,   axles  and  timing-gears. 

Question  : — How  much  is  removed  from  the  pitch- 
diameter  in  the  grinding  time  required  per  tooth? 

A.  J.  Ott: — Usually  from  0.003  to  0.005  in.;  sometimes 


only  0.002  in.  The  time  required  on  the  usual  trans- 
mission tooth  is  5  or  6  sec.  per  side  of  tooth.  That  is 
one  grinding,  or  once  around,  which  includes  the  in-and- 
out  movement  of  the  tooth  to  the  wheel.  Usually  the 
operator  goes  around  the  gear  twice. 

Question  : — What  is  the  limit  of  face-width  on  gears 
ground  with  your  machine? 

A.  J.  Ott: — For  a  six-pitch  gear,  it  is  2  in. 

Question: — Why  do  you  use  a  30-in.  diameter  wheel? 

A.  J.  Ott: — The  30-in.  wheel  is  used  so  that  we  can 
grind  up  to  a  2-in.  diameter. 

Question: — What  would  be  the  daily  production  in 
8  hr.   on  the   gear   first   shown? 

A.  J.  Ott: — That  depends  upon  distortion  and  how 
many  times  it  is  necessary  to  go  around  the  gear. 

C.  L.  Ott: — It  depends  also  on  whether  we  want  to 
grind  the  gear  on  both  sides  and  how  many  machines  the 
operator  can  use.  On  a  33-tooth  gear,  a  man  could  easily 
run  three  machines,  if  he  had  that  many  available;  if 
he  had  only  two  machines,  the  grinding  time  there  should 
allow  him  to  accomplish  about  seven  or  eight  gears  per 
hr.,  two  grinds  per  side,  which,  in  an  8-hr.  day,  would  be 
64;  it  would  be  about  from  55  to  60  per  machine.  If 
we  want  to  grind  both  sides,  we  can  do  that  with  two 
machines,  or  double  the  production  if  only  one  side  is 
ground.  A  higher  speed  than  this  is  maintained  in  one 
installation.  This  is  14  teeth  per  min.  on  a  six-pitch 
gear,  or   10  gears  per  hr.  per  machine. 

Question: — How  are  wide-face  gears  ground? 

C.  L.  Ott: — Our  machine  will  not  grind  over  2  in.  on 
a  six-pitch  gear,  and  the  average  transmission  gear  is 
not  that  wide.  This  machine  is  made  for  that  job.  The 
average  transmission  gear  is  from  r,s  to  1  in.  wide. 

Question  : — Is  it  necessary  to  true  the  wheel  while  the 
gear  is  being  ground? 

C.  L.  Ott: — If  we  had  to  true  the  wheel  while  the  gear 
is  being  ground,  the  grinding  machine  would  be  no  good. 
We  use  a  30-in.  wheel,  which  provides  almost  8  ft.  of 
abrasive  surface.  There  is  no  particular  wear  when  the 
gear  goes  around  once;  it  is  impossible  to  detect  it. 

Question  : — Is  it  necessary  to  reverse  the  wheel  to 
grind  both  sides  of  the  tooth? 

C.  L.  Ott: — It  is  not  necessary  to  do  that  if  the  gear 
can  be  reversed.  Reversing  the  wheel  is  necessary  only 
in  the  case  of  stem  gears  and  where  it  is  desired  to  re- 
tain the  same  holding  arbor.     If  we  wish  to  reverse  the 
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:  hold  it  with  an  outer  support,  we  can  do 
not  advise  that  because  it   is  very 

yt  .    an    be    ground    on    this 

n    .  it  is  only  for  spur-gear  grinding. 

yt  n   many  teeth  can  l>e  ground  with  one 

•    wheel? 
:     On       !   should  Baj    that  on  the  six-pitch  gear, 
teeth  should  be  ground  with 
ting  around  a  33-tooth  gear  twice, 
•uld   be  advisable  to  dress   the   wheel.      It    depends 
wheel   is  being  OS 
n  :— How  are  cluster  gears  ground? 
''TT: — The  cluster  gear  is  usually  made  with  the 
009C     The  middle  gear  can   be  ground  and 
then   the   larc  can   be   ground   in   place  after    it 

een  riveted-on  or  ground  before  it  is  riveted-on.    We 
grind  t  in  a  cluster  of  ordinary  design, 

gi  What     do    you    consider    a    commercial 

amount  of  backlash  for  a  ground  gear'.' 

L     ott: — The    engineer    at    the    motor-car    plant 
illy  tells  us  how  much  backlash   is  desired.     1  would 
hat.  with  closely  held  limits,  on  transmission  ci 
about   0.003  in.  on  each   gear   is   sufficient. 
question: — What   are  your  grinding  toleran 

L.  Ott: — We  can  hold  a  gear  right  up  to  size,  pro- 
vided it  has  sufficient  stock.  Taking  a  gear  with  over- 
.  teeth,  we  can  clean-up  this  gear  after  hardening 
and  then  test  it  for  backlash.  If.  say.  it  is  0.002  in  above 
the  limit,  we  can  put  it  in  the  machine  and  take  off  the 
•nin  0.00025  in.  at  least  As  for  tooth  spacing, 
wu  hold  limits  of  0.00025  in.  tooth-to-tooth  and  use  a 
90-deg.  check  and  0.0015-in.  accumulated  error. 

ESTION:—  How   are  bevel  geai  for   involute 

■  ature? 

L.  Ott: — We  cannot  do  that  on  this  machine.  We 
chart  the  tooth  curve  and  test  the  tooth  spacing. 
QUESTION: — What   is   the  approximate  additional 

all  the  teeth  of  ordinary  automobile  trans- 
-• 
I..   Ott: — I   take   it  that  the  question   means  labor 
leaving  out  overhead.     Taking  a  six-pitch  gear  for 
fie   and   averaging   eight    gears    per    hour   on    both 
.  all  the  way  through,  if  the  man  were  paid  80  cents 
per  hr.,  it  would  be  around    1"  cents   per  gear.     That 
d  be  rather  high;  say  from  8  to  10  do  that 

tch  gear.     Usually  si-  n  the  ordinary  ti 

on  are  ground  and   the   labor  cost   would   be  a 
50  c< 

■■  do  you  keep  the  cutting  plane  of  the 
wheel   exactly   at   the  theoretical   line  of  contact   as   the 
the  diamond 
I..  OTT:  •    we   rolled  a  pinion  along  a   rack. 

In  like  manner,  so  lot  roll  the  gear  against   the 

grinding  wheel,  roll  it  far  enough  out  when   it  rev      • 
and  roll  it  back  again,  it  will  give  the  same  curve.     We 

;  ,   in.  lengthu  ise,  and 
mai:  '.at    rolling,  and   no   difference   was    noticed 

the   roll   is  maintained,   there 
articular  point  there. 

•   chief  advantage 
.- 
I..    Ott  :      I  wants    noise    eliminated    in 

;nk  that  durability   is  a  good    fea- 
ture.    One  would   ra*  a   gear   for  GO  cents  than 
pay    $1.       There    are    three     benefits     from     grinding: 
eliminatior                 •  -.  and  durability. 

.nding  increase  the  load  that  can 


.rried  by   providing   more  uniform  contact? 

Chairman  Vol  NOKR:  That  is  perhaps  expressed  by 
saying  that  the  same  load  can  be  carried,  but  for  a  much 
longer  time.  That  gives  durability,  the  matter  of  long 
life,  that  is  a  large  factor  in  automobiles  just  now.  Tin 
life  of  cars  is  increasing  steadily.  Formerly,  the  a 
age  life  was  about  5  years.  It  is  now  in  the  neighbor- 
hood of  7  years  and  the  curve  of  life  is  rising  right 
along.     Just   such  things  bring  this  about. 

QUESTION: — Does  the  wheel  travel  across  the  face  of 
the   tooth? 

C.  I..  Ott: — The  wheel  does  not  travel  at  all:  it  rev 
only. 

QUESTION:-    Will    the    gear-grinding    machine    accom- 
late  gears  of  any  involute  form  of  standard  or  spi 
pitch? 

C.  L.  OTT:— I  think  it  will:  certainly  it  will,  if  they 
are  within  any  reasonable  limits.  We  can  grind  a  modi- 
fied involute  form,  and  any  pressure-angle  up  to  25  deg, 

QUESTION  : — Can  the  wheel  be  dressed  during  the  grind- 
ing of  a  gear  and  still  retain  accuracy? 

C.  L.  Ott: — I  think  that  it  would  not  be  advisable. 

Question:- — What  method  do  you  use  to  dress  the 
grinding  wheel? 

('.  L.  Ott: — We  have  a  double-worm  hand-driven  tru- 
ing-device  that  is  very  substantial  in  design.  It  has  a 
rocking  motion.  We  have  experimented  with  slides  for 
truing,  but  the  grit  gets  in.  We  have  eliminated  all  of 
that  trouble  by  making  a   lever-action  device. 

Question  : — Why  do  you  follow  the  tooth  form  of  a 
green  gear  instead  of  establishing  a  master  form  on  tin 
grinder? 

i  .  L.  Ott: — That  point  is  raised  by  the  manufacturer 
who  has  gears  out  in  service,  on  account  of  his  repairs, 
lie  would  like  to  have  the  same  curve  sent  out,  so  we 
an-  required  to  grind  that  curve.  We  think  it  is  all  right 
if  the  gears  run  quietly. 

QUESTION: — A  grinding  finish  was  said  to  depend  upon 
the  amount  of  backlash  desired.     In  what  way? 

C   L.  Ott: — The  only   relation  between  backlash 
grinding  finish  is  that,  if  gears  are  cut  with  the  desired 
backlash   and   we   are   expected  to  true  them   up   after- 
ward, more  backlash   results;  that  is  all. 

Chairman  Younger: — In  other  words,  you  must  havi 
a  full-stock  gear. 

C.    L,    Ott:      We   >hould    have   a   small   allowance. 
0.0(12  or  0.00.",  in.  on  the  side. 

QUESTION: — If  noise  is  not   a  factor,  what  can   be  said 
as  to  the  wear  of  teeth  that  are  ground  and  those  that 
unground? 

<  .   L.  Ott: — We   have  >tatements  from  two  large  en- 
gine companies  in   Detroit.     They  say  that,  from  actual 
.  tin-  (.'round  (.'ear  lasts  far  longer  than  the  unground 
gear. 

QUESTION:  Does  a  true  involute  curve  produce  a  quiet 
gear? 

C.  L.  Ott: — We  have  found  by  experience  that,  if  no 
eccentricity  in  the  spacing  of  the  teeth  occurs,  the  cum- 
can  vary  somewhat  and  we  still  get  about  the  same  re- 
sults so  far  as  the  perfect  involute  is  concerned.  I  feel 
that  the  curve  ought  to  -lay  a  little  bit  away  from  that. 

QUESTION:  -Have  you  made  any  advance  in  regard  to 
■    el  grinding? 

C.  L.  Ott: — We  have  not  taken  up  that  proposition 
yet. 

Question:-  What  is  there  to  slop  water  from  getting 
between  the  grinding  wheel  and  the  bearing  of  the 
spindle? 

C.   I..   Ott:— Because   the   wheel   is   below   the  work, 
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water  or  anything  of  that  character  will  have  a  tendency 
to  get  into  the  bearings,  but  we  have  that  well  safe- 
guarded. We  have  two  splash-rings  there  and  rely  on 
centrifugal  force  to  help  us  out;  also,  we  use  a  double 
packing-ring.     We  have  no  trouble  there. 

Question: — Were  the  tooth  curves  shown  taken  from 
production  or  from  an  experimental  test? 

C.  L.  Ott: — From  production. 

Question: — Is  the  cutting  face  of  the  plane  a  plane 
surface  only? 

C.  L.  Ott: — Yes. 

Question: — Is  that  modified  at  all? 

C.  L.  Ott: — There  is  absolutely  no  modification. 


Chairman  Younger: — Do  automobile  manufacturers 
pay  any  attention  to  securing  quiet  gears  in  England? 

W.  Hadley1: — Certainly.  Owing  to  the  high  speed  at 
which  the  English  engines  run  compared  with  those  of 
the  American  cars,  we  have  to  get  down  to  this  very 
thoroughly. 

Chairman  Younger: — They  do  much  gear-changing  in 
Europe.  Do  they  insist  upon  quiet  second  and  third- 
speed  gears? 

Mr.  Hadley: — Yes. 

Chairman  Younger: — Is  that  obtained  by  grinding, 
by  care  in  manufacturing  or  in  other  ways? 

Mr.  Hadley: — That  is  taken  care  of  by  grinding. 


DEVELOPMENTS  IN  PRODUCTION    GRINDING   IN 
THE  AUTOMOTIVE  INDUSTRY 


BY   OSCAR   A.    KNIGHT 


IN  production  grinding  the  progress  made  during  the 
past  few  years  has  been  along  the  line  of  grinding 
multiple  parts  simultaneously,  such  as  piston-rings, 
ball  and  roller-bearing  cups  and  so  forth.  This  kind 
of  grinding  brought  about  the  use  of  wider  wheels 
to  cover  the  entire  surface  of  the  work,  whereas  for- 
merly narrow  wheels  had  been  used  with  the  traversing 
table  method.  With  the  development  of  these  opera- 
tions came  the  cylindrical  grinding  of  square  and  dis- 
tributor cams;  also  square  shafts,  using  the  oscillating 
cam-grinding  attachments;  piston-relief  grinding  with 
the  same  attachments;  and  two-wheel  or  double-wheel 
grinding  for  such  parts  as  steering-knuckles  and  pin- 
ion shafts  of  different  diameters  or  where  two  diam- 
eters are  separated  by  some  protrusion,  as  in  steering- 
gear  worm-shafts. 

To  accomplish  these  new  operations  more  care  has 
been  taken  to  build  machines  that  are  heavier,  stronger 
and  more  accurate  so  that  operators  can  place  greater 
dependence  upon  the  mechanisms  than  was  possible 
with  previous  machines.  Greater  care  has  been  taken 
to  balance  the  grinding  wheels  more  accurately  to 
overcome  imperfections  in  finish  and  to  eliminate  ex- 
cessive repairs  on  the  grinding  machine  itself.  Some 
of  the  new  attachments,  mechanisms  and  grinding 
machines  are  described  in  detail  in  the  paper. 

In  conclusion  the  author  states  that  the  automotive 
industry  has  become  the  chief  element  in  machine-tool 
business  in  the  Country  at  the  present  moment  and 
therefore  the  principal  factor  in  forcing  new  develop- 
ments in  machine-tool  design.  He  also  points  out  the 
importance  of  a  quality  product  to  serve  the  needs  of 
the  automotive  industry  adequately. 

THE  DISCUSSION 

Chairman  John  Younger: — Originally,  crankshafts 
were  very  small  in  diameter.  We  made  them  as  near 
the  minimum  size  as  we  possibly  could.  Then  we  in- 
creased their  diameter.  We  were  satisfied  with  this  for 
a  while,  but  this  year  there  has  been  another  general 
movement  toward  again  increasing  their  size.  In  our 
big-diameter  crankshafts,  to  what  extent  are  we  eliminat- 
ing the  use  of  the  steady-rest  while  grinding?  Is  it 
possible  to  do  away  with  it  ? 

0.  A.  Knight: — Several  factories  run  their  machines 
without  steady-rests;  but  their  production  is  very  small 
compared  with  that  of  those  who  support  the  pins  with 
a  steady-rest. 

■English  representative,  Lees-Braclner  Co.,   Cleveland. 


Chairman  Younger  : — Does  that  mean  that  the  thrust 
of  the  grinding  wheel  is  greater  than  the  explosion 
thrust? 

Mr.  Knight: — A  wide-face  wheel  will  force  the  work 
away  from  the  cutting  surface  of  the  wheel  unless  we 
back  the  work  up.  The  length  of  the  work  being  done 
should  be  as  short  as  possible  between  centers ;  the  pur- 
pose of  the  steady-rest  is  to  hold  the  work  on  the  center 
line.  It  eliminates  the  vibration  of  these  heavier  shafts, 
which  vibrate  more  than  the  lighter  shafts  did. 

Chairman  Younger: — Then,  in  future  design,  we  will 
have  to  consider  tooling  reactions  as  well  as  the  reactions 
in  the  machine. 

Mr.  Knight: — Yes.  I  believe  we  shall  always  have 
to  support  a  crankshaft  with  a  steady-rest  to  make  it 
as  round,  straight  and  smooth  as  is  demanded  by  the 
trade. 

Question: — What  means  have  been  developed  to  bal- 
ance grinding  wheels? 

Mr.  Knight: — Several  means  are  provided  for  balance 
ing  wheels.  The  right  way  to  balance  a  wheel  is  to 
balance  the  wheel  itself.  If  it  were  possible  for  wheel- 
makers  to  puddle  a  wheel  in  such  a  way  as  to  cause 
a  uniform  balance  throughout  its  life,  that  would  be 
ideal.  That  has  been  accomplished  on  an  experimental 
basis  but  it  has  not  been  carried  out  in  production. 
Eventually,  no  balancing  devices  on  the  machine  itself 
will  be  required,  because  the  wheel  that  has  been  made 
true  to  its  respective  size  will  be  in  balance  throughout 
its  life.  Lead  has  been  placed  in  one  side  of  a  wheel 
to  offset  a  heavy  side  opposite,  but  the  wheel  sleeves 
that  hold  the  wheel  have  been  equipped  also  with  balanc- 
ing flanges.  The  wheel  is  in  balance  when  received  by 
the  user,  but  as  it  wears  smaller  during  its  use,  it  some- 
times goes  out-of-balance  and  must  be  rebalanced. 

Question: — What  limits  for  pin-axis  and  shaft-axis 
alignment  do  you  consider  possible? 

Mr.  Knight: — Anything  less  than  0.002  in.  will  re- 
tard production,  but  I  believe  that  0.002  in.  is  a  good 
figure  to  consider  as  a  good  productive  product  from 
good  crankshaft  machines. 

Question: — Do  you  consider  lapping  after  grinding 
necessary  on  crankpins? 

Chairman  Younger: — I  have  heard  recently  of  a 
machine  for  buffing  crankpins  that  is  very  similar  to  a 
grinder. 
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KNIGH1  ■    different   qualities  of  crankshaft 

The  automotive  engineer  decides  whether  be 

it   that   costs   more.     The 

eration  •   lOd   one.      It    takes   otT 

>r  fuzz  ami  prevents  that  from  going  into 

•  •  ting-rod  or  the  bearing  of  the 

•  If.      Ever}    revolving    shaft    in    a    certain 
:  uffed  in  the  direction  it  rotates  in  the  engine. 

The  of   the   eng;  that    eliminates   much 

and  bearing  trouble  that  would  occur  if 
the  shafts  were  polished  or  buffed  in  the  opposite  direc- 
tion. 

Chairman   Younger:—  it   is   understood,  of  course. 

that  such  lapping  or  buffing  must  be  done  with  the  same 
•he  grinding  is  done. 
Mr.    Knight:  -I    have    known    of    work    being    called 
buffing  that  was  not  buffing;  it  injured  the  pin  as  it  came 
from    the    grinding    machine,    rather    than    having    im- 
proved it.    If  correctly  performed,  buffing  is  an  improve- 
ment after  the  average  medium-rate  crankshaft  has  been 
finish-ground.      I    believe    that    the    crankshafts    for   the 
car  should  be  lapped  by  the  old-fashioned 
lapping    method.     Buffing   will    never    make   a    perfectly 
round  object.      It   will    follow   the   shape   that    has   been 
made   in   the  grinding   machine,   and   all   products    from 
grinding  machines  are  not  perfectly   round  or  perfectly 
gbt;    but   they    are    within   limits   of   accuracy   that 
tfactorj  to  the  maker  of  the  product. 
Chairman   Yoi  sgi-k:     What   is  the  wheel  cost   for  a 

•.   for  example? 
Mr.    Knight: — I    cannot    state   exactly.     The    rough- 
grinding  on  pins  per  pin;  roughed  from  the 
black    stock.      That    includes    diamond    and    wheel    I 

Chairman  Younger:    i  '  almost  neg- 

ligible in  the  cost  per  shaft? 
Mr.  Knight: — 1 

.-.-TioN: — How    much    does    the    oscillating    wheel 
trav 

Mr.     Knight: — Nothing    would    prevent    them    from 

traveling   ':   in.  if  that   were   found  necessary,   but  any 

movement  from  1   32  to  '  *   in.  is  sufficient  to  break-up 

the  grain  lines,   for  which  purpose  the  attachment   was 

■  ped. 

QUESTION       I-   the  trend  toward  centerless  grinding- 

ines   where   larger  limits  are  allowed? 
Mr.  Knight: — The  trend  is  great  toward  the  eenter- 

maehine. 
Chairman  Younger: — Does  it  mean  differences   in 

tolerances  and  limits? 

Mr.  Knight: — Just  uracy  can  !»•  Becured 

fron  terle       machine,   if  great  care  is  taken    in 

preparing  for  the  closer  limits.  The  greatest  produc- 
tion from  centerless-machine  grinding  will  be  secured 
with  wide  limits  for  accuracy  and  finish.  The  centerless 
machine  is  doing  wonderful  work  1oday  in  the  grinding 
that  have  no  centers  or  pieces  where  center- 
emoved  I  know  very  little  about  cente 
grinding  except  what  I   r  rved,   but   I   think   the 

of  a  large  volume  of  work  is  toward  semi- 
automatic, automatic  and  centerless  grinding,  but  center- 
ling  has  a  limit  BJ  well  a-  crankshaft  grinding 
or  arr.  other  kind.  Production  on  piston  grinding  tuu 
a  limit  becau-e  the  wall  of  the  piston  is  either  thick  or 
thin.     If  it  i  and  those  limits  have 

to  do  with  centerless  grinding  as  they  have  to  do  with 
all  other  kinds  of  grinding,  it  is  the  limit  of  the  grain 
of  the  grinding  wheel,  the  wall  of  the  piece  being  ground 
and  the  accuracy  demanded  by  the  maker  of  the  pieces 
ground. 


Question:     Do  you  see  any  fundamental  obstacle  to 

the  general   use  of   ball   bearings    for  carrying   the  main 
spindles   of    grinding    machines? 

Mr.  Knight:    1 

Chairman  Younger:     is  there  anj  objection  also  to 

the  general   use  of  roller  bearings   for  such   purposes? 

Mr.  KNIGHT:-  I  have  seen  experiments  carried  through 
for  the  use  of  ball  and  roller  bearings  for  the  wheel  spin- 
dle, and  I  would  never  expect  them  to  be  used  tor  pre- 
cision grinding.  The  bearing  surface  is  not  sufficient  to 
withstand  the  present  OUt-of-balance  wheels.  Chatter- 
marks  constitute  the  greatest  trouble  we  have  in  grind- 
ing. Almost  always,  on  precision  work,  when  ball  or 
roller  bearings  have  been  put  into  the  wheel  spindle  as 
a  bearing,  chatter  and  mottle  troubles  have  been  in- 
creased. The  smooth  bronze  or  babbitt-lined  bearing 
with  a  force-feed  oiling  system  is  the  best  bearing  for 
wheel-spindle  construction  For  internal  work,  a  number 
of  very  successful  ball-bearings  are  used  because  of  the 
high  speed,  but  the  speed  of  the  small  wheel  for  internal 
grinding  does  not  affect  the  little  inaccuracies  of  the 
balls  of  the  ball  bearings.  The  cutting  particles  in  that 
small  wheel  run  so  fast  that  they  pass  over  or  split  into 
many  times  the  number  of  chatters  that  would  occur  if 
they  were  made  in  a  cylindrical  machine  or  precision- 
cylindrical  machine  wheel-spindle  bearing. 

Chairman  YOUNGER:— You  -aid  that  you  took  the 
gears  out  of  the  machine  and  substituted  a  silent  chain. 
Were   those  gears  of  cast-inm? 

Mr.  Knight: — One  member  was  hardened  steel  and 
the  other  cast-iron.  The  trouble  with  the  gears  is  not 
that  they  are  </<<;/•.•.•  but  is  attributable  to  the  difficulty 
of  making  good  gears.  Only  by  the  use  of  gears  could 
we  secure  power  and  production  until  we  used  the  chain. 
Engineers  who  formerly  were  afraid  to  use  chains  seem 
not  to  be  afraid  to  use  them  now.  We  find  that  they  are 
very  successful  in  many  different  types  of  machine-tool. 
especially  where  the  machine-tool  is  used  for  precision 
work.  The  chain  or  soft  belt  has  eliminated  our  trou 
when  we  have  found  a  poor  qualify  of  gears  in  any  par- 
ticular machine. 

QUESTION: — Can  the  reciprocating-wheel  device  be  in- 
stalled on  standard-make  grinding-machines  now  in  pro- 
duction? 

Mr.  Knight: — The  device  mentioned  in  the  paper  can 
applied  to  any  machine  made  by  that  concern. 

QUESTION: — What  developments  have  been  made  in 
grinding  ring-grooves  in  pistons? 

Mr.  Knight: — I  know  of  no  production  developments. 

QUESTION: — Whv    is    wide-wheel    grinding    limited    t" 
in.? 

Mi;.  Knight: — That  is  as  far  as  we  have  had  expe- 
rience. The  wheel-makers  say  that  no  limit  exists  as 
regards  the  making  of  the  wheel  but,  the  farther  away 
we  get.  the  longer  "f  larger  are  the  spindles  thai 
needed  to  withstand  the  pressure  on  the  end  of  the 
spindle.  To  put  a  bearing  on  the  outside  of  a  wheel  or 
on  the  inside  of  a  wide-face  wheel  is  not  good  practice, 
because,  when  the  wheel  is  changed,  that  bearing  must 
be  removed  and  then  the  alignment  eventually  will  be 
lost  between  the  bearings  supporting  the  wheel. 

CHAIRMAN  Younger:— What  is  the  maximum  width 
of  face  used? 

Mk.  Knight:  -  It  is  10  in. 

QUESTION  :  -No  mention  has  been  made  of  the  hydrau- 
lic traverse.     What  is  your  opinion  regarding  this? 

Mk.  Knight: — It  is  not  very  old  as  yet.     It  is  work- 
ing out  very  nicely  on  internal  machines  but  in  the 
of   cylindrical    grinding,   where   so   much   water   and   so 
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much  lubricant  are  present  and  so  much  necessity  exists 
for  protection  against  the  grinding  material  that  is  re- 
moved from  the  pieces  and  the  splash  of  the  lubricant  for 
keeping  the  work  at  even  temperature,  not  very  many 
grinding-maehine  builders  have  gone  into  that  method 
of  drive  for  precision-work. 

Question: — Have  you  used  the  wheel-reciprocating 
device  in  grinding  cams? 

Mr.  Knight: — No,  except  in  an  experimental  way. 

Question: — To  what  extent  has  the  diamond  been  re- 
placed by  other  truing  devices? 

Mr.  Knight: — In  automobile  plants,  about  two-thirds 
of  the  grinding  machines  are  now  using  mechanical  de- 
vices for  truing  wheels,  and  they  are  very  satisfactory 
for  both  roughing  and  finishing. 

Arthur  C.  Pletz2: — I  do  not  wish  to  contradict  Mr. 
Knight's  statement  by  saying  that  the  lead-lapping 
process  is  not  the  best  thing  to  use,  but  I  believe  that  we 
have  not  developed  a  process  in  lead-lapping  that  would 
be  practical  on  crankshafts.  We  build  crankshaft-polish- 
ing machines  and  we  use  the  felt  wheel  for  polishing.  I 
agree  that,  if  there  is  a  slight  out-of-round  effect,  it  will 
be  maintained;  but  I  think  it  is  the  best  commercial 
proposition  obtainable.  The  departments  in  which  I  have 
been  recently  that  polish  crankshafts  have  always  used 
the  hand  method.  We  believe  it  is  not  the  best  method ; 
it  is  difficult  to  get  men  to  handle  the  "lemon-squeezer" 
type  of  polisher.  It  is  wearing  on  the  men's  arms  and 
does  not  produce  the  best  finish.  I  believe  that  we  get 
the  production  on  our  machines;  in  fact,  we  can  better 
the  production  in  most  cases.  In  a  plant  where  they 
turn  out  from  600  to  700  crankshafts  per  day,  I  was 
asked:  "What  is  your  production  on  the  crankshafts?" 
I  answered:  "Sixty,  probably  70,  crankshafts  per  hr. 
with  three  machines."  I  was  told  that  they  had  three 
high-speed  lathes,  or  three  speed-lathes,  and  that  they 
maintained  this  production.  I  was  shown  some  of  their 
crankshafts  and  believe  they  were  not  improving  them 
very  much  by  their  method.  Our  machine  would  main- 
tain that  same  production  and  give  them  a  decidedly 
better  finish.  In  some  cases  in  wrhich  a  very  high-grade 
finish  is  wanted,  probably  our  production  would  not  be 
as  high  as  that  of  the  lemon-squeezer  type  of  polisher, 
or  the  hand-method,  but  I  know  it  would  be  decidedly 
better  and  give  a  longer  life  to  the  crankshaft  bearings. 

Our  machine  is  very  much  like  the  grinding  machine. 
We  use  very  hard  felt  and  dress  it  with  a  certain  prep- 
aration. For  instance,  on  a  four-cylinder  crankshaft  we 
will  have  one  machine  set-up  with  three  wheels  to  handle 
the  three  main  bearings;  the  other  machines  will  have 
two  wheels  and  wili  handle  the  pin  bearings.  The  oper- 
ator puts  the  work  in  between  centers  on  his  main  bear- 
ings or  into  his  pot-chucks  for  his  pin  bearings.  The 
wheel  is  the  full  width  of  the  bearing;  he  brings  it  right 
up  to  the  work,  holds  it  there  for  a  few  seconds,  brings  it 
back  and  takes  out  the  ci-ankshaft. 

Mr.  Knight: — What  is  the  purpose  of  that  buffing 
operation? 

Mr.  Pletz: — Microscopic  photographs  taken  of  the 
crankshafts  show  that  we  get  a  much  higher  finish  and 
a  much  smoother  surface;  this  means  a  longer  life  for 
the  bearing. 

Mr.  Knight: — This  is  because  the  grinding  operation 
was  a  poor  one.  You  ought  to  improve  the  grinding 
operation. 

Mr.  Pletz: — We  are  improving  the  grinding  finish. 

Mr.    Knight: — You    follow    the   shape   of   the   piece, 

:  Secretary  anil  genera]  manager,  Morris  Machine  Tool  Co.,  Cin- 
cinnati. 


whether  it  is  round  or  straight  or  tapered  and,  while  you 
do  improve  the  quality  of  the  finish,  you  take  away  the 
ground  finish  that  was  put  on  it  with  the  grinding  ma- 
chine, do  you  not? 

Mr.  Pletz: — Yes. 

Mr.  Knight: — That  proves  that  the  operation  of 
grinding  has  been  a  poor  one. 

Mr.  Pletz: — I  find  that  internal-combustion  engine- 
builders  polish  the  bearings  after  they  are  ground  in 
practically  every  plant.  They  change  the  ground  surface 
because  this  is  necessary.  I  believe  there  is  not  a  crank- 
shaft that  goes  into  an  engine  that  is  not  polished  after 
it  is  ground. 

Mr.  Knight: — That  is  true. 

W.  D.  Bliss: — A  grinding-maehine  company  always 
asks  what  degree  of  finish  is  wanted.  Mr.  Knight  spoke 
of  the  degree  of  finish  desired  and  its  relation  to  produc- 
tion. I  have  never  been  able  to  get  any  set  of  standards 
that  would  determine  the  finish  desired.  If  any  such 
thing  as  a  standard  degree  of  finish  exists,  how  do  you 
tell  another  man  what  degree  of  finish  you  want? 

Mr.  Knight: — One  company  has  been  striving  for 
many  years  to  classify  the  standards  of  finish  into  rough, 
commercial,  reflective  and  highly  reflective.  One  can 
read  a  newspaper  held  up  against  the  reflective  finish; 
it  is  one  that  will  reflect  what  is  held  against  it.  When 
we  are  requested  to  make  a  finish,  we  know  that  we  have 
to  make  it  to  suit  that  customer;  sometimes  we  think  it 
is  poor  and  he  thinks  it  is  good,  but  we  suit  him.  We 
get  more  production  with  a  commercial  finish  than  we 
do  with  a  reflective  or  a  highly  reflective  finish.  More 
time  is  required  to  turn  out  a  quality  job.  The  average 
work  that  we  do  is  the  commercial  finish,  of  course.  All 
the  factories  are  getting  into  the  quality  work.  Every- 
one wants  the  finest  grade  of  finish  and  the  greatest 
accuracy.  Machine-tcol  companies  are  building  appara- 
tus to  produce  that  fine  quality  as  rapidly  as  the  com- 
mercial finish  and  commercial-limit  work. 

C.  F.  Wasserfallen  : — We  made  a  separate  operation 
on  finish.  We  never  touched  the  bearing,  regardless  of 
the  speed  at  which  it  was  running,  even  at  3600  r.p.m., 
and  we  made  two  operations.  In  fact,  it  was  the  first 
commercial  grinding  dene  in  this  Country.  We  roughed 
it  and  then  we  finished  it;  we  made  good  speed  and  we 
never  touched  the  bearings.  We  had  three  finishes : 
rough,  commercial  and  mirror.  We  asked  for  mirror 
finish  and  we  got  it;  it  was  better  than  any  lapping  job. 
Defects  could  not  be  detected  by  measurement.  I  believe 
lapping  or  buffing  is  not  necessary.  I  believe  it  is  not  as 
cheap  as  putting  the  work  through  a  second  operation 
with  a  small  amount  of  grinding;  and  the  latter  is  posi- 
tive. 

W.  G.  Careins: — Mr.  Knight  said  that  his  company 
had  made  experiments  with  the  oscillating  attachment 
on  cam  grinding.     What  were  the  results? 

Mr.  Knight: — They  are  very  interesting.  I  believe 
we  will  recommend  it  for  this  class  of  work.  Grain- 
lines  are  produced  in  cam  grinding  just  as  they  have  been 
in  every  other  kind  of  grinding;  the  hand  movement  of 
the  table-drive  apron  handwheel  has  always  been  neces- 
sary in  cam  grinding  to  break  up  the  grain-lines.  Cam 
and  camshaft  grinding  have  been  the  most  difficult  work 
we  have  had  to  handle.  Accuracy  is  and  always  has  been 
wanted  on  cams,  and  more  so  now  than  ever  before.  If 
we  can  break-up  the  grain-lines  and  make  the  finish  of 
the  same  quality  as  though  made  by  a  traversing  opera- 
tion, instead  of  a  straight-in  operation,  that  is  the 
purpose  of  the  oscillating  device,  the  reciprocating- 
spindle  attachment.    It  will  be  attached  for  cam  grinding 
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rj   other  kind.     It  also  will  be  used  tor 
ilder  grinding  on  semi-automatic  and  automatic  ma- 
-  table  to  dwell  a  little  longer  in 
the  cam  in  the  device  will  be  made  in  such 
■    this  dwell  period   the  same  as  though 
re  travers  I  the  reversing  mechanism 

will   let    the   wheel   dwell   there  a    moment    to   grind  out 
V. 
Id  -  the  speakers  arc  confusing 

lapp  ;>olishing.      1   have  always  considered   them 

•   rely  different  operations. 
John  A   I     Waknek:     With  reference  to  the  finishing 
-ring  grooves,  thi    -  has  made  an  in  vest  i- 

•i  of  the  processes  that  are  being  used  by  the  various 
manufacturers.     It   has  been   found   that    very    few   are 
g  a  grinding  operation.     Most  of  them  are  doing  the 
finishing  by  using  burnishing  tools,  such  as  a  burnishing 
The  results  of  the   investigations  are  to  be  pub- 
lished in  an  early  issue  of  THE  JOURNAL. 

H.  P.  Harrison: — Is  there  any  general  trend  toward 
:>grinding   crankshaft  ompared   with    rough- 

turning? 

Mr.  Knight: — The  rough-grinding  of  a  crankshaft 
pin  was  begun  about  1909.  when  the  forged  crankshafts 
were  brought-out  with  all  pins  forged  in  shape.     Then. 


the  most  successful  method  of  grinding  crankshafts 
was  to  grind  from  the  black  stock  or  forging,  in  what  we 
.ailed  a  rough-grinding  operation,  and  to  pass  to  a  second 
machine  for  the  finish-grinding  operation.  The  cost  of 
grinding  wheels  increased,  the  keeping-up  of  (.lies  was 
found  to  be  expensive  and.  to  make  it  expedient  to  grind 
crankshafts  from  the  black  stock  or  the  forging,  '  t -in. 
of  stock   must    be    maintained.      By   the   turning   method, 

when  larger  production  turning-lathes  were  developed, 
manufacturers  could  neglect  the  stock-allowance  in  the 
up-keep    of    their    dies    and,     because    of    the    expensive 

wheels,  it  became  practically  impossible  to  compete  bj 
rough-grinding  from  the  black  stock.  The  trend  will  not 
be  toward  rough-grinding  of  crankpins  from  tin'  black 
stock  until  better  results  shall  have  been  obtained  from 
our  experiments  or  more  knowledge  secured  in  regard  to 
the  automatic-wheel  in-feed  grinding  of  crankshafts  re- 
ferred to  in  the  paper.  When  that  time  comes,  perhaps 
we  can  talk  more  about  the  re-establishment  of  tin 
rough-grinding  from  the  black  stock.  The  way  to  grind 
crankshafts  is  to  rough-turn  them  first,  leaving  from 
0.030  to  0.045  in.  of  stock,  and  then  to  make  a  rough- 
grinding  operation  and  a  finish-grinding  operation, 
which  decreases  the  excessive  cost  due  to  expensive 
wheels. 


THE  HUMAN  ELEMENT  IN  PRODUCTION 


HY    \V.    E.    JAMESON 


PRODUCTION  is  largely  dependent  on  the  human  ele- 
ment, which  is  called  by  different  terms  according 
to  the  degree  of  intelligence  expected  from  persons  of 
different  ranks;  varying  from  ordinary  stupidity  among 
those  of  low  intelligence  to  the  "errors  of  judgment" 
.use  higher  up,  it  has  been  defined  as  a  "temporal.. 
lack  of  application  of  one's  attention  to  the   thing   at 
hand,"  and  its  effect  on  workmen  of  various   tempera- 
ments is  to  lower  production.     Concentration  is  shown 
to   be   the   central   truth   and    the   cause   of   one    man's 
riority  to  another.     When  supplied  with  an   incen- 
tive,  such   as   that   of   feeling  that   he   is   working  for 
himself,   a   workman   will   concentrate   his   attention  on 
vrork   with   profit   both   to  himself   and   to   his   em- 
ployer.    But  apparently  insignificant  things  preying  on 
his  mind  will  often  cause  a  lack  of  concentration.    Edu- 
cation is  an  endless  process  of  growth  and  accomplish- 
ment.   The  motive  back  of  the  desire  for  a  college  edu- 
cation is  the  gathering  of  a  fund  of  knowledge  and  ex- 
perience that  will  enable  one  to  cope  better  with   the 
lenu  of  life.     A  going  manufacturing  company  of- 
r<a!    problems    for   solution    and    obstacles    to   be 
rme      Every  job  can  be  made  a  training  school  of 
the  holder  will  make  it  io;  the  production 
■  furnishes  everything  necessary  for  growth.     In- 
vhile  autosuggestion,  on  the 
ance  in  instilling  spirit  into 
-k.      The   determination    continually    to    li 

I   to   take 
opportunities  that  are  presented  will  not 
lickly  but  will  also  inci 
* 

THE  DISt  : 

Ph  H.  W.  Aujks:- A  papei  this  is  a 

good  healthful  thing  for  u  riously.     Host 

engi:  get  their  bump-   from 

the  management.     Mo  I   factory  organizatio  their 

bumps  when  they  fail  to  provide  proper  equipment  tor 
prod  •    work.     So  far  we  have  focu    led  0U1   atten 

tion  in  .■  principally  on  designing  things  that  can 

be  produced  economically  and  on  the  tools  that  can  pro 


duce  them  economically.  We  have  spent  precious  little 
time  on  the  human  end  of  it,  and  this  is  probably  the 
biggest  end.  We  are  very  apt  to  overlook  the  big  bet 
in  this  life,  right  along.  Undoubtedly,  we  have  been 
overlooking  it  in  the  automobile  field,  the  same  as  in 
other  fields. 

Recently.  I  was  talking  to  the  general  manager  of  a 
fairly  large  steel  company  that  has  a  well-managed  plant 
about  what  effect  the  8-hr.  day  would  have  on  the  cost 
of  steel.  He  said  that  before  answering  the  question  he 
would  wait  and  see  the  result  of  certain  experiments  that 
they  had  in  progress.  The  experiments  were  in  the 
nature  of  just  the  subject  matter  of  this  paper,  the  de- 
voting of  his  time  to  the  men  and  the  conditions  under 
which  they  worked,  and  giving  the  men  a  chance  to  show 
what  men  can  really  do.  He  said  he  had  about  reached 
the  point  where  he  could  predict  that,  because  of  the 
changes  in  running  his  plant  which  he  was  putting  into 
effect,  the  cost  of  steel  per  ton  would  go  down  when  the 
8-hr.  day  was  in  full  swing,  and  would  not  go  up.  He 
might  just  as  well  have  'lone  that  before,  but  the  in- 
ive  did  not  present  itself  until  he  was  faced  with 
the  8-hr.  day  in  place  of  the  12-hr.  day.  He  is  a 
pretty  hard-headed  man,  and  I  thought  it  a  good 
illustration  of  what  can  be  'lone  when  we  use  our  bra 
I  am  inclined  to  think  that  mo:  t  of  us  who  manage  men 
do  not  make  use  of  as  much  brain-power  as  we  could. 
The  point  on  which  Mr.  Jameson  touched  particularly  is 
one  that  I  know  from  my  experience.  When  the  work 
come-  out  of  a  department  wrong,  when  any  labor  trouble 
iprings  up  or  when  th  nji  do  not  go  just  exactly  right, 
the  trouble  is  mosl  apt  to  be  with  the  foreman.    As  th< 

'     the   Army,   if   we   have   good   top-sergeants    in  the 
regiment,  we  do  not  care  what  kind  of  a  colonel  we  ha 

QUESTION:  What  method  does  Mr.  Jameson  use  to 
reward  the  men  who  have  shown  evidence  of  concentra- 
tion and  of  thinking  out  their  own   problems? 

W.  F.  Jameson:  The  man  pays  himself  his  own  re- 
ward.    This  comes   in   the  satisfaction   that  he  gets  in 
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being  loyal  to  himself;  to  that  extent  he  pays  himself 
his  own  dividend.    He  is  working  for  his  own  interest. 

President  Alden: — Can  you  sell  that  idea  to  him? 

Mr.  Jameson  :— Absolutely.  This  has  been  done  time 
and  time  again.  It  is  not  a  cure-all  to  be  handed  out  on 
a  silver  platter  for  any  and  all  classes  of  workmen.  Some 
classes  we  cannot  touch  with  it.  To  grasp  it  requires 
some  intelligence.  Some  men  have  only  the  machine 
side  to  offer  and  nothing  more;  but,  so  far  as  we  carry 
the  proposition,  we  can  sell  them  on  the  idea  that  the 
benefits  accruing  from  it  are  well  worth  the  effort  put 
forth. 

Question: — Will  you  give  one  or  more  specific  instances 
of  securing  the  interest  of  the  man? 

Mr.  Jameson  : — Those  who  have  tried  the  selling  game 
know  that  the  first  step  is  to  get  the  attention  and  then 
arouse  interest  and  the  like.  I  intimate  in  the  paper 
that  it  requires  pretty  good  salesmanship  sometimes  to 
put  this  over;  but,  in  my  experience,  I  have  found  it 
very  easy  to  get  the  attention  of  almost  any  individual 
in  a  proposition  similar  to  this,  regardless  of  his  station 
in  life.  I  have  tried  it  on  various  classes  of  men  pur- 
posely to  see  how  it  takes  rcot,  to  determine  the  kind  of 
ground  and  how  fertile  the  ground  should  be  for  the  idea 
to  take  root  and  grow.  You  would  be  surprised  to  see 
how  the  men  listen.  All  depends  on  the  caliber  of  the 
individual  as  to  the  fruit  borne. 

QUESTION: — What  are  your  recommendations  for  start- 
ing an  idea  of  this  nature  in  the  average  manufacturing 
plant? 

Mr.  Jameson  : — I  have  stated  that  this  idea  cannot 
be  applied  to  a  group  collectively,  or  in  a  wholesale 
manner.  It  is  new  and  a  little  out  of  the  ordinary; 
possibly  it  is  just  a  little  advanced  for  these  times.  But. 
in  our  respective  connections  with  the  organizations  with 
which  we  are  associated,  most  of  us  know  that  endless 
conflict  which  is  going  on  in  production  today.  There 
is  an  unrest;  there  are  always  the  two  extremes.     As 


long  as  a  workman  shows  a  spirit  of  fight,  you  will  never 
get  anywhere;  it  is  blow  for  blow.  But,  if  you  turn 
every  man's  attention  inward  on  himself  along  the  lines 
stated,  he  will  work  out  his  own  salvation.  A  man  might 
pick  half  a  dozen  men  in  his  department  who  will  listen 
and  reason  and  understand  the  principle  that  is  set  forth 
in  the  paper,  principally  on  account  of  their  selfishness. 
That  point  is  important ;  we  cannot  get  away  from  the 
fact  that  every  one  of  us  is  selfish;  it  is  the  selfish  gain 
that  every  one  of  us  is  capitalizing  in  this  business.  The 
thought:  What  do  I  get  out  of  this?  prompts  most  human 
action.  Teach  this  to  say  one  individual  in  each  depart- 
ment. The  subtle  influence  that  this  man  has  on  his 
fellow  man,  if  he  exhibits  it  in  his  work,  cannot  help  but 
multiply.  No  line  can  be  drawn  as  to  how  far  one  can 
reach  with  that  much  effort  expended.  Some  people  may 
consider  these  principles  'Sunday-school  ideas,"  as  one 
man  expressed  it.  If  they  are  Sunday-school  ideas,  it 
is  time  to  inject  a  few  of  them  into  production.  But  the 
conditions  are  not  right  for  coming  out  with  a  definite 
positive  program  and  sweeping  it  in.  That  cannot  be 
done;  there  is  too  much  indefiniteness  in  the  human 
being,  and  in  his  response  to  any  action  you  take  toward 
him.  Therefore,  the  only  way  to  bring  such  things  about 
is  by  the  gradual  process  of  leavening  one  measure  of 
meal  and  letting  it  leaven  the  whole  loaf. 

President  Alden  : — A  subject  such  as  that  which  Mr. 
Jameson  has  presented  is  so  intangible  and  so  non-re- 
sponsive to  the  slide-rule  that  it  is  a  very  difficult  idea 
to  get  across  successfully.  Without  doubt,  if  we  knew 
how  to  do  all  these  things  we  could  speed-up  production, 
lower  costs,  get  the  standard  of  living  where  it  belongs 
and  have  things  as  they  ought  to  be.  I  think  this  is 
about  the  only  way  it  will  be  done.  If  we  could  get  the 
laborer  to  use  his  brains,  we  might  get  out  of  the  diffi- 
culties we  are  in;  but  you  never  can  get  that  unless  the 
man  over  him  uses  his  brains.  That  is  true  all  along 
the  line. 


THE  APPLICATION  OF  CONVEYOR  EQUIPMENT  TO 
A  SMALL  PRODUCTION  PLANT 


BY  H.  P.  HARRISON 


TO  install  conveyors  in  a  going  automobile  manufac- 
turing plant  of  moderate  size,  without  interrupt- 
ing production,  and  with  a  minimum  amount  of  re- 
arrangement of  the  plant  and  an  investment  commen- 
surate with  the  saving  to  be  effected,  was  the  problem. 
the  solution  of  wnich  is  herein  described.  The  condi- 
tions that  determined  whether  power-driven  or  gravity- 
actuated  conveyors  should  be  used  are  discussed  and 
the  various  types  l-equired  for  handling  raw  stock,  for 
machining  operations,  for  sub-assemblies  and  for  fin- 
ished assemblies  are  indicated.  Among  the  operation? 
for  which  conveyors  were  found  particularly  advan- 
tageous are  those  of  handling  cylinder  castings  from 
the  storage  of  raw  stock  to  the  stockroom  for  finished 
parts;  carrying  cylinders  between  various  machining 
operations  and  from  the  inspection  bench  to  the  store- 
room for  finished  cylinders;  machining  transmission 
cases;  carrying  rear-axle  gearcases  through  machining 
operations  and  delivering  them  to  the  starting  end  of 
the  axle-assembling  line;  handling  parts  between  de- 
partments and  machines;  assembling  transmissions, 
engines,  and  front  and  rear  axles;  carrying  axles  to 
the  washing  and  paint-spraying  machines,  thence  to 
the  chassis  assembling  line;  handling  the  trimming  of 
open  bodies;  the  final  conveying  of  chassis  and  fin- 
ished cars;  and  handling  the  finished  cars  through  the 


final-inspection  and  touch-up  operations.  The  conclu- 
sion reached  is  that  the  use  of  conveyors  not  only 
pays,  but  pays  well. 

THE  DISCUSSION 

Question: — How  are  the  cylinder  carriers  returned? 

H.  P.  Harrison: — On  the  downward  traveling  side  of 
the  elevator  chain.  They  are  fed  in  at  a  point  just  below 
the  delivery  section,  delivered  at  the  basement  level 
automatically  and  dropped  into  a  pile  at  that  point. 

Question  :— Could  the  engine  have  been  brought  to 
the  chassis  at  ceiling  level,  thus  saving  floor  space? 

Mr.  Harrison  : — Probably  it  could  have  been.  The  con- 
veyor used  for  this  purpose  is  a  parallel  installation  of 
the  final-car  conveyor  adapted  to  handling  engines,  which 
was  installed  originally  for  additional  production  of 
assembled  cars.  It  is  simply  a  duplicate  of  the  belt 
conveyor  on  which  the  car  is  built  and,  not  being  re- 
quired for  that  purpose,  was  equipped  to  handle  engines. 

Question: — What  will  the  40-per  cent  saving  in  the 
cost  of  handling,  which  results  from  the  conveyor  sys- 
tem, mean  in  percentage  of  saving  in  the  cost  of  the  car? 

Mr.  Harrison: — The  40-per  cent  saving  refers  to  the 
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final-assembh  and  would  probably  amount 

to  a  -■  in  the  la  si  of  the  oar. 

Are    aJ  moving   continuously 

performed? 

Mr.    Harrison: — Yes:    they    are   driven    by    variable- 
that  can  be  set   for  any  desired  amount  of 
prxxi  predetermined  rate  throughout 

lay. 

Ouesti  you   contemplate   applying   conveyors 

ing  small  finished  pieces  from  machini 
Mr.   Harrison  :— We  have  not   devoted  much  thought 
One   installation   of   this   type   that    was   tried 
:!ure  because  of  our  inability  to  keep  men  at  the 
•   of  the  conveyor  to  load   the  work   and   take   it   off 
e  conveyor  attachments  passed.     The  time  spent  by 
.:>  remaining  at  those  points  continuously  would  In- 
far   greater  than    that    required   to   truck    the   parts    in 
the  finished-stock  room. 
(J!  -Why  were  there  so  many  conveyor  failures 

in  the  older  installations? 

Mr.  Harrison: — It  seemed  possible  to  move  cylinder 
n  operator  and  take  them  away  at  a  certain 
speed.     The  fact   that   we   would   not  do  that    developed 
immediately ;    the   control    of   machine   breakdowns    and 
matters  of  that  nature  defeated  the  idea  of  taking  the 
ry  from  the  man  as  fast  as  we  desired.     We  find 
that  the  gravity   installation  does  all  that  we  wish  the 
eyor  to  do  and,  at  the  same  time,  it  provides  some 
allowance  for  such  things  as  breakdowns  and  other  pro- 
duction dela 


Question:      How  are  the  cylinders  cleaned? 
Mr.  Harrison:     They  are  Band-blasted,  inside  and  out, 
at  the  foundry.    When  received  tin-  cylinders  are  cleaned 

at  the  end  of  the  machining  line  in  a  kettle  provided  with 
a  steam  coil  for  heating  and  with  steam  jets  for  atomiz- 
ing and  spraying  steam  and  hot  water  into  the  valve 
ports  and  the  cylinders.  This  operation  supplies  enough 
heat  to  the  cylinder  casting  to  dry  it,  after  which  it  re- 
ceives a  coat  of  paint. 

QUESTION*— Is  there  an  auxiliary  method  of  moving 
parts  in  the  event  of  a  conveyor  unit  breaking-down V 

Mr.  Harrison: — None,  except  resorting  to  the  old 
method  of  using  hand-trucks.  This,  of  course,  requires 
emergency  men  and  methods,  but  wo  have  had  no  break 
downs  of  conveyors  that  delayed  us  more  than  1  or  2  hr. 
We  operate  only  8.7  hr.  per  day  and.  ordinarily,  are  able 
to  remedy  any  breakdowns  in  the  interval  between  one 
day  and  the  next.  Very  little  hand-moving  has  been 
required  in  the  year  that  we  have  had  the  installations 
in  operation. 

Question: — Do  you  weld  or  plug  blow-holes  in  the 
cylinder  walls? 

Mr.  Harrison: — When  the  hole  does  not  go  entirely 
through  the  cylinder  wall  we  use  the  common  method  of 
welding  with  nickel  wire  and  peening  the  resulting  weld 
into  a  smooth  surface  before  finish-grinding.  We  have 
used  this  method  with  good  results  for  about  5  years. 
When  the  water-pressure  test  shows  that  such  a  defect 
parses  entirely  through  a  casting,  the  casting  is  discarded 
immediately. 


WAGE-INCENTIVE  SYSTEMS 


BY    EUCENE    Bol'TON 


>TlWEROUS  wage-incentive  plans  are  now  In  opera- 
I  tion  in  the  various  automotive  and  other  industrial 
plants;  but  the  proper  system  to  install  in  a  given 
plant,  whereby  unit  costs  will  be  maintained  level  and 
at  the  same  time  proper  cooperation  from  employes 
will  be  obtained,  has  always  been  open  to  discussion. 

One  plan  now  in  use  by  the  company  represented  by 
the  author  is  straight  individual  piece-work  on  small- 
parts  operation  where  one,  two  or  even  three  opera- 
tions complete  the  particular  part,  and  where  only 
one  or  two  operators  are  engaged  in  machining  or 
assembling  the  particular  unit;  whereas,  on  the  major 
machining  and  assembly  units  such  as  cylinder-block 
machining  and  engine  or  complete-car-assembly  units 
srroup  piece-work  is  employed  throughout  the  entire 
plant. 

By  the  installation  of  individual  and  of  group  piece- 
-.,  unit  costs  are  maintained  level  at  all  times;  in 
addition,    the    workmen    employed    are    able    to    deter- 
mine very  easily  by  their  own  calculations  what  they 
have  earned  either  daily  or  at  any  hour  of  the  day. 
This  is   in  direct  contrast  to  other  and   more  compli- 
!   systems   wherein   unit  costs   are   not   maintained 
t  given   periods  and  workmen  in   many  cases 
rk  for  a  complete  pay-period  without 
ascertain  their  earnings  over  and  above 
■  guaranteed  day-r 

r  feature  of  the  group  and  the  individual 
piece-work   plan   is   the   small  clerical    force   necessary 
'  mctfoning  of  the  system.     The  company  and 
its  emp>  that   the    wage-incentive   plans   now 

in   operation   have   met   all   of  the   principal  object 
generally   experienced    with    other   wage-incentive    sys- 
tems. 

THK  DISCUSSION 

El  Supplementing   my   paper,    Kig.    1 

-hows  the  day-work  authorization-card.     Whenever  there 


is  a  breakdown  in  equipment,  lack  of  materials  or  the 
like,  and  it  is  necessary  to  make  an  allowance  to  the 
group  for  delays,  this  form  must  be  filled  out  by  the 
department  foreman  and  approved  by  the  production 
manager  and  the  time-study  department  before  the 
amount  due  can  be  paid.  We  have  found  that  this 
method  controls  the  amount  of  day-work  allowances,  so 
that  no  day-work  will  be  paid  for  unless  the  group  is 
entitled  to  it. 

President  H.  W.  Alden:— What  effect  has  a  group 
plan   had  on   labor  turnover? 

Mr  Bouton: — It  has  reduced  the  labor  turnover  in 
our  plant. 

President    Alden: — Has    the    labor    turnover    l 
eliminated? 

Mr.  Bouton: — Not  entirely.  A  certain  percentage  ol 
labor  turnover  is  a  good  thing  for  any  plant.  In  in- 
dividual piece-work,  or  in  individual  effort  applied  to 
jobs  where  a  group  would  do  much  better,  we  find  a 
closer  cooperation  among  the  employes.  The  men  try  to 
help  one  another.     The  attendance  is  much  better. 

Question:      Under  your  plan,  an  increase  in  a  man- 
rate   is   paid  out  of  subtract  ions   from    his   fellow-work- 
compensation.     How  do  they  accept  that? 

Mr.  Bouton: — If  certain  members  in  a  group  apply 
themselves  and  are  on  operations  that  require  excep 
tional  skill,  they  should  receive  a  greater  reward  than 
the  new  men  entering  the  group,  or  unskilled  men.  They 
merely  receive  a  higher  pro-rated  share  of  the  earnings 
of  the  group.  It  is  up  to  each  man  to  improve  himself 
as  much  as  possible.  However,  a  limit  exists  as  to  how 
far  a  man  can  go.  The  management  has  specified  the 
high  limit;  when  a  man  reaches  it,  he  can  go  no  farther 
0  far  as  getting  a  higher  rate  is  concerned. 
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Often,  when  one  man  is  shiftless  and  does  not  want  to 
work,  the  men  run  him  out.  However,  no  matter  what 
his  personality  may  be,  if  he  is  a  good  worker  in  the 
group,  seldom,  if  ever,  is  a  man  run  out  of  the  group. 

Question: — How  are  the  men  in  each  group  informed 
of  their  earnings  each  day? 

Mr.  Bouton: — The  foreman  gets  a  copy  of  the  group 
piece-work  report  and,  if  the  men  care  to  know  what 
their  earnings  are  for  the  preceding  day,  he  can  tell 
them.  After  the  group  has  been  in  operation  for  some 
time  and  it  produces  say  50  to  60  units  per  day,  the 
men  can  gage  what  their  earnings  are  very  readily. 

Question  : — If  an  inexperienced  employe  is  behind 
in  his  work,  how  long  do  you  carry  him  at  the  day  rate? 

Mr.  Bouton: — Generally,  2  days  are  allowed  for  a 
new  employe  to  become  accustomed  to  the  operation 
to  which  he  is  assigned.  It  is  to  the  interest  of  the 
remainder  of  the  group  to  assist  that  employe  to  learn 
his  operation  as  quickly  as  possible.  If  he  cannot  come 
up  to  the  speed  that  is  required,  he  must  be  taken  out 
of  the  group. 

Question: — In  a  group  of  five  men,  how  are  you  sure 
that  the  best  man  gets  the  most  pay. 

Mr.  Bouton: — A  time-study  man  assists  the  foreman 
in  determining  which  men  are  the  most  skilled  or  what 
the  heavy  operations  are.  In  rating  the  men  consider- 
able good  judgment  must  be  used. 

Question  : — If  an  operator  is  transferred  to  a  lower 
piece-price  job,  how  do  you  adjust  his  pay,  provided 
he  is  efficient  on  the  transferred  job? 

Mr.  Bouton  : — The  lower  piece-price  work  on  another 
job  would  require  less  men  in  the  group.  The  man's 
earnings  would  not   be  affected. 

Question  : — What  do  you  consider  a  fair  percentage 
to  add  for  fatigue  and  contingency  to  the  actual  time- 
study  schedule? 

Mr.  Bouton: — That  depends  upon  the  nature  of  the 
job.  Some  jobs  are  fast  and  require  great  accuracy. 
Some  companies  allow  10  and  some  20  per  cent.  The 
machine-tool  builders  generally  make  estimates  on  a  20- 
per  cent  basis.     The  percentage  depends  on  the  job. 

Question: — What  is  done  if  a  piece-price  is  set  too 
hi,:h  ? 

Mr.  Bouton  : — We  do  not  cut  prices  because  the  earn- 
ings of  the  men  are  too  high.  The  only  way  a  price 
caii  be  cut  is  through  a  change  in  the  set-up  where 
tooling  is  involved,  or  a  change  from  one  machine  to 
a  different  type  of  machine.  If  the  workman  makes 
considerably  more  than  was  generally  allowed,  we  must 
put  up  with  it. 

Question: — What  do  you  consider  fair  pay  per  day 
on  a  piece-work  basis? 

Mr.  Bouton: — The  standard  of  wages  is  fixed  by  the 
management  and  the  base  rates  from  which  the  prices 
are  set  are  determined  in  that  way.  Each  city  has  its 
standard  of  wages  and  each  workman  should  earn  the 
standard  wage  paid  in  whatever  locality  he  is  employed. 

Question: — What  is  the  average  scrap-allowance? 

MR.  Bouton: — On  some  jobs  it  is  possible  to  continue 
for  some  length  of  time  without  getting  any  scrap: 
other  jobs  are  so  precise  or  complex  that  perhaps  2 
per  cent  would  be  a  fair  allowance  for  scrap. 

Question: — Do  you  charge  the  group  for  only  the 
labor  on  a  spoiled  article  or  for  the  material  also? 

Mr.  Bouton: — When  a  deduction  is  made  from  the 
group  for  the  scrap,  only  the  labor  and  time  expended  on 
the  job  are  deducted. 

Question: — Does  this  svstem  guarantee  a  minimum 
pay? 


Mr.  Bouton: — It  guarantees  the  minimum  hourly 
day-rate.  However,  if  the  operator  can  make  only  his 
minimum  hourly-rate,  we  cannot  afford  to  tie-up  a  ma- 
chine with  him  and  keep  him  indefinitely.  He  must 
make  the  base  rate  or  the  number  of  pieces  specified  on 
the  route  sheet  to  be  satisfactory  on  the  job.  One  rea- 
son the  hourly  production  is  shown  on  the  route  sheet 
is  that  the  operator  is  expected  to  produce  that  many 
pieces. 

Question  : — How  long  have  you  had  this  system  in 
operation  ? 

Mr.   Bouton: — Approximately   6  months. 

Question  : — When  working  on  straight  piece-work, 
should  the  rate  be  cut  when  a  man's  earnings,  due  to 
increased  output,  achieve  the  hourly  rate  of  other  men 
of  the  same  grade? 

Mr.  Bouton: — No,  it  should  not;  if  the  operator  be- 


Dept 
Name  of 
Part 


DAY  WORK  AUTHORIZATION 

Date 

I  Part  No.  [Group  No. 


Description  of  Work 


Reason  for  Day  Work 
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P"IG.  1 — The  I'av-Work  Authorization-Card  That  Must  Be  Filled 
'  'i  I    by    the    Department    Foremen    Whenever    Breakdowns    in 
Equipment,    Lack   of    Material   or   a  Similar  Occurrence   Neces- 
sitates   Making    an    Allowance    w    a    Group   for   Delays 

comes  skilled  and  fast  enough  to  make  that  amount  of 
money,  he  is  entitled  to  it. 

Question: — Has  the  plan  increased  the  inspection 
expense?    If  so,  how  was  this  taken  care  of? 

Mr.  Bouton: — The  inspection  part  of  the  work  has 
been  decreased  to  some  extent  because  we  pay  on  the 
basis  of  accepted  finished  units.  If  any  deductions  are 
made,  the  men  know  that  these  come  out  of  the  entire 
group ;  therefore,  if  an  operator  tends  to  produce  too 
much  scrap,  the  other  members  in  the  group  show  him 
where  he  is  making  his  errors  or  assist  him  to  pro- 
duce good  work.  I  believe  that  in  any  group  system, 
whether  it  is  group-bonus  or  group  piece-work,  the 
amount  of  inspection  is  reduced. 

Question  : — What  average  percentage  of  scrap  is 
allowed? 

Mr.  Bouton  : — Approximately  1  per  cent  average  on 
machining  operations. 

Question  : — What  percentage  of  your  direct  labor  is 
piece-work? 

Mr.  Bouton: — Perhaps  90  per  cent. 

Question  : — What  percentage  above  the  day-rate  does 
the  average  operator  make  on  piece-work? 

Mr.  Bouton: — Painters  and  trimmers  make  consider- 
ably more  than  the  day-rate.  In  the  assembly  depart- 
ment, it  runs  anywhere  from  15  to  25  per  cent  over  the 
day-rate.  If  50  men  are  engaged  in  a  group  and  one 
man  is  raised  50  cents  per  day,  that  reduces  the  earn- 
ings of  the  other  members  of  the  group  approximately 
1  cent  per  day.  The  revision  of  rates  of  one  or  two 
members  from  time  to  time  does  not  change  much  the 
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•her  members  of  the  group.    However, 

istified    for    the    reason    that     the 

rming  operations  that 

require  skill  •  piling.    Revision  of  rates  after  the 

m   ocean    because,   when    the   price    is 

.Jl  hourly   day-r.  adjusted   likewise   to   suit 

in  of  the  various  operations. 

Do  you  have  to  sell  that  idea  to  the  group 

Mr.    BoiTON : — No;    we    haw    never   experienced    any 
trouble   along   that    line   in   adjusting    rates    within   the 
ip. 

What    procedure    do    you    follow    in    the 
ip  plan  where,  for  instance,  there  are  four  men.  and 
the  man  i*-rforming  the  last  operation  does  poor  work 
that  neo  pping  of  the  entire  unit?     Do 

Fran  the  pay  of  whole  group? 
Mr.  Boiton: — Absolutely;  inasmuch  as  the  earnings 
e  group  constitute  collective  effort,  what  one  man 
scraps  must  be  handled  from  the  proup  standpoint. 
'.'     .      deductions  are  made  for  tardin- 
Mr.  Boiton  : — If  a  man  comes  in  1  hr.  late,  he  loses 
1  hr.  of  his  pro-rated  earnings,  but  that  is  given  to  the 
other  members    in   the   group.     The   company    does   not 
receive  any  direct   benefit   from   it,   but   some  means  of 
penalizing    the    man    for    non-attendance    must    be    pro- 
vided. 

Are    speed  experts    placed    in    the    group 
to  increase  production? 

Mr.  Bouton: — The  regular  operators  assigned  to  a 
group  are  generally  used.  We  do  not  resort  to  utility 
men  or  speed  exp<  I  prices  or  to  speed-up  a  group, 

unless  the  time-study  observer  recommends  that  other 
men  be  assigned  to  the  group  to  obtain  better  pro- 
duction. 

-Do   you   find   cases    of  earnings    running 
higher  than  was  expected? 

Mr.  Boiton: — Sometimes,  due  to  the  group  application 
fort  and  cutting  a  few  corners  here  and  there,  earn- 
have  run  slightly   higher  than  the  amount  antici- 
pated.    That   is   common  to  all   wage-incentive  systems. 
'•'ted  that  the  group  will  produce  as  much  wort 
• .  and  some  very  clever  time-saving  methods  are 
applied. 

BSTION: — Do  you  use  the  group  system  on   inspec- 
tion work? 

Mr.  Boiton: — In  general,  inspection  is  day-work. 
There   is  practically  no  piece-work  on  inspection  opera- 

What  provision   is  made  for  an  absentee 
•  .  a  group? 

Mr    BOUTON:     None.     If  there  are  10  men  assigned 

regularly  to  the  group  and  only  9  show  up,  they  continue 

•he   unit  and  their  earnings   are  pro-rated 

among  the  9   men.      I  operators   are  absent,    it 

lid  be  necessary  to  add  other  men  to  the  group. 

the  group  plan  affect  promotion? 
Mr.  BOUTON :— Promotion  is  handled  in  the  same  man- 
otbei       -tern. 

i-  the  too!  department  paid? 
Mr.  BOt  ton:     On  the  day-work  basis. 
Ql  the  men  have  any  voice  in  the  select 

ing  or  hiring  of  the  men   to  work   in  their   respective 

Mr.  BOUTON: — If  a  man  should  be  assigned  to  a  group 

and,  for  some  particular  reason,  the  group  objected   to 

his  being  placed  in  that  group,  the  men  would  take  the 

matter  up  with  the  department    foreman.     If  they  had 

»nable    objections,    the    man    would    be   assigned    to 


other  work  and  some  other  man  would  be  substituted. 

Question:-  What  constitutes  a  unit? 

Mk.  BOUTON:  Any  part  thai  can  be  machined  by  con- 
secutive operations,  or  any  number  of  small  parts  thai 
can  be  assembled  into  one  major  part,  is  called  a  unit  ; 
for  example,  all  machining  operations  on  a  front  axle, 
the  assembly  of  a  complete  engine,  all  the  machining  op- 
erations oil  a  crankcase.  or  the  assembly  of  a  complete 
transmission. 

QUESTION: — Do  you  find  that  the  individual  effort  is 
destroyed  in  a  group  of  90  men? 

MR.  BOUTON:— The  individual  effort  is  practically  the 
same  in  a  large  group  as  it  is  on  straight  piece-work. 
The  men  are  all  anxious  to  help  one  another.  Whenever 
congestion  occurs  in  one  part  of  a  group,  the  other  men 
assist  without  any  orders  from  the  foreman. 

Question: — Are  the  guaranteed  hourly-rales  equal  to 
or  lower  than  the  going  rates  for  straight  day-work? 

Mk.  Bouton: — They  are  lower  than  for  straight  day 
work.     If  we  have  a  day-work  operation,  the  day-rate  for 
the  operator  is  naturally  a  little  higher  than  it  would  be 
for  an  operator  whose  operation  is  piece-work. 

Question: — What  operations  can  be  grouped  best? 

Mr.  Bouton: — That  must  be  determined  largely  by 
the  individual  plant.  Assembly  work  lends  itself  very 
readily  to  group  piece-work;  also  many  machine  opera 
tions.  For  some  small  parts  requiring  only  one  or  two 
operations,  we  have  found  straight  piece-work  better  than 
group  work.  Some  plants  place  in  a  group  8  or  10  ma- 
chines that  are  working  on  entirely  different  parts.  We 
have  never  done  that ;  only  the  job  itself  carries  the 
piece-work  price. 

QUESTION: — Is  not  a  community  of  interest  established 
by  the  group  that  has  a  tendency  to  unionize  a  shop? 

Mb.  Bouton: — That  question  has  been  brought  up 
many  times.  We  have  not  had  a  single  argument  with 
any  group  that  has  not  been  adjusted  satisfactorily.  The 
groups  have  never  made  any  unreasonable  demands  upon 
the  company  since  the  plan  has  been  in  operation.  We 
believe  that  our  freedom  from  the  difficulties  indicated  is 
due  largely  to  the  piece-work  feature  of  the  plan. 

Question: — Does  your  group  system  at  any  time  take 
care  of  a  labor  shortage?     How  do  the  men  react  then? 

Mr.  Bouton: — The  group  workers'  interest  in  their 
work  has  been  the  means  of  getting  good  labor  into  th( 
group.  Each  individual  group-worker  may  know  of  some 
man  he  would  like  to  have  in  his  group.  Men  have  even 
gone  to  the  employment  department  and  asked  permis- 
to  bring  in  such  a  man,  knowing  that  we  were  short 
of  labor  on  some  operations.  The  system  has  been  much 
better  for  the  company  than  the  straight  piece-work  sys- 
tem  was. 

QUESTION: — It  is  very  seldom  that  we  can  expect  100- 
per  cent  quality.  Do  you  provide  a  motive  for  producing 
quality? 

Mr.  Bouton:— No  reward  is  given  for  quality  other 
than  the  rate,  with  the  penalty  for  scrap  provided  for. 

QUESTION: — How  do  you  prevent  a  foreman  from  show- 
ing favoritism  to  some  friend  or  individual  in  a  group? 

Mr.  Bouton: — We  have  not  experienced  much  difficulty 
along  that  line.  The  matter  is  watched  carefully.  All 
rate-increases  that  go  into  effect  pass  through  the  hands 
<p|  the  production  manager  and  others.  If  any  evidence 
of  favoritism  were  shown,  either  in  the  assignment  of 
men  to  operations  or  about  the  rates,  it  would  be  ob- 
served very  quickly  by  other  members  of  the  group  and 
called  to  the  attention  of  the  production  manager  and  the 
time-study  department. 

QUESTION: — How   do   you    determine    who    is   at    fault 
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when  deduction  for  scrap  has  to  be  made  from  the  earn- 
ings of  the  group? 

Mr.  Bouton:- — When  the  piece  is  inspected  and  the 
cause  of  the  scrap  is  determined,  we  can  trace  it  back  di- 
rectly to  the  man  who  performed  the  operation.  The 
group  then  knows  who  is  responsible.  The  men  take  the 
subject  up  with  this  member  of  the  group  and  help  him 
to  improve  his  work  or  have  another  man  put  in  his 
place. 

President  Alden: — Have  you  found  this  group  plan 
effective  in  weeding  out  undesirables? 

Mr.  Bouton: — It  has  been  very  effective.  Men  who 
did  not  show  very  much  activity  or  were  careless  and  in- 
different on  the  jobs  were  eliminated  by  the  group  itself. 

President  Alden  : — That  has  been  the  experience  of  a 
corporation  of  which  I  know,  wherever  the  management 
Installed  the  group  plan. 

J.  C.  W.  Smith:— The  Willys-Overland  Co.  has  used 
straight  piece-work  for  about  3  years.  The  prices  are  set 
from  time  studies.  We  follow  out  the  principles  Mr. 
Bouton  has  outlined  except  that,  where  it  is  necessary  to 
work  the  men  in  a  group,  we  divide  the  money  between 
the  men  in  the  group  according  to  the  hours  they  work. 
The  group  operations  are  divided  so  that  the  skilled  man 
earns  his  money  by  his  skill  and  the  less  skilled  operators 
earn  their  money  by  the  exertions  they  put  forth.  In- 
dividual piece-prices  are  paid  wherever  practicable;  group 
piece-prices  are  paid  when  necessary.  We  have  straight 
piecework  in  place  of  standard  time,  because  we  believe 
piece-work  is  direct,  simple  and  easily  understood.  The 
men  know  that  they  will  receive  so  much  money  for  doing 
the  operation  each  time  it  is  performed.  The  defect  in 
standard  time,  as  we  see  it,  is  that,  for  the  man  to  know- 
how  much  money  he  will  receive  on  pay-day.  he  must 
divide  his  actual  time  into  the  allowed  time,  w^hich  gives 
him  his  percentage  of  efficiency.  By  referring  to  the 
bonus  table,  he  finds  out  what  percentage  of  bonus  he  is 
paid  for  his  efficiency  and,  by  multiplying  his  day's  wages 
by  the  percentage  indicated  in  the  bonus  table,  he  arrives 
at  the  amount  of  money  he  will  receive  in  addition  to  his 
day-work  earnings.  If  two  men  working  at  a  different 
day-rate  on  identical  operations  finish  the  same  number 
of  pieces  in  the  same  time,  they  will  receive  a  different 
amount  under  standard  time.  Our  company  guarantees 
its  approved  piece-prices  for  the  calendar  year.  We  be- 
lieve that  25  per  cent  of  the  increase  in  the  efficiency  in 
our  plant  in  the  last  2  years  was  due  to  the  fact  that  the 
men  knew  and  understood  the  guaranteed  piece-price  and 


realized  that  they  would  not  be  penalized  for  the  efficiency 
they  developed.  Guaranteed  prices  are  designated  by 
letter  prefixes  on  the  piece-price  schedule.  For  example, 
in  X189,  the  X  indicates  that  if  a  change  in  the  operation 
is  made,  the  change  in  the  price  will  be  in  exact  propor- 
tion to  the  time  that  it  takes  longer  or  less  to  do  the  op- 
eration, for  the  year  1923. 

Mr.  Bouton: — Mr.  Smith's  principal  objection  to  the 
standard-time  system  is  typical  of  many  other  systems. 
For  example,  if  two  operators  were  engaged  on  the  same 
job  and  their  hourly-rates  were  60  and  65  cents  respec- 
tively, and  both  operators  finished  the  same  number  of 
pieces  per  day,  the  65-cent  operator's  earnings  would  be 
more  than  those  of  the  opei-ator  with  the  60-cent  rate; 
therefore,  it  is  not  equal  reward  for  equal  effort  and,  in 
addition,  the  cost  department  has  a  variation  in  cost  and 
it  is  this  cost  that  must  be  accumulated  over  a  period  of 
time  to  arrive  at  an  average  cost.  Where  several  opera- 
tions are  necessary  to  complete  one  unit,  it  is  not  always 
possible  to  balance  the  operations  so  that  each  can  be 
performed  in  the  same  length  of  time.  Assuming  that 
the  first  operation  required  10  min.,  the  second  8  min. 
and  the  third  6  min.,  it  can  be  seen  readily  that  the  pro- 
duction of  the  6-min.  operation  would  be  no  more  than 
that  of  the  10-min.  operation;  therefore,  the  6-min.  op- 
eration operator  assists  the  operator  on  the  first  operation 
so  as  to  maintain  a  balance  of  finished  pieces,  and  this 
is  where  the  efforts  of  group  work  a*re  applied  which 
would  be  impossible  with  individual  effort  or  straight 
piece-work.  Progressive  assembly  or  progressive  ma- 
chining operations  are  performed  more  economically  with 
the  application  of  group  piece-work.  If  all  operations 
were  in  perfect  balance,  it  would  be  possible  to  use 
straight  piece-work.  However,  there  is  seldom  if  ever  a 
job  of  five  or  more  operations  wherein  all  operations  bal- 
ance; and  it  is  not  feasible,  owing  to  the  production  of 
each  operation,  to  maintain  an  operator  for  each.  The 
group  plan  fixes  the  number  of  men  to  be  assigned  ac- 
cording to  the  schedule  of  finished  units.  As  explained 
previously,  all  of  the  group  operations  are  combined  into 
one,  a  price  is  set  thereon  and  all  members  of  the  group 
participate  in  the  group  earnings  according  to  their 
hourly-rates  and  the  number  of  hours  worked. 

Question: — In  leather  cutting,  do  you  pay  an  incen- 
tive wage  for  saving  leather? 

Mr.  Bolton  : — Yes.  The  amount  of  leather  saved  or 
the  number  of  square  feet  cut  out  of  the  hide  determines 
the  operator's  earnings. 


THE  STANDARDIZATION  OF  METHODS  OF 
APPLYING  THE  SCLEROSCOPE 


BY   A.  F.    SHORE 


A  STATEMENT  is  made  of  nine  items  suggested  by 
the  Iron  and  Steel  Division  of  the  Society  for  con- 
sideration with  reference  to  securing  greater  uniform- 
ity in  practice  when  making  precision  hardness-tests 
with  the  scleroscope.  Plumbness  of  the  instrument  is 
an  important  factor  and  lateral  vibrations  have  a  bad 
effect;  these  are  discussed  and  surface  smoothness  of 
the  test-specimen  is  considered  in  relation  to  its  effect 
on  accuracy. 

Other  factors  treated  are  the  influence  of  metal- 
scale  on  scleroscope  readings,  the  condition  of  the 
hammer  diamond,  and  the  effect  of  the  mass  of  the 
test-specimen.  Extreme  under-weight  specimens,  inert 
and  over-weight  masses,  the  effect  of  hardness  on  mass 


and  the  effect  of  thickness  of  the  test-specimen  receive 
consideration,  together  with  points  concerning  testing 
near  test-specimen  edges,  the  effect  of  curved  surfaces 
and  how  test-specimens  are  held.  A  lengthy  compar- 
ison between  Brinell  and  scleroscope  hardness-testing 
is  made.  The  paper  presents  photographs  and  illus- 
trative charts. 

THE  DISCUSSION 

Question  : — Why  do  you  use  a  plumb-rod  instead  of  a 
spirit-level?  Would  not  the  spirit-level  arrangement  be 
more  reliable  in  the  hands  of  the  average  operator? 

A.  F.  Shore: — We  think  the  plumb-rod  is  better  for 
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all-i                              -  when  you  are  not  looking, 

-ttle.    Thai  is  ..  warning  that  the  spirit- 
. 

(Jl                      I-    :t   not   the  universal   practice   to   polish 

•   thej  are  BcJeroocopedT 
Ml  —Nothing  is  gained  by  polishing  the  test- 

th  very  fine  emery-paper  or  by  buffing.     An 
'■«• '  ••  file  ol   medium  grade  is  good 

:i  purposi 

tir-operating   devices    for    the 
I  revent   the  cramping  of  the  operator's 
hand,  because  of  the  large  number  of  times  he  must  open 
and 

Mr.  Shore: — Such  devices  are  in  use,  but  we  have  not 
undertaken  to  manufacture  them  thus  far  as  very  little 
.nd  is  made  for  them, 
iji  1-  .:  •  •   essary  to  clamp  parts,  such  as  the 

pin.  in  the  \ 
Mr.  Shore: — No,  if  a  slight  allowance  can  t>e  made  for 

due  to  imperfect  under-support  and  for  hollow  i 
Question: — What  is  the  best  method  of  testing  flat 
wire  of  0.002  to  0.020-in.  thickness 

Mr.  Shore: — Clamp  it  flat  on  the  scleroscope  anvil 
with  possibly  a  grooved  guide,  but  it  may  be  flat  at  the 
bottom. 

QUESTION:  —  Does  a  change  in  the  quality  of  the  at- 
-:>here  cause  any  difference  in  scleroscope  readings? 
Mr.  Shore: — We  doubt  if  it  does,  unless  actual  mois- 


ture in  the  form  of  dew  accumulates  in  the  glass  tube. 

Question:-   What  factor  can  be  divided  into  the  BrineU 

hardness  reading  to  obtain  the  relative  scleroscope  read- 
ing? 

Mr.  Shoes:— That  is  stated  on  a  chart  that  we  supply. 
single  factor  can  be  used  except  at  a  particular  range 
of  the  hardness  scale. 

Question:  Do  weather  conditions  affect  the  calibra- 
tion Of  the  Model-C  scleroscope'.' 

Mr.  Shoes: — It  requires  actual  free-moisture,  such  as 
the  formation  of  dew  particles,  in  the  glass  tube. 

QUESTION: — How  can  the  hardness  of  two  cylinder- 
blocks  be  determined  when  the  scleroscope  and  the  Rrinell 
readings  are  approximately  the  same,  yet  one  can  be 
machined  easily  and  the  other  is  too  hard  to  machine'.' 

Mr.  Shore: — If  there  is  a  difference  in  the  resistance 
to  machining,  except  possibly  for  a  thin  film  of  glass- 
hard  scale,  both  methods  will  indicate  such  a  condition  in 
terms  of  hardness. 

QUESTION: — In  testing  carbon  blocks,  of  hardness 
ranging  from  60  to  85,  a  difference  of  10  to  15  per  cent 
occurs  between  different  instruments  under  identical 
conditions,  although  the  same  instruments  give  identical 
readings  on  steel  test-blocks.     Is  there  any  explanation? 

Mr.  Shore: — For  testing  carbon,  the  penetration  is 
often  so  deep  that  the  diamond  has  to  be  fashioned  es- 
pecially for  that  purpose,  with  the  sides  of  the  cone 
frustrum  also  standard 


FACTORS  GOVERNING  k  OIT  OF-ROUNDNESS" 

MEASIREMENT 


I'.Y    A.    H.    FRAUENTHAI. 


IT  is  stated  that  an  out-of-round  surface  having  an 
even  number  of  high-spots  requires  a  checking  in- 
strument that  has  opposed  measuring  points;  and  that, 
:f  the  number  of  high-spots  on  the  surface  is  uneven, 
an  instrument  having  three-point  contact,  and  one  of  the 
points  of  contact  located  on  the  center  line  between 
the  other  two,  is  necessary.  Concerning  the  use  of  the 
three-point  method,  for  close  work,  the  angle  between 
the  three  points  of  contact  must  be  selected  according 
to  the  number  of  high-spots. 

:sions  of  the  subject  include  types  of  out-of- 
roundness  and  those  peculiar  to  certain  machines,  the 
three-point  measuring  system,  errors  of  the  V-block 
method,  use  of  the  V-block  for  elliptical  objects,  other 
methods  of  checking  elliptical  forms  and  indicator- 
reading  correction.  Three  items  for  instrument  im- 
provement are  suggested  to  manufacturers. 

THE  DISI  '  8SION 

.'•  bat  limit  of  out-of-roundness  is  allow- 

'  :•  ' 
A.   EL    PBAUBMTHAL:      [1     -   generally  conceded   to  be 
-ome  plant-  demand  that  wristpins  be  a 
lutely  round,  but  they  mean  by  "absolutely  round"  0.0002 

.-.  limit  for  out-of-roui  dni 
limit  of  0.0002  in.  ourselve-  and  we  have  not   found  that 

bad    results.      In    the    hi/ 
hey   like   to   lap   a   wristpifl   and   they  claim 
'i002  in.  but   I   do  not  hoi  • 
able  different 
the  •     with    either    one    or    the 

other. 

not  the  slight  out-of-roundness  obtained 
•it  production   method^   practically   negligible  in 
mobile  work'.' 


Mr.  Frauenthal: — It  probably  is  if  the  machine  is 
always  running  just  right  and  the  type  of  machine  is 
such  that  it  does  not  produce  much  out-of-roundness. 
However,  a  centerless  grinding-machine  produces  very 
accurate  work,  provided  the  operations  previous  to  the 
last  grinding  or  finish-grinding  have  been  done  very  care- 
fully, so  that  the  amount  of  stock  to  be  removed  is  very 
small.  On  the  other  hand,  if  you  crowd  a  machine  of  that 
type,  it  will  most  certainly  produce  out-of-roundness  re 
gardless  of  how  tight  all  the  moving  parts  of  the  machine 
are,  the  good  care  taken  of  it  generally  and  the  care  given 
it  by  the  operatoi . 

Question: — What    amount    of   out-of-roundness    have 
ymi   found  existing  in  crankshafts  and  in  wristpins  'bat 
scaped  detection? 

.Mil.  Frauenthal: — 1  believe  that  no  out-of-roundi 
on   crankshafts   ha-   escaped   us   except   that   beyond    the 
limits  of  the  use  of  the  micrometer.     A  good  inspector 
can   detect   out-of-roundness  of  0.0001    in.    without 
much    trouble.      Any    amount    of   out-of-roundness    might 

pe  attention  on  a   wristpin  ground  on  a  centei 
grinding-machine   if   a   three-point   measuring-method    ia 
not  u 

Question: — Which  do  you  find  best  for  accuracy,  the 
centerless  grinding-machine  or  one  that   has  centers 7 

MB.  FeaUENTHAL: — We  found  that  equally  accural. 
work  can  be  done  on  both  types  of  machine.  For  some 
work,  no  doubt,  the  centerless  grinding-machine  is  con- 
siderably more  rapid  than  the  usual  type  that  employs 
centers.  However,  the  centerless  machine  seems  to  give 
'.mewhat  more  trouble,  probably  due  to  the  fact  that 
the  operations  preceding  the  last  grinding  are  not  done  as 
•  fully  as  is  required  for  this  type  of  machine. 
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LIMITATIONS  regarding  space  available  prevented 
the  publication  in  the  October,  1923,  issue  of  The 
-J  Journal  of  the  mathematical  analyses  referred  to 
in  the  paper  on  The  Packard  Single-Eight.  These  were 
presented  by  the  author  in  two  appendices,  which  are 
printed  herewith. 

ABSTRACT 

STATING  the  fundamental  characteristics  of  the 
modern  motor  car  under  the  headings  of  perform- 
ance, safety,  economy,  comfort  and  taste,  the  author 
defines  these  terms  and  discusses  each  basic  group.  The 
specifications  of  the  car  in  which  the  single-eight  en- 
gine is  installed  are  given,  and  the  reasons  governing 
the  decision  to  use  an  eight-cylinder-in-line  engine  are 
enumerated. 

Following  a  somewhat  lengthy  discussion  of  the  com- 
ponents of  engine  performance,  the  design  of  the  en- 
gine is  given  detailed  consideration  under  its  divisions 
of  crankshaft  design  and  the  methods  employed,  gas 
distribution,  the  operation  of  the  fuelizer,  cylinders, 
valve  gear  and  the  arrangement  of  the  accessories. 
Transmission  design  and  the  wearing  quality  of 
gears  receive  similar  treatment. 

Brakes  and  steering  are  subjects  that  are  treated 
at  some  length,  arguments  being  presented  in  favor 
of  four-wheel  brakes  and  reasons  given  for  their  adop- 
tion, together  with  a  discussion  of  their  effect  on  steer- 
ing ability  and  of  the  mechanics  of  brake  construction. 
Comfortable  steering,  axle  construction,'  steering-gear 
efficiency  and  axle  noise  are  other  subjects  that  are 
considered  in  detail.  The  paper  is  illustrated  pro- 
fusely    and     pertinent     tabular     data     are     included. 

APPENDIX   1 
Engine  Balance' 

On  account  of  the  acceleration  of  the  reciprocating 
and  rotating  parts  of  the  engine,  dynamic  forces  are  set 
up  which,  when  unbalanced,  produce  either  periodic  dis- 
placement or  simply  vibration  of  the  engine.  A  body  of 
mass  m  acted  on  by  a  force  F  will  have  imparted  to  it 
an  acceleration  a  and  the  relation  can  be  expressed  by 

F  =  ma  (4) 

If  the  weight  of  the  body  is  W  pounds,  the  mass 
will  be 

m  =  Wig  (5) 

in  which  g  equals  the  acceleration  due  to  gravity,  or  32.2 
ft.  per  sec.  per  sec.    Therefore,  equation  (4)  becomes 

F=  (W/g)a  (6) 

To  find  the  acceleration  of  the  piston,  it  is  necessary 
to  determine  the  piston  travel  and  its  velocity  in  terms 
of  the  angular  motion  of  the  crankshaft. 

Piston  Travel. — Referring  to  Fig.  28,  we  have,  for 
piston  travel  in  terms  of  the  crank  angle, 

S  =  L  +  R  —  (flcos©  +  Lcos0)  (7) 

-L  +  R  —  R  cos  &  —  L  (1  —  n'  sin1 ©) '<  (8) 

1  M.S.A.E. — Vice-President  of  engineering.  Packard  Motor  Car  Co.. 
Detroit. 

:  M.S.A.E. — Engineer  in  charge  of  analysis  of  design,  Packard 
Motor  Car  Co.,  Detroit. 

j  Figs.  1  to  27  and  Equations  (1)  to  (3)  appear  in  the  paper,  as 
printed   in   the  October,  1923,  issue  of  The  Journal,  p.   257. 


Fig.    2S — Diagram    of   the    Relation    op    Piston 

Travel.    Velocity    and    Acceleration    in    a    Simple 

Engine 


L  [1   +   K »  COS  ©  ■ 

L  [1  -f-  n  —  n  cos  6  - 


(1  —  n'sin'©)*] 


(1- 


sin*  ©  —  £■  sin6  H 
lb 


1    sin'e- 

.  etc.)] 


O) 
(10) 


where 


But 


©  =  the  crank  angle 

<t>  =  the  connecting-rod  angle 

S  =  the  piston  travel  in  terms  of  the  crank  angle  in 

feet. 
L  =  the  length  of  the  connecting-rod  in  feet 
R  —  the  length  of  the  crank,  or  "throw"  in  feet 
n  =  the  ratio  of  the  crank  and  connecting-rod  (R/L) 


sin=  © 
sin*  ©  : 


1  —  cos  2  © 


|  —  |  cos  2  e  +  |  cos4© 


5       15  3 

sin"  ©  =  vs  —  ^  cos  2  ©  +  j^  cos  4  © 
lo      61  lb 


32 


(ID 

(12) 

cos  6©       (13) 
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and  reducing 

1*8]  (14i 

; 

.ilue  of  k  becomes  smaller  and  smaller,  all 
•    sixth  term  may  be  dropped. 

— Denoting    this    by    c.    we    have    the 
on 
r  =  d*  dt  -  (</ 

•he  angular   velocity   Jo  dt   to  be  uniform 
we  have 

=  -  /.  in  HH  '  ■    _  ••        I  fc,  sin  4  0  + 

(16) 

—This   is   denoted   by   o,   and   we 
have  the  expressions 

a  -  dv  dt  =  ")«  ,i:i 

a  =  2  8—  16  fa  COS  1"    • 

(18) 

t:LKRATioN  Force  for  'ink  i  i  under 

udering  the  force  of  acceleration  for  one  cylin- 
we  have 

F  =  »»>  =  I  ii     .  i  19) 

Then  the  force  F  .  due  to  the  acceleration  of  the  re- 
ciprocating parts  for  one  cylinder,  is 

!  I  >  — 
16  fc.  cos  4  8         16  /.cos  6  6)  (20) 

A'         WioL  ii.     Then,  equation    (20)    beeoi' 

K  i,'  CM  os  2  O  _  16A-,  cos  4  6  + 

(21) 


fr" 


iiu  General  i  isi  oi  Engini  Balance  for  .Mm  n- 
Cylindbr  Engines 
Pot  an  engine  having  any  arrangement  of  the  cylin- 
ders and  crank-thrOWS,  the  summation  of  the  horizontal 
and  the  vertical  components,  and  the  summation  of  the 
moments  in  the  horizontal  and  the  vertical  planes,  can 
be  determined  separately.  If  the  cylinders  make  any 
angle  >  with  the  vertical  plane,  we  have,  for  the  sum- 
mation of  the  horizontal.  h,  and  vertical,   r.  forces 

-  /■'  .       -IM--  cos  8   •   i  A-  cos -J  ti  -     L6  fc,  cob  1  8 

4-  36/.'  cms  6  8)  on.  .*i  ]  (22) 

-  Fat  =  -  [A  («  cos  8        i  .   ....  2  "       L6fc,cos  I  8 

+  36  k  cos  6  8)  (cos     I] 

If  2  denotes  the  distance  along  the  axis  of  the  crank- 
shaft, as  in  Fig.  29,  we  have,  for  the  summation  of  the 
moments,  M,  in  the  horizontal,  /(,  and  vertical,   r,  plains 

i:  Ml  =  1  [A'  (  »  COS  8  +  4  k  cos  2  8—  16  A-,  cos  1  1 1 

+  36 fc. cos 6 6)  (sin  8)x]  (24) 

SM0  =  2[Z(ncos8   .    I /,  c..s  :2  0  —  16  A-.  cos  4  8 

4-  36  Av,  cos  6  8)  (cosfi)  z]  (25) 

For    the    condition    of    perfect     balance    !./•'.«.    LA 
1.1/    and  LMt  must  be  equal  to  zero. 

Balance  of  the  Single-Eight  Engine 

In  the  Packard  single-eight  engine,  the  angle  3  that 
the  cylinders  make  with  the  vertical  plane  is  equal  to 
zero;  hence  when  3  0.  we  have  EFo*  0  and  £M«  0. 
Since  cos©  =  1  and  the  reciprocating  masses  are  equal, 
we  have 

i  A     =  KTZ(ncose)    .   i  (4fc,cos28)  — 

i  (16fc,cos  l"i    t   -  (36fc.cos68)]  (26) 

Let 

I  A,,  =  2  (rccosO) 
1/'  1  {n  cos  2  6) 

and  the  like  for  the  forces  due  to  the  acceleration  of  the 
reciprocating  parts   for  cylinders    Nos.    I    to  8,   and    let 
".  "      .     .     .     .     "    denote  the  crank  angle  for  cylinders 
Nos.  1  to  8  respectively.     Then, 
ii   -  e 

8     -  H,  ±  180  =  B  ±  180 
"        (>,        90       '»        90 

I I  ,  =  8,  —    90  =  H  —    90 

c  =  e,—  90  =  e—  90 

"    =  H,  +    90  =  o  4-    90 
8,  =  O,  ±  180  =8±  180 

e,  =  e,  =  e 

Then,  the  primary  forces  for  these  cylinders  are 

cos  8| 
cos  8 

cos    *'. 

,     II 



COS  8, 

cos  1 1 

OS   8 

cos  (8  ±  180) 

COS   <"     |     '.HI) 

cos  (8      901 

i"       90) 
cos  ('I    .    90) 

i"   (    180) 
cos  8 
eo    8 

cos    O 

-  sin    O 
ii    O 

sin  o  (27) 

—  sin  8 

C08   8 

COX     II 


=  Kn 


Therefore 


TH«    I'lHTO.'.H    ANfJ    '.'('.ANKHIfAKT 
Th»<.  '   SUAI0HT    ElOHT-CTLOHIl 


T2  cos  8  —  2  cos  8  "1 
2Fa,  =  Kn\  + 

L2  sin  8  —  2  sin  8  I 


-   0 


(28) 
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AKk. 


2  Fa,  =  WKk, 


Equation  (28)  shows  that  the  total  of  the  primary 
forces  for  any  crank  angle  and  in  every  plane  is  equal 
to  zero ;  that  is,  the  forces  are  balanced  completely. 

The  total  secondary  force  for  all  eight  cylinders  is 

cos  26,- 

cos  28, 

cos  26, 

cos  26, 

SFoa  =  AKk2  cos  2e, 

cos  26, 
cos  26; 
cos  26, 

cos  29 

cos  2(6  ±  180) 
cos  2  re  +  90) 
cos  2(6  —  90) 
cos  2(9  —  90) 
cos  2(9  +  90) 
cos  2(9  ±  180) 
cos  29 

cos  26" 
cos  26 
■cos  26 
-  cos  26 
=  4Kk2    _.cos  29  (29) 

—  cos  26 

cos  26 
cos  26  _ 
Therefore,  we  have 

2ft,  =  4  Kk._  (4  cos  2  6  _  4  cos  2  9)  =  0  (30) 

which  shows  that  the  secondary  forces  are  balanced  com- 
pletely. 

The  fourth-order  harmonic  for  all  eight  cylinders  is 
P —  cos  49,  — 

!   —  COO    49, 

—  cos  463 
!  —cos  49, 
j  —  cos  495 
j  —  cos  48., 
I  —  cos  49r 
I  —  cos  49s  | 

— ■  cos  49 

—  cos  4(9  ±  180) 

—  cos  4(9  +  90) 

—  cos  4(9  —  90) 

—  cos  4(6  —  90) 

—  cos  4(6  +  90) 

—  cos  4(6  ±  180) 
_ —  cos  46 

—  cos  46 ' 

—  cos  46 

—  cos  49 
--cos  49 
— ■  cos  4H 

—  cos  49 

—  cos  46 

—  cos  46  _ 
Therefore 

^  Fa,  =  — 128  A'A:,  cos  4  6  (32) 

Equations  (31)  and  (32)  show  that  the  fourth-order 
harmonics  synchronize  in  the  vertical  plane. 

The  sixth-order  harmonic  for  all  eight  cylinders  is 

cos  66, " 

cos  66. 

cos  663 

cos  66, 

cos  693 

cos  696 

cos  69; 

cos  69s 

cos  69 

cos  6(9  ±  180) 
cos  6(9  +  90) 
cos  6(6  —  90) 
cos  6(6  —  90) 
cos  6(6  +  90) 
cos  6(6  ±180) 
cos  66 


=  16/v'A-. 


=  16XA-, 


(31) 


2  Fac  =  36Kfc; 


=  36Kfc 


=  36/^ 


(33) 


cos  66" 
cos  66 

—  cos  66 

—  cos  66 

—  cos  66 

—  cos  69 
cos  69   | 
cos  69  J 

Therefore 

2  Fa.  =  36  Kk„  (4  cos  6  9  —  4  cos  6  9)  =  0  (34) 

Hence,   the   resultant   of   the   forces    in   the   vertical 
plane  is 

2  Fav  —  — 128  Kk,  cos  4  6  (35) 

and  the  resultant  of  the  forces  in  the  horizontal  plane  is 
^  Fat  =  0  (36) 

Rocking  Couples 
Primary  Forces- 
1  25 ) ,  we  obtain 


-By  making  use  of  equations  (24)  and 


2  MV1  -  Kn 


2  A/, 
But,   for 


Kn\ 


2  M, „  -  4  Kk, 


Xi cos  9 

— ■  .<;,  cos  6 

—  x~  sin  6 
x-,  sin  9 
X-,  sin  9 

—  x0  sin  6 

—  x-.  cos  9 

X-s  COS  6  _ 
~(Xi  +  Xs)  COS  6 (.Ti  +  x,)  cos  9 

+ 

L(x<  +  £3)  sin 9 —  (a;3  +  x,)  sin  9  _ 
a  symmetrical  arrangement  of  the  crank- 
throws,  having  the  same  phase,  along  the  axis  of  the 
crankshaft  and  relative  to  the  middle  point  between  the 
end  cylinders,  we  have 

(x-,  +  x-8)  =  (.t%  +  x,)  =0 

(.)-,  -f  Xs)    —    (.iv  +X,)    =0 

Therefore. 

2  Mv,  =  0 
Secondary  Forces. — By   making   use  of  equations    (24) 
and  (25),  we  obtain 

Xi  cos  2  9  " 
x3  cos  2  9 
— ■  .i-3  cos  2  9 

—  x,  cos  2  6 

—  Xi  cos  2  6 

—  Xe  COS  2  6 
X;  COS  2  6 

.      x\  cos  2  9 
-  Mm  =  +  cos  2  9  (x-,  +  x,  -\-  Xi  +  xs)  — 
cos  2  6  (x,  -  .c,  +  x,  +  x.) 

But,  for  a  crankshaft  in  which  the  cranks  in  the  same 
phase  relation  are  longitudinally  placed  relative  to  the 
middle  of  its  length,  we  have 

(Xt  -}-  Xi  +  Xi  —  Xj  )  =   (x-j  +  x,  +  x-,  +  x«)   =  0 

Therefore. 

2  Mv,  =  0 

Fourth-Order     Forces. — Treating     the      fourth-order 
forces  in  exactly  the  same  manner  in  which  the  secondary 
forces  were  treated,  we  find  that 
i:  Mv,  =  0 

Sixth-Order  Forces. — Similar  treatment  of  the  sixth- 
order  forces  gives 

2  Af«  =  0 

Therefore,  the  engine  is  entirely  free  from  rocking 
couples,  since 

2  Mi,  =  0  and  2  Mv  =  0 

Total  Unbalanced  Forces 

The  total  of  the  unbalanced  forces  for  the  Packard 
single-eight  engine  amounts  to  only  32  lb.  at  3000  r.p.m. 
This  is  equal  to  the  unbalanced  primary  force  produced 
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jmulated  difference  in  weight  of  all  the  piston 

only  2  oz.,  which  is  a  tolerance  that  would 

be  utterly   impracticable  to  work   to   in   manufacturing. 

then,  the  difference  in  the  amplitude  of  vibration 

would  be  only  1  36  as  great,  because  the  frequency  of 

-.xth-order  forces  is  six  times  the  primary  frequency. 

There  can  be  no  question  of  the  insignificance  of  such  a 

slight  unbalance. 

APPENDIX  2 

Derivation   of  the   Formula   for  Turning   Moment 
Aboit  the  Steerinc.-Pivot 

For  an  analysis  of  the  forces  acting  on  a  wheel  and 
oming  rolling  resistance,  we  refer  to  the  left  hall 
:    P  .  ind  to  the  text  of  the  paper  under  Funda- 

mental  Requirements   of   Brakes   and    Steering'.      For   a 
lition  of  equilibrium,  we  find 

f  y  =  o 

H         II-  =0 

Therefore. 

F    =  W  <h    V) 
But.  r  very'  nearly  equals  V;  hence,  we  have 

F,  -  W  th   r)  (87) 

an  analysis  of  the   forces  on   a   wheel   locked   by 

nd  sliding  with  uniform  motion,  we  refer  to  the 

right  central  drawing  in   Fig.  30  and  to  the  text  of  the 


•  r.    1S23.    I 

i  tctober,  1923.  p 


paper  under  Forces  for  Locked  Wheels*.  From  the  def- 
inition of  sliding  friction,  we  have,  using  /  to  represent 
the  coefficient, 

F,  =  Mf  (38) 

Then,  we  have  F  F  0,  or  LP  0;  and  also, 
H'  H"  o  or  IF  o.  But,  taking  moments  about  (>. 
we  have  a  couple  C  F  i.  which,  to  satisfy  the  condition 
tor  equilibrium,  must  be  resisted  by  an  equal  and  opposite 
couple,  hence  C+C  =  0,  or  C  — (".  this  couple  is 
necessary  to  restrain  the  wheel  against  rotation,  in  this 
due  to  the  action  of  front-wheel  brakes  and  to  fric- 
tion at  the  bearings. 

For  an  Analysis  for  Mixed  Resistance1,  we  refer  to  the 
drawing  at  the  extreme  right  of  Fig.  30  and  to  the  text 
of  the  paper.     For  the  condition  of  equilibrium,  we  have 
C  =  FV—  Wh 

But,  h  =  F,F,  W  and  V  very  nearly  equals  r;  heme, 
F  IF  i/i  /).  Let  F  =  Fl  +  F„  where  F,  equals  roll- 
ing resistance.     Then,  since  F        IF  (A   r),  we  have 

C=  (F,+  F,)  r—Wh 
=  Wh  +  F,r—  M7. 

(/•'-   -/•'   I    r 

If  we  denote  the  COeffic ient  of  static  friction  by  /„ 
then  F   become.-  ;t  maximum  when  F,  =  f„W,  and  we  have 

(40) 

However,  the  couple  C  may  have  any  value  from  zero 


C     f,Wr 
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to  f.Wr,  depending  only  upon  the  friction  at  the  bearings 
and  the  frietional  moment  exerted  by  the  brakes. 

Forces  Acting  on  the  Steering-Knuckle 

For  a  general  analysis  of  the  forces  acting  on  the  steer- 
ing-knuckle, we  refer  to  the  left-hand  portion  of  Fig.  31. 
Let 

X  =  the  angle  made  by  the  center  plane  of  the  wheel 

and  the  steering-pivot  axis 
m  =  the   ground    intercept   of   the    steering-pivot    axis 

and  the  center  of  contact  area 
F'  —  the    horizontal    force    required    to    overcome    the 

total  resistance 
F'  —  the    horizontal    force    required    to    overcome    the 

rolling  resistance 
W  =  the  weight  on  the  wheel 
C  =  the  reacting  couple  about  the  axis  of  rotation  of 

the  wheel 
/■  =  the  radius  of  the  wheel 

The  resistance  F'  and  the  reaction  of  the  weight  W 
act  at  the  point  d  in  the  right-hand  portion  of  Fig.  31. 
Referring  to  the  upper  portion  of  Fig.  32,  the  weight 
on  the  wheel  acts  through  the  point  O  of  the  steering- 
knuckle  ;  also,  the  force  F  acts  through  the  point  0  in  the 
center  plane  of  the  wheel. 

Referring  first  to  the  right  and  then  to  the  left-hand 
portion  of  Fig.  31,  let  the  distances 
of  -  r 
oa  =  a 
ob  =  b 
oe  —  c 
cf  —  m 
be  —  e 
Then, 

b  —  a  cos  ^ 
=  c  —  i 
=  r  sin  X  —  m  cos  X 

The  lower  portion  of  Fig.  32  represents  the  steering- 
knuckle  with  the  wheel  removed  and  the  reactions  at  O 
replaced  by  the  actions  W,  F  and  C,  equal  and  opposite. 

We  can  represent  the  couple  C  by  its  moment  vector 
M.  Then,  resolving  the  moment  axis  .1/  into  its  com- 
ponents M„  and  M,  as  in  the  lower  portion  of  Fig.  32, 
respectively  normal  and  parallel  to  the  steering-pivot 
axis,  we  have 

.1/,,  =  ,1/cosX 
.1/     =  M  sinX 

The  moment  vector  M„,  being  normal  to  the  steering- 
pivot  axis,  exerts  no  rotative  tendency  about  the  pivot 
axis,  but  the  tangential  component  M,  exerts  a  tendency 
of  rotation  which  must  be  reacted  by  the  steering-gear 
or,  if  it  is  balanced  by  the  wheel  on  the  opposite  side  of 
the  car,  it  induces  stresses  in  the  tie-rod  and  the  steer- 
ing-arms.' 

The  force  F  and  its  reaction  at  the  steering-pivot  axis 
forms,  about  the  pivot  axis,  the  couple  Mh  =  Fb,  in  Fig. 
32,  which  is  opposite  in  its  tendency  with  reference  to 
Mt  and  is  represented  by  the  moment  vector  Af».  The 
resultant  moment  Mr  is  the  algebraic  sum  of  Mh  and 
Mt,  and  we  have 

Mr  -  Mh  +  Mt 
But. 

.l/i,  =  F  ( r  sin  X  +  m  cos  X) 
Mt  =  —  M  sin  X  =  _  (F  —  F,)  r  sin  X 
Then, 

M,  =  F  (rsinX  +  mcosX)  —  (F  —  F,)  r  sin  X 
Hence, 

Mr  =  F  m  cos  X  +  F,  r  sin  X  (41) 

Equation  (41)  is  the  general  equation  for  the  net  value 
of  the  couple  C,  due  to  the  action  of  the  total  resistance 


tending  to  rotate  the  steering-knuckle  about  the  steer- 
ing-pivot axis. 

Center-Point  Steering 

In  center-point  steering-design,  the  steering-pivot 
axis,  when  produced  or  extended,  intersects  the  ground 
in  the  center  plane  of  the  wheel.  Therefore,  the  distance 
cf  in  Fig.  31  becomes  zero.  Therefore,  m  =  0  and  the 
first  quantity  in  the  right-hand  member  of  equation  (41), 
Fm  cos  a  =  0.     Hence 

.1/',  =  F  rsinX  (42) 


-Another  Diagram  ok  the   Forces  Acting  on  the  Steer- 
ing-Knuckle 

In  the  equation  (42),  we  find  that  the  only  resistance 
affecting  the  turning  couple  is  F,,  which  is  the  rolling 
resistance. 

Conclusions 

The  conclusions  drawn  from  this  proof  are  enumerated 
as  follows: 

(1)  The  steering-linkage  and  steering-gear  are  not 
subjected  to  stress  because  of  the  action  of  the 
front-wheel  brakes 

(2)  Steering  is  in  no  way  affected  by  the  action  of  the 
brakes.  This  is  particularly  important  for,  if 
this  were  not  true,  in  case  of  a  quick  stop,  if  one 
wheel  lost  its  traction  the  driving  wheel  would 
be  given  a  strong  wrench  that  probably  would 
cause  the  driver  to  lose  control  of  the  car 

(3)  Maneuverability  in  parking  a  car,  or  on  grades 
where  brakes  are  required,  is  not  affected  appre- 
ciably when  the  brakes  are  applied.  This  makes  it 
easier  to  maneuver  the  car  in  close  or  tight  places 

THE  DISCCSSION 

Question  : — Are  the  front-wheel  brakes  used  only  as  a 
service  brake? 
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j.  all  the  braking  effort 

>uld  U?  had  was  wanted  in  the  service 

B    the    real   emergency    brakes,    the 
-  ks  being  nothing  but  a  standing 

ability  to  accelerate  rapidly  and 

mum  braking  effect i\. 

bviously,  it  cannot  be  had  on  two 

distributing  the  braking  effort  over 

educed  greatly  and  the  frequency 

.!.      In   the    Packard  layout   the 

standing  brake, 

d   through  an   independent   mech- 

(Jt'EST;  -lire    per   square    inch    on    the 

--  about  the  same  as  on  the  rear- 
ake-linings? 
Mr.  Vincent: — The  ratio  of  the  pressures  is  as  45  •>" 

on  the  rear. 

(Jl'tsTlON : — Do    the    front-wheel    or    the    rear-wheel 

plish  the  maximum  braking?    Are  the  rear- 

-   brought   into  play  first   and  are  the  front 

Is  not  effective  until  the  rear  wheels  have  begun  to 

Mr.  Vim  est: — The  front  and  the  rear  brakes  go  on 
practically  at  the  same  time. 

QUESTION: — What    rate   of   retardation   do  you   secure 

'•.  and  35  m.p.h.? 
Mr.  VINCENT: — I  think  that  our  maximum  rate  of  re- 
. early  20  ft.  per  sec.  per  sec.     According  to 
my   recollection,   under   ideal  conditions   I   have  stopped 
from  a  speed  of  60  m.p.h.  in  4.5  sec.  in  a  little  less  than 
ft. 
QUESTION: — Is    that    practically    the    same    stopping 
ability  as  with  rear-wheel  brakes  alone? 

Mr.  VINCENT: — It  is  a  very  much  greater  stopping 
ability.  One  of  the  things  that  impresses  me  about  the 
action  of  these  brakes  is  that,  when  applied  hard  at  high 
speed,  the  car  does  not  tend  to  jump  around.  I  realize 
that  ir-wheel  brakes  are  better  than  others,  and 

it  may  be  that  some  cars  equipped  with  rear-wheel  brakes 
alone  can   withstand  having  them  jammed  on  at  a  car 
speed  of  CO  m.p.h.  without  causing  the  car  to  do  any- 
thin/  -low  down  smoothly;  but,  to  say  the    i 
that  is  difficult  to  accomplish.     I  think  it  is  possible  to 
ii   a  big  car  fast   with    four-wheel   brakes   in  a 
that  cannot  be  done  with  two-wheel  brakes.     I  want 
all  to  understand  me  clearly.     I   am  not  "sold"   by 
manner  of  means  on  the  l>elief  that  all  cars  ougl 
have   four-wheel  brakes.     I   think   that   we  must    learn 
Ut  them.     We  have  i-  I  them  on  our  ox- 
••  felt  that  we  could  g< 
•hem  that  was  needed  to  build  them  right.     I  do  not 
v.  cheaply  we  can  make  four-wheel  brakee 

v.    I  think  no; 
I  am  much  interested  in  them.     I  think 

general    .  • .  but  I  am  not  at  all  certain 
that  they  are  going  to  be  used  on  all  sizes  of  car.     It  will 
me  if  we  are  still  discussing  this  que 
•  from   r.' 

How  do  four-wheel   brakes  compare  with 
ind'-r  abnormal  conditions,  such  as  on 

Mr.    VINCENT: — Such    road    conditions    show-up    the 
four-wheel   brake-   to   their   greatest   advantage.      I   was 
much  surprised  during  winter  driving  in  mountain- 
tv  to  find  that  I  could  stop  when  a  reasonable 
amo.  ow  was  on  the  road  almost  as  quickly  as  I 

would  ordinarily   on    dry   pavement.      That   should 

have  been  mentioned  in  the  paper. 


We  did  not  make  the  brake  leverage  such  as  to  produce 
what  might  be  called  •"sensational"  brakes.  1  do  not 
believe  in  them  or  in  sensational  brake  exhibitions. 
Duly  very  rarely  does  a  person  want  to  make  a  sensa- 
tional stop;  then,  as  was  stated  in  the  paper,  a  person 
has  unusual  power  at  his  command  and  will  apply  the 
brakes  much  harder  than  normally.  The  four-wheel 
brakes  are  not  intended  to  make  sensational  stops,  but 
it  is  true  that  one  can  stop  almost  as  quickly  on  slippery 
or  wet  pavement  as  one  would  stop  ordinarily  on  dry 
pavement  1  have  never  skidded  yet  except  when  I 
liberately  tried  to  skid  when  going  around  a  turn. 

QUESTION:  -What  is  your  opinion  in  regard  to  using 
a   propeller-shaft    brake  as  a   service  brake? 

Mk.  Vincent: — I  do  not  favor  using  a  propeller-shaft 
brake  for  general  service,  l'ropeller-shat't  brakes  serve 
satisfactorily  for  the  standing  brake  when  used  in  con- 
junction with  four-wheel  brakes.  In  the  hands  of  the 
average  owner,  the  hand-operated  propeller-shaft  brake 
is  not  used  often  in  ordinary  service  conditions.  Yen 
satisfactory  four-wheel  brakes  can  be  built  for  the  same 
money  as  a  practical  propeller-shaft  brake  having  suffi- 
cient strength  provided  in  the  axle  to  carry  the  braking 
loads. 

QUESTION: — Have  your  investigations  shown  the  nece 
sity  for  the  release  of  the  outside  front-wheel  brake  when 
the  car  is  rounding  a  turn? 

Mk.  VINCENT:— No.  I  claim  that  to  be  wrong  abso- 
lutely. I  defy  anybody  to  show  me  how  it  will  do  any 
good. 

Question: — When  descending  a  hill  steep  enough  to 
require  sufficient  brake  pressure  to  lock  the  wheels  and 
approaching  a  sharp  hairpin  turn  at  the  bottom  of  the 
hill,  would  locked  front  wheels  have  a  tendency  to  hold 
the  car  to  a  straight  course  and  cause  it  to  leave  the 
road  at  the  turn? 

Mr.  Vincent: — To  begin  with,  if  the  brake  adjust- 
ment is  correct,  the  rear  wheels  must  become  locked  be- 
fore the  front  wheels  do  and,  if  the  car  had  gained  such 
momentum  that  it  was  necessary  to  lock  the  wheels  to 
stop  it,  this  hardly  could  be  considered  rational  driving. 
Certainly,  if  the  full  effect  of  four  brakes  is  required  to 
stop  the  car,  it  is  evident  at  once  that  three  brakes  or 
only  two  brakes  on  the  rear  wheels  would  result  in  the 
car  leaving  the  road.  If  the  four-wheel  brakes  are  good 
and  the  car  is  driven  reasonably,  it  ought  to  be  able  to 
Btop  before  reaching  the  turn. 

QUESTION: — Has  any  investigation   been  made  to  de- 
me  the  effect  on  the  springs  when  four-wheel  brakes 
are  applied? 

.Mi:.  VINCENT:  Much  investigation  has  been  necessary 
in  connection  with  the  front  springs.  However,  when 
prings  are  designed  properly,  they  should  not  be 
affected  to  a  degree  that  will  have  anything  to  do  with 
the  steering.  The  ffotchkisa  drive  will  develop  chatter 
if  its  linkages  are  not  designed  properly.  We  can  do  the 
thing  with  front-wheel  brakes.     We  must  study  our 

geometry.  I  think  it  is  proper  design  to  have  the  front- 
wheel  brakes  tend  slightly  to  unwind  the  brake.  By  tin 
I  mean  that  if  the  brake  is  applied  hard  and  the  car 
slows-down  quickly,  the  brakes  should  unwind  a  little 
rather  than  wind-up.  If  they  wind-up,  some  trouble  in 
the  form  of  chatter  is  encountered.  If  the  brakes  an 
put  on  hard  and  the  action  tends  to  put  them  on  still 
birder,  that  will  be  a  very  severe  brake  and,  in  the 
Of  the  wheel  being  thrown  off  the  road  by  a  stone,  rut 
or  crossing,  the  wheel  will  become  locked  while  in  the 
air  and  when  it  comes  down  it  will  catch,  release,  jump 
in  the  air  again  and  cause  a  very  violent  chatter.     I  have 
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experienced  that  in  the  experimental  stages.  We  have 
to  design  the  linkages  so  that  we  will  not  run  into  that 
situation.  Of  course,  we  do  not  want  to  have  the  brakes 
unwind  very  much,  because  that  would  detract  from  the 
braking  effort  too  much.  On  the  other  hand,  if  we  hap- 
pen to  put  the  brakes  on  when  we  are  backing-up,  we 
would  get  the  chatter  if  the  action  were  too  great.  The 
action  should  be  practically  zero,  of  course. 

QUESTION : — That  is  caused  by  the  weight  of  the  car 
piling-up  on  the  front  springs,  is  it  not? 

Mr.  Vincent: — Yes,  and  by  the  deflection  of  the 
springs  that  allows  the  axle  to  twist  a  little. 

Question: — Has  any  tendency  been  noted  for  a  car 
to  list  toward  the  edge  of  the  road  or  down  off  the  crown 
of  the  road? 

Mr.  Vincent: — I  suppose  that  question  refers  to  driv- 
ing on  the  crown  of  the  road  and  then  putting  on  the 
brakes,  and  to  the  tendency  for  the  car  to  swerve  off  to 
the  side.  Of  course,  that  would  be  true  if  the  front  axle 
were  not  designed  properly  or  if  the  brakes  were  not 
equalized  properly.  I  have  had  some  experimental  cars 
that  did  just  that.  The  car  was  not  partial  as  to  which 
side  of  the  road  it  took.  It  depended  upon  which  brake 
was  adjusted  tighter.  I  feel  that  the  king-pin  axis  must 
practically  intersect  the  point  of  tire  contact,  and  then 
the  brakes  must  go  on  practically  equal.  They  must  be 
equalized  and  designed  so  that  there  cannot  be  any  great 
difference  in  the  efficiency  of  each  brake. 

Question: — Do  you  anticipate  any  trouble  from  cables 
seizing  in  the  cross-tube  due  to  rust  and  corrosion  or 
failing  to  equalize?     Is  lubrication  provided  for? 

Mr.  Vincent  : — We  use  galvanized  cable  and  the  whole 
assembly  is  rust-proofed  before  painting.  I  do  not  an- 
ticipate any  trouble.  Of  course,  the  movement  is  not 
great ;  so  far  as  the  rear  brakes  are  concerned,  it  is  not 
1  16  in.  in  6  months.  The  front  cables  operate  a  little 
every  time  we  turn  so  that,  probably,  they  will  be  kept 
free,  and  so  will  the  pulleys.  I  do  not  say  that  the  mech- 
anism cannot  get  stiffened-up  by  corrosion  and  dirt,  but 
it  is  pretty  well  protected. 

Question: — In  reference  to  having  the  king-pin  axis 
intersect  the  center  of  tire-ground  contact,  what  is  the 
angle  of  the  king-pin  and  of  the  steering-knuckle? 

Mr.  Vincent: — Theoretically,  the  axis  extended  in- 
tersects the  tire-ground  contact.     Its  angle  is  10  deg. 

Question  : — What  is  the  effect  of  having  oil  on  one 
front-wheel   brake? 

Mr.  Vincent: — About  the  same  as  having  oil  on  one 
rear-wheel  brake;  to  make  it  inefficient.  If  the  brakes  are 
put  on  to  make  a  quick  stop,  some  of  the  braking  power 
is  lacking.  On  account  of  the  arrangement  of  the  king- 
pin, we  would  not  get  any  decided  pull  to  one  side  of 
the  road.  We  might  do  so  under  certain  conditions, 
as  when  the  tire  rolling  on  one  side  of  the  road  gets  a 
slight  pull,  but  nothing  serious  would  occur  to  interfere 
with  steering.  The  result  would  be  very  much  reduced 
efficiency  in  the  brakes.  The  only  thing  we  can  do  as  to 
that  is  to  design  to  keep  the  brakes  as  dry  as  possible. 
I  have  not  experienced  the  condition  mentioned.  Prob- 
ably it  will  occur  under  certain  bad  conditions  on  the 
outside  of  the  road,  but  it  is  pretty  well  guarded  against. 

Question: — Of  what  material  are  the  transmission 
gears  and  shafts  made? 

W.  R.  Griswold  : — We  use  an  oil-treated  chrome-nickel 
steel  for  the  transmission  gear. 

Question: — What  type  of  gear-tooth  is  used,  involute 
or  stub,  and  what  is  the  pressure  angle? 

Mr.  Griswold: — All  modern  gear-teeth  are  of  the  in- 
volute form.    That  is  the  only  type  of  gear-tooth  that  can 


be  reproduced  easily  by  methods  that  are  available.  So 
far  as  the  design  of  the  tooth  is  concerned,  that  is  en- 
tirely special.  The  pressure  angle  is  about  18  deg.  45 
min.  Compared  with  a  full-depth  Brown-and-Sharpe 
tooth,  the  tooth  is  shorter.  However,  the  addendum  and 
the  dedendum  of  the  teeth  are  not  equal.  They  vary  in 
such  a  way  that  the  number  of  teeth  in  simultaneous 
contact,  or  the  overlap  in  the  engagement  of  one  tooth 
to  the  next,  the  sliding  factors  and  the  tooth  pressures 
or  unit  pressures  between  the  faces  of  the  teeth,  are  co- 
ordinated in  a  wTay  that  we  desire  to  have  them. 

Question: — What  is  the  engine  compression-pressure, 
gage? 

Mr.  Vincent: — The  compression-pressure,  gage,  is 
approximately  from  75  to  80  lb.  per  sq.  in.  with  the  en- 
gine warm  and  cranked  over  at  120  r.p.m.  with  the  throt- 
tle wide-open.  All  readings  on  a  pressure-gage  depend 
upon  how  they  are  made.  We  have  a  fixed  method  of 
taking  them.  The  speed  we  use  is  about  the  same  as 
that  at  which  the  electric  starter  will  crank  the  engine. 
We  aim  for  77  lb.  per  sq.  in.  gage  pressure.  The  maxi- 
mum torque  is  about  2730  lb-in. 

Question: — Does  the  single-eight  offer  any  particular 
economy  in  fuel?  What  is  the  mileage  per  gallon  of 
gasoline? 

Mr.  Vincent: — Gasoline  economy  is  purely  relative. 
The  more  excess  power  we  put  in  the  car  the  worse  the 
fuel  economy  will  be.  I  usually  hesitate  to  give  figures 
on  fuel  economy;  they  depend  too  much  on  how  the  car 
is  operating.  If  I  take  a  new  properly  adjusted  car,  at 
Detroit,  on  a  500-mile  run,  it  will  average  anywhere  from 
12  to  14  car-miles  per  gal.,  but  that  is  for  straightaway 
driving  and  not  for  city  driving.  Under  average  oper- 
ating conditions  the  year  through  one  should  get  some- 
where around  10  miles  per  gal.  I  do  not  say  that  we 
offer  any  particular  economy  in  fuel-consumption  over 
that  of  any  car  of  the  same  power;  but  I  do  believe  that, 
on  account  of  the  simplicity  of  the  engine,  it  is  easier  to 
maintain  it  in  reasonably  good  working  order  so  that  it 
will  give  somewhere  near  the  economy  it  should  give. 

Question: — Having  the  brakes  arranged  so  that  they 
will  not  lock  is  a  good  way  to  save  tires.  What  condi- 
tions are  chosen?  Is  there  some  specific  coefficient  of 
resistance  with  the  road? 

Mr.  Vincent: — That  matter  is  not  clearly  answered 
in  the  paper.  It  is  a  difficult  statement  to  make  clear  but, 
under  ordinary  dry-pavement  conditions,  it  is  very  diffi- 
cult to  lock  the  wheels  if  there  is  anything  like  the  proper 
brake  adjustment.  It  can  be  done.  The  rear  wheels  will 
lock  first;  it  is  very  unusual  to  be  able  to  lock  the  front 
wheels,  but  so  long  as  the  human  element  is  involved  and 
so  long  as  the  brakes  are  made  relatively  efficient,  there 
will  be  a  possibility  of  locking  them.  That  is  my  reason 
for  believing  that  brakes  should  not  be  so  sensitive  that 
they  can  be  locked  easily.  However,  I  do  not  think  that 
the  average  person  would  lock  them  except  under  very 
extreme  conditions.  I  do  not  say  that  the  wheels  cannot 
be  locked,  but  that  it  is  very  difficult  to  lock  the  front 
wheels. 

Question: — What  is  the  ratio  of  the  thrust  to  the 
radial  load  on  the  steering-worm  bearings? 

Mr.  Griswold: — The  reference  is,  I  understand,  to 
the  bearings,  top  and  bottom,  of  the  worm.  The  radial 
loads  are  relatively  very  small.  In  fact,  they  might  even 
be  neglected  entirely,  because  the  thrust  acts  along  the 
center-line  of  the  worm-shaft.  I  do  not  recall  what  the 
thrust  loads  are. 

Question  : — Has  the  reduction  in  friction  in  the  steer- 
ing connection  produced  any  tendency  to  wheel-wabble? 
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Mr.   V-  ..   v,  r\    nice  problem  to  gel 

true  that  anything  which 

ironi  the  steering-end  standpoint 

be  fairly  •  work  back  through  the  other  way. 

I  think  we  all  agree  that,  for  high    peed,  powerful  cars, 

it   in  irreversible  steering.     It 

will  simp'y   result   in  breaking  something.      Irreversible 

the   wheel-wabble  or   the  so-called 

■ 

Th.  esent  axle  was  of  about  the 

but    it   produced    wheel-wabble 
-  ordinary  variety  that  occurs  at  low  speed.    In  check- 
up, 1  found  irrect  by  reducing  the 
the  king-pin  or  the  inclination 
the  front.    The  first  angle  was  something  like  :^ 
jld  eliminate  the  wabble  by  reducing  that  angli 
i  ieg.     However,  later  on,  when  we  got  to  experiment- 
ing w               -us  kinds  of  bijr  tire,  we  ran  into  some  other 
kinds  of  wheel-wabble  at  high  speeds  and  found  it  neces- 
educe  that  angle  still  further.     Now.  it  is  an 
angle  of  1  deg.  with  the  car  fully  loaded,  and  of  about  1  ■  i 
.vith  the  car  unloaded.     We  find   it  very  important 
not  to  have  too  much  angle.    Since  we  settled  thai  angle 
•:on.    I    t                      unable   to   make   the   car   shimmy 
at  high  speed,  and  we  have  had  no  trouble  when  driving 
at  low  speed  except  when  I  experimented  with  some  of 
these  new  ti 

QUESTION:  —  How  doe-  the  four-wheel-brake  construc- 
operate  on  the  single-eight  when  balloon  tires  are 
used  at  high  speeds? 

Mr.  Vincent: — So  far  as  I  know,  the  four-wheel 
brakes  would  operate  very  well.  The  balloon  tire  has  many 
good  features;  one,  in  particular,  is  that  it  certainly  grips 
the  pavement  well;  so,  I  imagine  one  would  stop  a  car 
very  quickly  if  the  brakes  were  put  on  hard  enough.  I 
have  not  tried  to  stop  at  very  high  speed,  because  I  have 
not  been  able  to  get  up  very  high  speed  without  wheel- 
;>le  with  the  balloon  type  of  tire. 

1 that   the  short    Y-type   engine  has 

abandoned  in  favor  of  a  long  straight-line  engine. 
This  is  just  the  opposite  of  the  development  that  the 
aircraft  engine  has  had  in  the  last  10  years.  The  long 
-traight-line  engine  has  been  abandoned  and  I  believe 
that  the  short  V-type  engine  is  now  leading.  Can  Mr. 
Vincent    predict    from    his    experience    with    the    single- 


eight   engine   whether  anything   similar   will   be  the 
in  the  aircraft   engine'.' 

Mr,  Vincent:     I  think  not,  excepl  thai  we  might  hav< 

a  twin-eight  engine  for  large  powers.  When  we  trj  to 
use  aircraft  ideas  too  far  in  our  automobiles,  or  vice 
versa,  Or  try  to  mix  up  car  design  and  truck  design,  we 
gel  into  considerable  trouble.  We  learn  much  in  e 
branch  of  the  art  but  we  have  to  be  very  sure  to  analyze 
the  problems  of  the  particular  job  before  us.  In  the 
of  the  aircraft  engine.  1  am  not  in  full  agreement 
with  the  statement  that  we  have  abandoned  the  long 
engine  for  the  short  engine.  We  have  abandoned  long 
engines  for  long  "double"  engines,  if  one  may  put  it  that 
way.  because  we  have  gone  up  in  power  and  we  have  to 
use  two  rows  of  cylinders  just  about  as  long  as  the  single 
row  was  in  the  first  place.  I  think  that  the  eight-cylinder 
V-type  engine  will  not  continue  to  live  in  aircraft  work. 
I  think  that  the  light  high-powered,  12-cylinder  engine 
will  be  the  standard  aircraft  engine,  at  least  for  Army 
and  for  Navy  work.  Twin-eights,  or  lb-eylinder  engines, 
have  been  built,  and  it  is  entirely  possible  that  there  will 
le  a  development  along  that  line;  but  I  believe  that,  for 
aircraft  work,  the  12-cylinder  engine  will  be  used  in  in- 
creasing numbers  because  it  is  the  lightest  engine  in 
weight  per  horsepower  that  can  be  built. 

Question:-  The  use  of  cables  for  controls  on  airplanes 
has  been  almost  discontinued,  largely  because  of  the  ex- 
ceptional stiain  on  the  cable.  Why.  therefore,  do  you 
turn  to  cable  for  your  brakes  rather  than  to  the  bell- 
crank  as  used  in  aircraft  construction? 

Mr.  Vincent:— I  can  answer  that  best  by  saying  that 
we  do  not  have  the  same  sort  of%conditions  at  all,  al- 
though I  cannot  agree  with  the  statement  that  the  use  oi 
the  cable  for  aircraft  work  has  been  discontinued.  Then 
is  a  movement  in  that  direction,  but  the  problem  involved 
is  entirely  different  from  that  in  motor  cars.  In  the 
airplane  we  want  to  get  movement  in  both  directions; 
therefore,  we  have  to  run  cables  clear  around  and  thai 
creates  considerable  friction  in  itself.  We  want  to  get 
the  easiest  possible  control  on  the  airplane,  the 
touch.  That  is  very  different  from  just  pulling  on  the 
brake-shaft.  I  do  not  know  of  any  way  to  equalize 
brakes  simply  as  well  as  it  can  be  done  with  cables.  I 
do  not  say  that  that  is  the  ideal  way,  but  it  is  the  best 
way   I  know. 


CAUSES  OF  ACCIDENTAL  DEATHS 


I  the  committee  on   accident   prevention  of 

*  the  National  Safety  Council,  which  was  submitted  at  the 
1  tigress  at  Buffalo,  the  chairman  of  the 
committee.  Dr.  Lonil  I.  Dublin,  statistician  of  the  Metro- 
politan Life  Insurance  Co.,  had  the  following  to  say  about 
the  relative  seriousness  of  the  different  hazard-  principally 
I    r    fatal    accidents    in    thU    country     in    H 

The  committee  estimates  that  in  1922  14,000  deaths 
in  the  United  States  were  due  to  automobile  accidents 
alone.  In  1911  the  number  was  only  2061.  In  the 
preceding  year?  automobile  accident*  accounted  for  2.6 
ent  of  accidental  deaths.  In  1922  the  automobile 
wai  the  chief  cause  and  accounted  for  IS  per  cent  of 
the  total  accident  mortality  budget.  The  accompany- 
ing   table    presents    a    comparison    of    the    estimated 


CAUSES    \ND    ESTIMATED    Nl'MBKR   OF    ACCIDENTAL 
DEATHS 


L922     1921     1920     1911 

Accidental  burns 

6,009    6,362    8,088    7,214 

Accidental  drowning 

6,992    7,872    6,066    8,806 

Accidental  falls 

12.782  12,293  12,557  14,052 

Traumatism  by  machines 

Railroad  accidents 

6,883    6,362    7,769  12,179 

Automobile  accidents 

1837512,29311,067    2,061 

Street  car  accidents 

1,748    1,725    2,128    2,998 

All   fatal  accidents 

76,272  73,542  75,983  79,255 

fatalities  in  the  United  States  during  1922  and  for 
the  three  other  calendar  years  of  1911,  1920  and  1921. 
— Economic  World. 
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Research  Topics  and  Suggestions 

rWlHE  Research  Department  plans  to  present  under  this  heading  each   month  a  topic  that  is  pertinent  to  tht 
J.      general  field  of  automotive   research,  and  is  either  of  special  interest  to  some  group  of  the  Societij  member- 
ship or  related  to  some  particularly  urgent  problem  of  the  industry.    Since  the  object  of  the  department  is  to  act 
as  a  clearing-house  for  research  information,  ice  shall  be  pleased  to  receive  tl  i embers  regarding 

the  topics  so  presented,  and  tfa  'estions  <•-  to  what  might  be  of  interest  in  this  coi 

OBSERVATIONS  ON  THE  AUTOMOTIVE  AND 
HIGHWAY  FIELDS  IN  EUROPE 


TO  those  readers  of  The  Journal  who  are  interested  in 
the  many  new  developments  that  have  come  crowding 
upon  one  another's  heels  during  the  past  12  months  of  the 
automotive  industry's  history,  the  following  notes,  made 
more  or  less  at  random  in  the  course  of  a  short  trip  through 
Kngland,  France  and  Germany  this  summer,  may  be  of 
interest.  These  notes,  covering  aspects  of  the  industry 
that  seemed  most  interesting  to  an  American  observer,  are 
given  under  subject  headings  for  the  convenience  of  the 
reader. 

Highway   Construction    Methods   in   England 

Upon  the  subject  of  highway  construction,  the  observations 
of  Col.  R.  E.  Crompton.  equally  well  known  as  an  authority 
in  this  field  and  as  the  inventor  of  the  tanks,  were  of 
interest.  His  paper,  read  before  the  Institution  of  Mechan- 
ical Engineers  in  1916,  described  the  British  construction 
methods  with  great  thoroughness,  and  so  far  as  he  is  aware 
there  is  nothing  new  to  report  since  that  date.  His  partic- 
ular concern  at  the  present  time  is  for  the  support  of  the 
sides  of  macadam  roads  cross-tied  together  to  prevent  spread- 
ing. 

MACADAM     ROAD    SURFACING 

Colonel  Crompton  described  his  method  of  producing  a 
satisfactory  macadam  surface  when  the  roadbed  is  old  and 
solid.  This  is  somewhat  as  follows :  First  scarify  the  old 
surface,  taking  off  the  material  and  cleaning  it ;  then  add 
about  an  equal  amount  of  new  material  about  the  2-in. 
size  and  roll  into  a  compact  surface  between  the  side 
buttresses.  Put  over  these  a  layer  of  new  stone  about  % 
to  1  in.  in  size,  of  a  type  of  material  that  breaks  into  almond- 
shaped  pieces;  this  may  be  broken  from  some  of  the  old 
material.  This  is  brushed  to  get  it  to  stand  on  end  in  the 
interstices  of  the  larger  stones  and  then  rolled  hard.  Xext 
a  layer  of  asphalt  or  pitch  is  applied  to  consolidate  this 
surface,  after  which  a  %-iti.  layer  of  top  dressing  broken 
from  the  old  road  is  added.  Finally  this  is  put  down  with 
pitch  mixed  with  the  correct  amount  of  fine  material,  200 
mesh  or  so,  which  is,  as  well  as  not,  recovered  from  the 
old  road  material. 

For  British  service,  which  can  rely  upon  good  road  founda- 
tions and  where  there  is  still  much  heavy  steel  tire  traffic. 
Colonel  Crompton  thinks  roads  of  this  type  are  preferable 
to  cement.  The  latter  has  not  been  found  entirely  satis- 
factory, while  the  macadam  roads  made  as  above  have 
shown  remarkable  life.  He  also  has  a  plan  for  the  con- 
tinuous upkeep  of  such  roads,  which  he  estimates  to  be 
very  inexpensive,  perhaps  sixpence  per  square  yard,  and 
to  be  applied  only  once  in  2  or  3  years. 

HIGHWAY  UPKEEP  AT   TRIFLING  COST 

This  calls  for  a  train  of  vehicles  drawn  by  a  tractor  and 
covering  about  6  ft.  wide  at  a  speed  of  1  m.p.h.  First 
the  road  is  swept  clean,  then  comes  a  machine  to  spread 
the  surfacing  stone  of  V*  to  Vz  in.  in  size.  After  this  is 
spread  evenly,  a  tar-wagon  throwing  a  high-velocity  spray 
of  pitch  with  superheated  steam  into  the  stone  follows  and 
then  a  roller  or  two  that  compacts  the  whole.  If  this 
process    is    applied    at    reasonable    intervals,    he    thinks    the 


road  should  be  permanent.     This  seems   likely,  provided  the 
foundations    are   good. 

In  general  it  seems  that  much  of  the  difference  in  quality 
of  road  work  in  England  and  in  the  United  States  is  due 
to  a  great  difference  in  the  care,  skill  and  intelligence  of  the 
workmen  and  foremen  who  do  the  work  on  the  road. 
So  great  is  the  difference  between  British  and  American 
conditions  in  these  respects  that  the  difference  in  road 
due  to  this  cause  alone  may  easily  average  3  to   1. 

RUBBER  ROADS  FOR  QUIET  ZONES 

Another  noteworthy  item  was  a  sample  of  the  rubber 
road  that  is  being  laid  to  surround  the  Cenotaph  in  White- 
hall, the  object  being  the  reduction  of  noise  in  this  particular 
locality.  This  consists  of  a  concrete  brick  with  a  layer  of 
about  %-in.  of  rubber  vulcanized  all  over  it.  The  rubber 
is  very  hard,  much  more  so  than  tire  rubber.  The  surface 
of  the  concrete  has  pits  into  which  the  rubber  is  vulcanized 
to  add  to  the  adhesion.  This  type  of  road  is  found  very 
effective  in  the  neighborhood  of  hospitals.  Other  roads  of 
the  same  material  now  in  use  show  almost  no  measurable 
surface  wear,  and  long  life  is  predicted  for  this  com- 
paratively  thin   layer   of   rubber. 

London  General  Omnibus  Service  Plant 

At  the  Chiswick  works  of  the  London  General  Omnibus 
Co.  is  a  most  interesting  example  of  the  application  of  i-eal 
organized  production  methods  to  the  systematic  overhaul 
of  buses.  It  is  a  police  requirement  in  London  that  all 
public  service  vehicles  shall  be  taken  down  and  overhauled 
once  every  12  months.  Based  on  this  requirement  the 
system  described  below  has  been  worked  out. 

DISMANTLING    AND    OVERHAULING 

Every  morning,  about  25  buses  come  into  the  service 
plant.  First  the  bodv  is  removed  to  a  special  elevator, 
after  which  the  chassis  is  driven  around  to  the  take-down 
line,  while  the  body  is  taken  to  the  body  works.  In  the 
latter  section  the  entire  body  is  gone  over  for  repairs, 
replacements  or  necessary  modifications,  in  case  standard 
fitting  has  been  changed.  After  being  repaired  the  body 
is  entirely  repainted  from  the  surface  up.  in  three  coats. 
This  operation  requires  not  more  than  48  hr.  In  the  take- 
down line  the  chassis  is  completely  dismantled,  even  every 
brace  and  bracket  being  removed'  from  the  frame.  The 
only  bolted  parts  that  remain  are  the  bolted-in  cross 
members. 

The  engine  is  taken  off  at  one  distributing  center,  the 
transmission  at  another  and  the  rear  axle  at  a  third.  Each 
of  these  units  is  broken  down  to  the  very  last  piece  and 
the  dismantled  parts  are  then  passed  through  a  cleaner  in 
which  they  are  subjected  to  high-pressure  sprays  of  hot 
.austic  solution  that  remove  all  grease  and  dirt  and  leave 
all  parts  perfectly  clean,  except  the  pistons,  which  have  to  be 
freed  from  carbon  deposit.  These  cleaned  parts  are  then 
distributed  on  several  lines  of  rollers,  six  lines  being 
devoted  to  the  engine,  and  at  the  end  of  each  line  the 
parts  of  a  kind  are  fed  at  random,  each  into  its  own  repair 
or   receiving  line.     Here   each    part    is   inspected,   measured. 
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mark'  .indard    to    which    it    !. 

From   this  collecting   line   each 
part  rough   a    repair   lino   like   :i 

for    what,  -iry. 

KRCHANGBABLE  STANDARD  PARTS 

\  -p   feature   of   this   system    is.   that   each 

a      to    nine    or    more    standard 
Ml  efinishing  all  worn 
art  There   are    I  Sards    for   cyl- 

'.    and    each    pair    of   cylinders    that    la    worn    beyond 
number  •  dths  is  reground  and  burnished 

.    which    is    1    nm  7    in.t    larger 

Incidentally,  all  work  is  in  metric  sizes  except 
which   are   in  thousandths  of   an   inch.     For 
crar.-  -;ere    are    nine    different    standards,    each    0.5 

in.  i    smaller   than   the   last,   and   within   each 
■he   tatdy    interchangeable.     Toler- 
in.     The    finished    recovered    part 
:gh    to    an    assembling    line,    and    the    engines.    trans- 
axles    and    finally    the    entire    vehicles    arc 
assembled   in  the   usual   way.     The  chassis  goes  through   to 
atform  moving  at  the  rate  of  14  in.  per  min. 
\es   are    all    run-in    on   electric    stands,    as    i-    the   best 
em  engines. 
The    entire    proo  rapidly    that    it    is 

frame  that  goes  in  for  overhaul  in  the  morning 
me   out   the   same  night   in   a   complete   bus   and   go  on 
-'    the    next    day.     Of   course,    it    could    not 
and    some   of   the    parts   do    not    get 
me,  but  nem  do. 

REFIMSHING  OPERATIONS 

In   the    refinishing  operations,    such   as   regrinding  crank- 
shafts,  a   stock  of  each   standard   is   allowed   to   pile  up   at 
•hat   the   operatives  can   work    all   day   on  one 
-   of  time  in   setting  the  machines 
•rue  of  some  other  parts.     The  setting  of  the 
I    the   connecting-rod   bearings    is  interesting.     The 
into    the    bronzes,    which    are    put    into 
not  from   the  tinning  bath.     <>il-gr>-  .   are 

f  extra   metal   is   only   very    little. 
•■    cleaned    up   on    the   outside    and    when    mounted 
■  t-up   tight  and   reamed  on   a   special 
rean  to   a   burnisher.     This   tool    has   a    re 

•  ne  cutting  and  burnishing  edges  and  the  latter  are 

.  .11  cutting  edges.     This  brings  the  liners  to  a 

"     ■      .  handwork    is   done   (in   them 


and  the  fits  are  perfect,  A  special  set  of  guides  on  the 
reamer    insures   alignment. 

Cylinders   are   finished   by   hard    BteeJ   burnishing   rollers. 

It  is  claimed  that  this  process  adds  2  months  or  more  to  then 
life,  say  5000  mi  1. 

TESTING  THE  OVERHAULED  CHASSIS 

After  assembly  the  chassis  rolls  onto  a  pair  of  drums 
that  start  the  engine  through  the  rear  wheels  and  a  drivel 
takes  it  away.  This  driver,  who  is  a  special  inspector  and 
adjuster,  is  given  5'j  hr.  to  see  that  this  chassis  is  in  perfect 
shape  by  driving  it  around  a  test  track  on  the  grounds.  Hi 
makes  minor  adjustments  himself,  but  reports  back  defects 
other  than  these  to  the  repairs  department,  which  handles 
them.  Sometimes  these  inspectors  report  a  whole  she. 
minor  troubles.  Another  factor  that  makes  for  efficiency 
is  the  fact  that  the  system  itself  tend-  to  pit  one  group 
against  another  so  that  nothing  is  shirked.  Every  engine 
is  overhauled  once  between  the  general  annual  overhauls, 
that  it,  once  every  6  months,  and  this  is  done  with  the 
same  thoroughness  as  described  above.  On  the  average, 
it   takes   only  29  man-hours   to  do  this  job. 

A   REMARKABLY   CENTRALIZED   SYSTEM 

The  Company  has  some  30  garages  in  the  city  of  London 
and  operates  about  400(1  buses.  These  garages  make  minor 
adjustments  such  as  those  i  n  brakes,  but  hardly  any 
repairs.     In  fact,  hardly  anj  ssary.     The  main  units 

are  all  easily  removable  and  in  case  anything  goes  wrong 
the  garage  replaces  the  whole  unit,  be  it  engine  or  steering- 
gear,  and  sends  back  the  damaged  unit  to  the  main  repair 
>tation. 

MINIMUM    MAN  POWER   USED 

One  feature  of  the  plant  is  the  small  number  of  un- 
productive employes.  The  system  of  passing  work  along 
well  organized  that  no  man-power  is  used  for  it. 
The  office  staff  is  correspondingly  minimized.  Altog' 
about  2500  men  are  employed  at  the  plant.  Assuming  that 
the  Company  operates  4000  buses,  this  leaves  a  little  over 
one-half  a  man's  time  for  each  bus.  Since  each  bus  is  a 
•V.-passenger  vehicle  with  an  infinite  life,  the  upkeep  cost 
would  appear  to  be  very  reasonable.  The  expression 
•infinite  life"  is  used  to  convey  the  idea  that  there  is  no 
obsolescence,  except  for  scrapped  individual  parts.  Bus 
fares  in  London  vary  in  proportion  to  the  distance  traveled, 
hut   the  average   is   probably  less  than  5  cents. 


l'KODl  (    TION 


N'OTHING   rem 
.   ,n  nature  and  commerce.      Production   methods 
and  machine  Urol-   are  constantly  improving,  and   these   for- 
•  ase  the  value  of  their  products.     While  the  price 
,ue    for    money    i-    beil 
.   rapidly  fin'i  first 


in   the  field  reap  the  initial   advantage  of  the  new  methods. 
The  others,  finding  that  they  must  come  into  line  on  a  price 
basis,  under  the  compulsion  of  necessity  adopt  improvem 
in   production   without  experiencing  any  of  the   benefits  that 
o-d   to  the   fir  '  for  a   very  brief  period. —  Auto- 

,,. ,,),,!,   Engiiu 


THE  AUTOMOTIVE   IMHSTKY 


'HE   ma|  .  •    industry   is   well   illus- 

nt   publications   indicating  an   annual    pro- 
mately  $.'',,000,000,000,  while  petroleum,  the 

■      thirds 


of  that  figure,  and  the  cotton  industry  is  shown  with  ar. 
annual  output  of  just  about  40  per  cent  of  the  leader.  In 
the  insurance  world,   it  •    ond  only  to  the  principal  line, 

that  is,  fire  insurance.—  W.   B.   Burpee. 
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Research  an  Important  Factor  in  High- 
way Improvement 


THE  third  annual  meeting  of  the  Advisory  Board 
on  Highway  Research  of  the  National  Research 
Council  was  held  at  the  headquarters  of  the  Council 
in  the  City  of  Washington,  on  Nov.  8  and  9,  1923.  The 
fact  that  advances  in  engineering  knowledge  evolve  from 
investigation  in  new  fields  of  research  was  indicated  most 
clearly  by  the  report  of  Dr.  W.  K.  Hatt,  director  of  the 
Board.  In  contrasting  the  present  status  of  highway 
problems  with  that  which  obtained  only  3  years  ago, 
when  the  Advisory  Board  was  inaugurated,  he  left  no 
doubt  as  to  the  accomplishment  of  great  progress  during 
the  period. 

At  the  earlier  date  it  was  stated  that  no  engineer  could 
then  build  a  concrete,  bituminous  or  brick  road  with  any 


tractive  resistance,  which  functioned  under  the  leader- 
ship of  Major  Mark  L.  Ireland,  that  a  large  amount  of 
data  has  been  accumulated,  some  of  which  has  already 
been  distributed  in  preliminary  reports.  In  concluding 
his  report,  Dr.  Hatt  discussed  ways  and  means.  He  also 
enumerated  the  publications  issued  by  the  Board  and 
listed  the  public  addresses  of  the  director. 

Economic  Theory  of  Highway  Improvement 

Characterizing  the  committee  on  Economic  Theory  of 
highway  improvement  as  an  informal  association  of  men 
engaged  in  a  certain  line  of  research,  Chairman  T.  R. 
Agg  gave  a  brief  account  of  the  field  that  the  committee 
seeks  to  cover  and  the  progress  already  made.     Projects 


Some  of  Those  Who  Attended  the  Meeting  of  the  Advisory  Board  on   Highway   Rbsi 


certainty  that  it  would  carry  traffic  of  motor  trucks  un- 
der specified  conditions  without  breaking  rather  than 
gradually  wearing  under  the  loads  imposed  upon  it.  On 
the  other  hand,  the  experienced  highway  engineer  of 
today,  by  using  available  information,  can  choose  ma- 
terials and  design  the  section  with  reasonable  assurance 
that  it  will  withstand  the  specified  conditions  of  service. 

This  raises  the  question  of  the  adequate  analysis  and 
prompt  distribution  of  the  results  of  research,  two  ex- 
tremely important  factors  in  their  most  effective  applica- 
tion. Activities  of  the  Advisory  Board  in  disseminating 
such  material  in  published  form  and  otherwise  and  in 
helping  to  coordinate  the  work  of  various  research  agen- 
cies were  mentioned.  In  this  connection  it  was  suggested 
that  the  Board  might  well  inaugurate  an  information 
service  capable  of  maintaining  better  contact  between 
highway  engineers  and  the  sources  of  information. 

The  director  commented  upon  the  work  of  the  research 
committees  and  emphasized  the  desirability  of  making 
available  for  the  problems  of  the  Board  more  of  the  time 
and  energy  of  the  workers  whose  activities  are  now  neces- 
sarily directed  only  in  part  to  Board  matters. 

Doctor  Hatt  reviewed  briefly  the  activities  during  the 
year  of  the  various  research  committees  and  discussed 
the  cooperative  relations  existing  between  the  Advisory 
Board  and  other  organizations,  which  number  about  nine, 
including   the    Society    of    Automotive    Engineers. 

It  was   stated    in   a   report   of  the   sub-committee   on 


on  which  results  have  been  published,  or  are  in  process 
of  publication,  are  truck  performance  on  grades,  rolling 
resistance  and  related  characteristics  of  roadway  sur- 
faces, cost  of  motor-vehicle  operation,  economics  of  high- 
way grades  and  quartermaster  tractive  resistance  of 
roads  research.  Projects  in  progress  include  wind  re- 
sistance of  motor  vehicles,  relation  of  road  type  to  tire 
wear  and  further  investigation  on  the  first  three  topics 
above. 

Research  on  Tires 

The  work  described  in  this  report  was  carried  on  at  the 
Bureau  of  Standards  with  a  view  to  establishing  a  better 
basis  for  tire  purchases.  The  chief  problems  in  connec- 
tion with  tires  were  mentioned,  a  laboratory  endurance 
testing  machine  was  described  and  a  series  of  tests  out- 
lined which  would  be  of  value  to  the  Government  in 
making  purchases  and  to  manufacturers  in  determining 
a  standard  test  for  the  tire  industry  in  general. 

Deceleration  Tests  of  Automobiles 

Recent  developments  in  the  measurement  of  braking 
characteristics  of  automobiles  were  discussed  by  W.  S. 
James  of  the  Bureau  of  Standards.  The  interesting 
features  of  a  new  decelerometer,  described  in  detail  in 
this  issue  of  The  Journal  on  p.  499  were  explained. 
Tests  with  this  instrument  have  shown  that  high  tire- 
pressure    is    an    important   factor    in   causing    irregular 
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ping       A  iture   of    the   tests    to   de- 

tenu on  surfaces  ranging  from 

plati  :mul  was  that  in  all  cases  except  on  muddy 

■•  r  for  sliding  than  for 

that    the   highest    coefficient    «;i- 

plate   glass       Mr.    James    stated    that    his    in- 

d  method  offer  a  convenient  means  for  an 

,  heck   the   condition   of   brakes   on   any    car. 

Furthermore,   this   method   might    serve   as   a   basis   for 

•  ation    regarding    brake   capacity. 

Structural  Design 

A  T.  Goldl>eck.  chairman  of  the  committee  on  struc- 
tural highways,  reported  research  work  on 
the  subgrade.  which  comprised  capillary  moisture  ti 

-mg  of  apparatus  -  under  many 

subgrade  conditions,    including   a    new   slaking    test    and 

i  for  making  soil  cylinders;  the  determina- 

iifferent  physical   properties  of  soils  at   vai 

ind  under  various  conditions;   information   upon 

colloids    in   clays;    data   on    13   clays    from    10   different 

.n   Ohio  -   the   Bureau   of   Publii     R 

having  as  their  aim  the  standardization  of  physical 

for   subgrade   material,    the    determination    of  effi- 

:mixtures   and    tests    to   determine    the    laws 

•isture  in  the  subgrade.    Other  subjects  mentioned 

•:e   report    were    principles    and    methods    for    sand- 

..-   :   semi-gravel  road  construction;   forces 

avements   resulting  from  traffic;  conclusions  drawn 

from   the   Pittsburgh   and    from   the    Bates   road    tests; 

and    a    theoretical    analy-  -esses    in    road    slabs: 

The  report  included  26  topics  suggested  for  further  re- 

h. 

Mechanics  of  Stiff  Road-Slabs 

The    behavior    ••!    road    slabs    when    supported    on    an 
ibgrade  and  loaded   in   different   ways  was   dis- 
ed   by   Dr.    H.    M.    Westergaard,   of   the   University 
bo  has   made  a  mathematical   study   of  the 
■    t.     He   showed   equations  and   curves   illustrating 
the  distribution  of  stress  in  various  types  of  slab  under 
.buted  and  concentrated  loads  applied  at  the  edges 
and   also   at    the   center.      It    was    evident    from    Doctor 
sard's    mathematical    treatment    that    it    offered 
ring    numerous    problems    of    con- 
road  design. 

Character  and  Usi  ok  Road  Materials 

EL   S.   Mattimore,  chairman  of  the  committee   .,n    thi 
.icter  and   use  of    road    materials,   listed    in    his    re- 
port the   12   problems   undertaken   ami   Btated    brieflj 
progress   made   in   each  case.      Among   the   definite   ion- 
reached  .  ilt  of  this  investigation   were 
the  following: 

.•■      •   Cortland  cement  concrete  varies  with 
lal  lolid  material  present  in  a  given 
ind  with  the  relative  part-  of  tin-  volume  that 
.  .  Other    conditioi 
imtf  of  U  nas  a  decided 

•  r  that   cfl  I    to 

I  'hen  tested   in 

the  in  rtrength   f 

that  wr 

OBJECTIVES    of     HlGHWAl     RESEARCH 

Thomas    H     MacDonald,   director   of   the    Bureau 

Publ  ed  a  brief  address  on  th> 

of     '  f     Highway  He     strongly 

emphasized    tl  idy   on   the    basic   problems 

of  highway   design   ;■  ted    r<.   numerous    instances 


in  which  the  results  of  apparently  insignificant  re- 
lie.-  have  contributed  to  success  in  various  en- 
gineering lines.  He  called  attention  to  the  immense 
field  still  left  unexplored.  In  connection  with  the  prob 
lems  of  highway  transportation,  he  made  a  plea  for  a 
better  recognition  on  the  part  of  the  public  authorities 
of  the   importance  of  research    in   this   general   field. 

1  wi>  Grani  Colleges  Cooperate 

Anson  Marston,  dean  of  Iowa  State  College,  presented 
two  reports  on  behalf  of  the  Association  of  Land  Grant 
Colleges.  He  pointed  to  the  great  advantages  offered 
by  these  institutions  for  research  work  on  highways  and 
mentioned  the  fact  that  in  1923  they  have  expended 
about  $550,000  in  engineering  research.  Furthermore, 
he  stated  that  research  on  highways  has  been  under- 
taken   in    the   colleges    of   2-1    of   the    States. 

iiit.nw  \>  Fin  w  1 

After  enumerating  some  of  the  economic  and  social 
advantages  resulting  from  highway  improvements  and 
mentioning  the  chief  faults  in  present  methods  of  high- 
way financing,  .Mr.  .1.  G.  McKay,  chairman  of  the  com- 
mittee on  highway  finance,  named  six  chief  sources  of 
funds  for  this  work,  recommended  the  budget  system 
and  gave  as  the  two  distinct  problems  involved  in  high- 
wax-  finance:  (a)  an  equitable  distribution  of  the  cost 
among  the  several  sources  of  revenue  and  (6)  the  ques- 
tion of  the  use  of  credit.  He  stated  the  conclusions 
based  on  the  analysis  of  the  sources  and  expenditures 
of  highway  funds  in  four  representative  counties  and 
named  three  courses  that  may  be  followed  in  reducing 
real  property  taxation  for  highway  improvements, advanc- 
ing the  opinion  that  where  increased  revenue  is  needed, 
it  should  come  from  the  highway  user  whose  demand  for 
highway  service  is  largely  responsible  for  highway  im- 
provements. 

Highway   Research   in  North  Carolina 

Charles  M.  Cpham.  State  highway  engineer  of  Ni 
Carolina,  gave  a  verj  interesting  illustrated  talk,  ex- 
plaining the  methods  used  in  the  State  of  North 
Carolina  to  overcome  the  serious  difficulties  encountered 
in  the  demand  for  reasonably  satisfactory  highways  in 
a  State  where  the  taxable  property  and  the  funds  avail- 
able tor  construction  are  extremely  limited.  In  con- 
trast with  early  primitive  conditions  in  his  State,  he 
showed  a  number  of  apparently  well-constructed  and 
satisfactory  modern  highways,  the  methods  of  con 
of  which  were  interesting  for  their  unusual 
character.  One  type  of  road  consisted  of  nothing  other 
than  the  native  sand  with  a  comparatively  small  amount 
of  bituminous  binder,  the  road  being  built-up  by  careful 
processes  thai  result  in  a  very  satisfactory  highway. 
It  was  demonstrated  that  good  results  can  be  obtained 
by  the  application  of  ingenuity  and  originality  where 
conditions  render  the  usual  methods  of  construction 
impossible. 

Highway  Traffic  Analysis 

The  importance  to  highway  engineers  of  the  traffli 
us  and  transport  survey  were  brought  out  in  the 
report  of  (i.  E.  Hamlin,  chairman  of  committee  4  on 
highway  traffic  analysis.  In  emphasizing  the  differ- 
between  the  census  and  the  survey,  Mr.  Hamlin  stated 
that  the  former  gives  information  pertaining  to  tin- 
traffic    using    the    highway    at    the    time    the    censu 
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Photoelastic  Method  Applied  to 
Rigid-Airship  Research 


By  Thomas  H.  Frost1 


I II  ii. ft  rated  liitli  PHOTOGRAPHS 


THE  photoelastic  method,  concerning  which  extracts 
have  been  published3  previously,  is  an  optical 
method  for  the  determination  of  stresses  in  all 
types  of  structures.  A  model  of  the  structure,  made  of 
seme  transparent  isotropic  material,  is  subjected  to 
stress  under  polarized  light.  The  resulting  image  when 
projected  on  a  screen  is  highly  colored  because  of  the 
temporary  birefracting  power  of  the  material  when 
stressed.  Analysis  of  these  colors  determines  in  most 
problems  the  existing  stresses  within  an  error  of  from 
2  to  5  per  cent.  This  photoelastic  method,  though  ap- 
plicable to  all  structural  problems,  realizes  its  greatest 
importance  when  used  for  determinations  of  stress  in 
mathematically  indeterminate  structures  of  which  rigid 
airships  are  an  extreme  example. 

In  the  design  of  rigid  airships,  a  problem  utterly  dif- 
ferent in  many  respects  from  all  other  types  of  con- 
struction, it  becomes  necessary  for  the  engineer  to  de- 
part radically  from  the  more  or  less  conventional 
methods.  Naturally,  the  primary  requirement  that  al- 
ways must  be  kept  in  mind  during  calculation  is  the 
saving  in  weight  wherever  this  is  possible. 

To  effect  this  saving  a  peculiar  combination  of  girders 
and  steel  wires  has  been  adopted.  The  lightest  structural 
metal  obtainable,  duralumin,  is  used  throughout,  and  the 
factor  of  safety  has  been  cut  down  to  a  figure  that  would 
be  instantly  condemned  in  any  other  field  of  engineering. 
Considering  these  facts,  it  becomes  apparent  at  once  that 
extreme  accuracy  of  design  and  calculation  and  perfect 
construction  are  vital  for  the  safety  of  the  ship. 

The  design  of  the  new  Navy  dirigible,  the  ZR-1.  which 


1  Resident  associate  in  photoelasticity.  physics  department.  Massa- 
chusetts  Institute  of  Technology.    Cambridge.    Mass. 
-'See  The  Journal.  October.  1920.  n.   393. 


Fig.    1— S 


idf    View    of   the   Model   of   the    ZR    1    on    Which    the 
Tests  "Were    Made 


Fig.   2 — The  Model  ix   Place  in   the  Loading  Frame 

was  constructed  at  Philadelphia,  and  Lakehurst,  N.  J., 
has  been  based  on  the  German  Zeppelin,  L-49,  captured 
by  the  French  in  1917.  While  the  ship  was  under  con- 
struction, the  Bureau  of  Aeronautics  of  the  Navy  De- 
partment decided  to  carry  out  photoelastic  tests  at  the 
Massachusetts  Institute  of  Technology,  to  determine  the 
.-tress  distribution  with  the  ship  in  flight.  This  work 
has  been  carried  out  by  Dr.  Paul  Heymans,  assistant 
professor  of  theoretical  physics,  who  established  the 
photoelastic  laboratory,  and  myself,  in  cooperation  with 
the  Bureau  of  Aeronautics  through  C.  P.  Burgess, 
aeronautical  expert  for  the  Navy  Department. 

The  Model 

The  model  shown  in  Fig.  1  embraces  the  seven  central 
frame-spaces  of  the  ZR-1  and  is  constructed  on  a  scale 
cf  approximately  1  to  33  of  the  actual  dimensions  of 
the  ship.  The  individual  girders  are  not  triangular 
lattice-work  as  in  the  actual  ship,  but  are  plain  rectangu- 
lar sections  that  have  been  calculated  under  imposed 
conditions  of  elastic  similarity,  to  assure  the  same  dis- 
tribution of  stress  when  the  model  is  loaded  that  would 
arise  in  the  actual  ship  under  flight  conditions.  The 
girders  of  the  model  are  made  of  pyralin,  a  transparent 
material  of  camphorated  nitro-cellulose  base,  to  allow 
the  free  passage  of  a  beam  of  polarized  light. 

On  account  of  the  change  of  shape  of  the  girders  for 
the  model,  the  joint  system  used  in  the  actual  ship  could 
not  be  used  in  the  model.  A  system  of  bolts  and  angle- 
plates  was  devised  to  assure  rigid  joining. 

The  wires  of  the  longitudinal-shear  w-iring  system 
must  be  placed  under  certain  known  initial  tension  dur- 
ing the  construction  of  the  ship.     In  the  model,  since 
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of  different  nature  were  to  be  carried  out, 

vame  necessary  not   only  to  place  the  shear   \\ 

under   known    initial    tension,    but    also   to   provide    for 

ging  this  tension  at  will.     In  order  that  this  could 

be  done,  the  terminals  of  the  wires  were  passed  through 

-   in  the  ends  of  small  tapered  pins  thai   fitted   into 

-   in  the  small  steel  hardened  plates  cover- 

•he  joints.     The  pins  were  turned  with  a  key,  with 

•   that  the  wires  could  be  stressed  in  much  the 

••  manner  as   a  violin   is   tuned.     The  determination 

loads   was  accomplished  by  a  small   Larson 

■meter   that    was   specially    made   for   these    experi- 

me: 

The  model  was  placed  in  the  loading  frame,  shown  in 

2.  the  inner  section  of  which,  containing  the  model, 

•     -Aung   through   any   desired   angle.     This,   of 

-e.  made  it  possible  to  pass  the  beam  of  light,  which 

remained    in   a    horizontal    plane,    through    any    desired 

-   tudinal  girder. 

The   loading  of  the   model   has,   in   most    cases,    been 


simulated    by    dead   weights    suitably    disposed    about    the 

framework.  To  represent  the  gas-pressure  forces  from 
which  a  considerable  fraction  of  the  existing  secondary 
stresses  arise  in  the  actual  ship,  the  model  was  equipped 
with  water-tight  bags  in  the  three  central  frame-spa 
which  were  filled  with  water  while  the  model  was  in 
an  inverted  position,  keel  upward.  The  model  has  been 
tested  during  the  last  4  months  for  various  stress  con- 
ditions corresponding  to  positions  of  the  ship  in  flight. 
This  investigation,  which  may  without  exaggeration 
be  said  to  be  the  largest  photoelastic  stress  determination 
yet  attempted  and  the  only  one  of  its  kind,  is  the  first 
of  a  large  series  to  be  carried  out  at  the  Massachussets 
Institute  of  Technology.  Since  the  establishment  of  the 
laboratory  by  Dr.  Heymans,  the  volume  of  the  work 
handled  has  been  steadily  increasing.  At  the  present 
time  steps  are  being  taken  to  duplicate  the  present  ap- 
paratus so  that  the  laboratory  can  cope  with  the  large 
number  of  problems  presented  by  industrial  organi- 
zations. 


THE  PRICE  OE  WHEAT 


THE  price  of  wheat   from  day  to  day   in  central   markets 
:'  world  opinion  as  to   its   value,   with  all 
factors  in  the  situation  taken   into  account.     The  local  mar- 
•vhere  the  farmers  sell  are  more  restricted,  but  the  daily 
papers  carry  the  quota-  |  he  central  markets  to  every 

-■>?  and  farm,  and  the  local  markets  are  not  likely  to  be 
far  out  of  line.  Moreover,  the  task  of  moving  the  crop  from 
the  farms  to  the  central  markets  is  quite  distinct  and  dif- 
ferent from  that  of  attempting  to  control  the  latter.  The 
farmers'  cooperative  elevators  can  operate  with  little  risk 
because  they  have  the  hedging  facilities  of  the  central  mar- 
but  when  the  farmer  sets  out  to  operate  independently 
markets,  or  to  control  the  markets,  he  takes  his  place 
with  the  other  speculators,  with  possibly  one  economic  factor 
in   his  fa-  .t,  ability  to  carry  his   own  wheat   in  his 

own   frranary   at   lower   cost   than    it  can    be   carried    in    the 
centi 

course,  there  is  no  reason   why   the   farmer  should  not 
make  the   most  of  this  single  advantage  which   he  has  over 
peculators,  whenever  prices  fall  below  the  normal  level 
indicated   by   productioi  on    safe   ground   there, 

and  the  stabilizing  influence  of  farm   I  would  be  bene- 

ficial to  the  mark-  ible,  however,  that 

it  >.n    of    far'  matter    how    many   are    in- 

an   adjust    pri  lit   supply   and   demand 

as    readily    and    effectually    a-    the    ;  stem    of    free 

trading  d'  nen  can  fix  the  market 

'  a  world  commodity.     That   id 
If  too  much   wheat  is  being   grown,   production   should    I" 
reduced,  but  that   .  d  by  having  each   indi- 


vidual producer  free  to  adapt  his  policies  to  his  own  condi- 
tions, rather  than  by  having  every  producer  reduce  his 
acreage  in  accordance  with  instructions  from  headquarters. 
In  the  first  place,  the  officials  at  headquarters  are  fallible 
and  may  blunder.  In  the  second  place,  all  farmers  are  not 
growing  wheat  under  the  same  conditions  or  at  the  same 
cost.  All  the  Government  inquiries  into  the  cost  of  grow- 
ing wheat  have  shown  a  wide  range  of  variations.  All 
farms  are  not  equally  suitable  for  growing  wheat;  some 
can  be  shifted  to  various  crops  more  advantageously  than 
others.  Some  farmers  have  help  enough  within  their  fam- 
ilies to  farm  all  the  land  they  have,  while  others  are  obliged 
to  hire  help,  and  there  are  other  conditions  which  may  have 
bearing   upon   the   advisability   of   curtailment    in    individual 

The  chief  cause  of  agricultural  distress  today  is  not   low 
prices    for    agricultural    products,    most    of    which   are    above 
the  pre-war  level,  but  the  arbitrary  and  short-sighted  action 
of  labor  organizations  in   maintaining  the  cost  of  the  goods 
and  services  which  the  farmer  must  buy  far  above  the  pre- 
war level,  and  in  unfair  relations  to  the  prices  of  his  pro.l- 
ucts.   The  farmers  may  hold  conferences  until  doomsday  with- 
out getting  any  relief  unless  that  disparity  is  reduced.     Tie' 
entire    issue    at   last    is   over  the   terms   upon    which   tin 
change  of  services  shall  be  made.     The  advantage-  of  gi 
bargaining  to  employes  would  be  almost  wholly  lost  if  the 
compensation    of    all    workers,    including    farmers,    was    ad 
earned  at  once.     There  are  practically  no  gain-  except  what 
they  are  clever  enough  to  get  at  the  expense  of  each  other. — 
National  City  Bank. 
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Illustrated  with  Photograph-  and  Chart 


THE  application  of  the  brakes  of  a  moving  car  re- 
sults in  a  reduction  of  speed.  The  reduction  in 
speed  is  obviously  the  result  of  a  force  opposite 
to  the  direction  of  motion.  The  rate  at  which  the  ear 
slows  down  is  directly  proportional  to  the  retarding 
force.  If  the  car  is  moving  at  a  speed  of  20  m.p.h.  when 
the  brakes  are  applied,  and  the  rate  of  slowing  down  is 
10  m.p.h.  in  every  second  the  car  will  come  to  a  stop  in 
2  sec. ;  if  it  is  slowing  down  at  the  rate  of  5  m.p.h.  per 
sec,  it  will  stop  in  4  sec.  The  retarding  force  in  the 
first  instance  will  have  been  twice  that  in  the  second. 
If  the  rate  of  slowing  down  remains  constant  the  dis- 
tance the  car  will  travel  before  coming  to  rest  will  be 
the  product  of  the  time  required  to  stop  and  the  average 
speed  of  the  car  during  this  time.  The  average  speed 
during  the  stop  in  the  two  cases  mentioned  will  be  10 
m.p.h.,  an  initial  speed  of  20  m.p.h.,  a  final  speed  of  0 
m.p.h.  and  a  linear  change  of  speed  with  the  time.  As 
10  m.p.h.  is  approximately  15  ft.  per  sec.  the  car  will 
stop  in  30  ft.  in  the  first  case  and  in  60  ft.  in  the  second. 
It  will  be  seen  at  once  that  the  rate  of  slowing  down  is 
directly  proportional  and  the  distance  required  for  a 
stop  from  a  given  speed  is  inversely  proportional  to  the 
magnitude  of  the  retarding  force. 

It  is  also  known  that  the  retarding  force  required  to 
slow  down  a  car  weighing  4000  lb.  at  a  given  rate  is 
twice  that  required  to  slow  down  at  the  same  rate  a 
car  weighing  2000  lb.  It  is,  therefore,  obvious  that  to 
stop  a  4000-lb.  car  in  30  ft.  from  20  m.p.h.  will  require 


1  Published    by    permission    of     the    Director    of    the    Bureau    of 
Standards. 

M.S.A.E. — Physicist.    Bureau  of   Standards,   City   of  Washington. 


twice  the  force  necessary  to  stop  a  2000-lb.  car  in  the 
same  distance  from  the  same  initial  speed.  The  retard- 
ing force  per  pound  or  per  1000  lb.  of  car  weight  is, 
however,  the  same  with  both  the  heavy  and  the  light 
car,  and  results  in  identical  stopping  distances  and  rates 
of  speed  reduction.  The  above  relations  follow  directly 
from  Newton's  second  law  of  motion  on  the  principle  of 
the  conservation  of  energy. 

From  the  foregoing  it  will  be  seen  that  the  effective- 
ness of  automobile  brakes  can  be  measured  directly  by 
the  braking  force  per  unit  of  car  weight,  per  pound,  per 
1000  lb.  or  per  ton  of  car  weight.  The  brake  decelero- 
meter designed  at  the  Bureau  of  Standards  is  con- 
structed in  such  a  manner  as  to  measure  the  braking 
force  per  unit  of  car  weight.  It  consists  essentially  of  a 
small  bob-weight  mounted  at  the  upper  end  of  a  stiff 
flat  spring.  The  spring  is  mounted  vertically  in  the  base 
of  the  instrument  which  is  placed  on  the  floor  of  the 
car  so  that  the  spring  will  deflect  in  the  line  of  motion 
of  the  car.  When  a  braking  force  is  applied  to  the  car 
a  portion  of  this  force  is  transmitted  by  the  spring  from 
the  base  of  the  instrument  to  the  bob  above  it.  This 
force  is  the  same  fraction  of  the  total  braking  force  as 
the  mass  of  the  suspended  bob  is  of  the  total  mass  of 
the  car.  The  force  on  the  bob  per  unit  of  its  weight 
is  the  same  as  the  force  on  the  car  per  unit  of  its  weight. 
The  spring  is  deflected  an  amount  proportional  to  the 
force  transmitted  through  it.  The  deflection  of  the  spring 
is  magnified  by  a  lever  system  and  calibrated  by  applying 
known  forces  per  unit  of  weight  of  the  bob  and  the  in- 
strument graduated  in  the  desired  units,  pounds  of  force 
per  1000  lb.  of  car  weight,  rate  of  stopping  in  feet  per 


Fig  1. — The   Bureau   of   Standards   Decelerometer   Disassembled 
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-peed. 
partial!]  mbled  view  of  the  instru- 

ment   fitted    with    a    recording    attachment.      The    bob- 
weight  B  is  supported  above  the  stiff  spring   '/..  which 
gidry  mounted   in  the   base-plate.     When   placed   mi 
the   floor   of   a   tar   the    l<  the    base-plate    is 

.lei  to  the  line  of  motion  of  the  car.  The  deflection 
of  the  spring  Z  is  magnified  by  the  stiff  rod  supporting 
the  bob  and  the  recording  pen  linkage  V.  The  latter  is 
supported  by  a  cylindrical  housing  G  that  is  screwed 
on  the  base-plate,  and  engages  a  short  pin  mounted  on 
the  end  of  the  arm  supporting  the  bob.  The  motion  of 
•he  bob  is  damped  by  vanes  11'  inserted  in  it  and  moving 
in  oil-filled  dashpots  /'. 

The  portion  of  the  instrument  just  described  is  all  that 
would  be  required  for  an  indicating  instrument.  The 
recording  mechanism  was  added  for  the  purpose  of  a 
detailed  study  of  brakes.     By  this  means  the  deflect 

e  spring,  as  magnified  by  the  multiplying  system, 
are  recorded  on  an  unruled  ~heet  of  paper  unwinding 
from  a  roll  and  drawn  over  a  flat  recording  table  by  a 
o-volt  motor  D  that  drives  the  roller  Q  through  a  worm 
and  wormwheel  and  a  belt.  The  paper  feeds  between  the 
roller  Q  and  an  idler  roller  pres.-ed  against  it  by  springs. 
To   obtain  a  time  scale  on   the   records   the  pen    V 


mounted  at  one  side  of  the  recording  tool  and  made  to 
swing  through  a  short  arc.  about  1  Hi  in.,  by  a  small 
cam  and  follower  shown  at  A  in  the  illustration  mounted 
on  the  shaft  of  another  6-volt  motor  E.     The  motion  of 
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the  cam-follower  is  transmitted  to  the  pen  U  by  a  line 
te<     wire  passing  over  the  pulley  C.     The  number  ol 

ilations  of  the  timing  pen  per  second  is  obtained  bj 
a  tachemeter  driven   from  the  shaft   of  the  motor  K. 

The  method  used  to  read  the  records  is  illustrated  in 
Fig.  2.  A  transparent  template  is  made  by  marking 
upon    a    piece    of    celluloid    the    an-    through    which    the 

recording  pen  ••    and  the  position  of  the  two  fixed 
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pens  R  and  S  shown  in  Fig.  1.  These  pens  draw  the 
reference  lines  as  shown  in  Fig.  2  and  the  template  is 
oriented  on  the  record  so  as  to  bring  their  respective 
locations,  as  marked  on  the  template  by  small  crosses, 
over  the  lines  drawn  by  the  fixed  pens.  The  intersection 
of  the  arc  of  the  recording  pen  with  the  record  gives 
the  reading  of  the  instrument  in  terms  of  the  values 
marked  upon  the  template.  The  graduations  shown  on 
the  template  in  Fig.  2  are  in  feet  per  second  per  second. 
The  time  record  is  the  wavy  line  near  the  edge  of  the 
paper  and  in  this  instance  a  swing  of  the  timing  pen 
occurred  every  0.05  sec. 

The  method  of  calibration  of  the  instrument  is  illus- 
trated in  Fig  3.  A  vernier  protractor  L  fitted  with  a 
sensitive  level  bubble  K  is  mounted  on  the  base  of  the 
instrument.  The  instrument  is  first  leveled  and  the  pro- 
tractor arm  swung  to  a  horizontal  position  as  indicated 
by  the  level.  The  protractor  is  then  read  and  the  paper 
run  for  a  few  seconds  to  obtain  the  position  of  the 
recording  pen  with  reference  to  the  fixed  pens.  The  in- 
strument is  then  tilted  through  an  angle,  the  protractor 
arm  again  leveled  and  the  paper  run  for  a  few  seconds. 
The  protractor  readings  give  the  angle  through  which 
the  instrument  has  been  tilted  and  the  records  on  the 
paper  the  corresponding  position  of  the  recording  pen. 
The  sine  of  the  angle  of  tilt  is  the  force  applied  to  the 
weight  in  pounds  per  pound  or  if  multiplied  by  1000  the 
pounds  per  1000  lb.  of  car  weight.  If  the  calibration 
is  desired  in  feet  per  second  per  second,  the  value  for 
any  angle  of  tilt  is  obtained  by  multiplying  the  sine  of 
the  angle  of  tilt  by  the  acceleration  of  gravity. 

To  obtain  a  record  it  is  only  necessary  to  press  a  but- 
ton switch,  thereby  starting  the  paper-drive  and  timing- 
pen  motors. 

The  relations  between  the  distance  required  to  stop 
s  in  feet,  the  initial  car-speed  v  in  miles  per  hour  and 
(«)  the  rate  of  slowing  down  in  feet  per  second  per  sec- 
ond a,  (b)  the  rate  of  slowing  down  in  miles  per  hour  per 


second  A,  (c)  the  retarding  force  in  pounds  per  pound  F„ 
(d)  the  retarding  force  in  pounds  per  1000  lb.  of  car 
weight  Ft  and  (e)  the  retarding  force  in  pounds  per  ton 
of  car  weight  F  are  given  in  the  following  equations: 


*  =  1.08  r    a 
s  =  0.735  v'/A 
s  =  0.0336  v'/F, 
s  =  33.6  v'/F, 
s  =  67.2  v'/F, 


(1) 
(2) 
(3) 
(4) 
(5) 


A  plot  of  equation  (1)  is  given  in  Fig.  4.  Similar 
plots  can  be  made  to  show  graphically  the  other  four 
relations. 

If  either  rate  of  retardation  or  the  retarding  force 
per  unit  of  car  weight  is  known  the  distance  within 
which  a  stop  could  be  made  if  the  initial  speed  were 
20  m.p.h.  can  be  found  from  the  following  relations 
which  were  obtained  by  substituting  20  m.p.h.  for  v 
in  equations    (1)    to    (5) 


s  =  432/a 
s  —  294/ A 
s  =  13.44/F, 
s  =  13,440  >F 
s  =  26,880/F, 


(6) 
(7) 
(8) 
O) 
(10) 


Judging  from  250  records  obtained  with  the  record- 
ing decelerometer  described,  with  about  35  different 
cars  representing  22  different  makes,  of  which  the 
record  shown  in  Fig.  2  is  typical,  it  is  believed  that 
the  rate  of  retardation  or  the  retarding  force  per  unit 
of  car  weight  is  sufficiently  independent  of  the  car  speed 
to  make  the  use  of  an  indicating  decelerometer  practic- 
able for  the  inspection  of  the  condition  of  automobile 
brakes  by  the  traffic  authorities  of  large  cities. 
A  simple,  rugged  and  portable  decelerometer  graduated 
to  read  in  "feet  to  stop  from  20  m.p.h."  is  now  being 
built  at  the  Bureau  of  Standards  to  illustrate  further 
the  practicability  of  this  method  for  inspecting  the  con- 
dition of  automobile  brakes. 


THE  DIESEL  ENGINE  IN  THE  YACHTING  FIELD 

(Concluded  from  p.  452) 


direction.  Each  problem  is  absolutely  by  itself  and  a 
general  statement  cannot  be  made. 

Chairman  L.  C.  Hill: — An  interesting  letter  was 
received  recently  at  the  office  of  the  Society  complaining 
about  a  practice  that  the  writer  said  had  been  followed 
in  the  motorboat  trade  for  a  number  of  years  and  is 
being  followed  today.  He  referred  to  the  publication 
of  inaccurate  horsepower  curves  in  motorboat  magazines. 
Unfortunately,  these  curves  are  relied  upon  to  design 
the  lines  of  a  ship  and  to  select  its  propeller  and  its 
powerplant  unit.  It  is  often  impossible  in  practice  to 
come  within  10  per  cent  of  the  horsepower  curve  any- 
where throughout  its  length  and  in  some  cases  it  is 
necessary  to  rebuild  the  engine  framing  and  re-design 
hulls  that  are  three-quarters  complete.  Is  not  the  publi- 
cation of  those  curves  bad  practice? 

Mr.  Colley: — I  agree  that  the  gentleman's  complaint 
is  justified,  except  that  I  think  most  naval  architects 
have  made  it  a  point  for  the  last  5  or  6  years  to  take 
from  10  to  15  per  cent  off  the  engine  builder's  curve  and 
then  suit  the  wheel  to  that  condition  to  give  a  factor 


of  safety  for  contingencies.  As  a  matter  of  fact,  our 
company  makes  it  a  practice  to  give  figures  about  10  tc 
15  per  cent  low.  In  most  shops  no  two  boats  are  alike 
and  allowance  must  be  made  for  w:eather  conditions, 
skin-surface  conditions  and  the  various  other  things 
that  affect  the  operation  of  a  boat  when  it  is  placed  in 
service. 

L.  G.  NilsoN: — At  one  meeting  of  the  Society  a  num- 
ber of  years  ago  I  suggested  that  we  stop  using  the 
term  "horsepower"  and  designate  engines  by  their  bore 
and  stroke. 

Chairman  Hill: — I  notice  that  the  motorboat  indus- 
try still  continues  to  say  that  an  engine  is  rated  at  a 
certain  S.  A.  E.  horsepower.  There  is  no  such  thing 
as  S.  A.  E.  horsepower.  The  Society  has  no  formula 
for  horsepower  and  never  has  had  one.  The  formula  used 
was  carried  over  from  the  old  Association  of  Licensed 
Automobile  Manufacturers'  and  at  the  time  that  organi- 
zation went  out  of  existence  it  was  changed  to  the  N.  A. 
C.  C.  formula,  taking  its  name  from  the  National  Auto- 
mobile  Chamber  of  Commerce. 
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Criticism  of  all  tentative  reports 

should  be  sent  to  the  Standards 
Committee  in  care  o(  the  Society 


\MH1H    W    -I  \M)AK1)S    NEEDED 


h    I-   Nhii    Sponsor  lor  Seven    National  Sectional 
t  otnmittees 

technical  societies  ami  trade  organisations 

f  which   it  is  known  that  at    least   800  are 

n    standardization,    it    will    be    appreciated     that 

:ardization  activities  must  be  coordinated  if  a  needless 

ipping  of  standards   shall   not   occur.     Thi<   is   of  com- 

f   technical    importance,    as    condil 

front  a  producer  of  a   material  in  which  a  certain 

•  uld  be  acceptable  in  one  industry  an. I 

r,   even   though  the   real   requirements   of   both 

:  be  identical. 

emedy  this  condition,  standards  must  In-  standardized. 

:    ish  this,  a  correlating  agency  is  necessary,  a  clear- 

tandards.      This    clearing   house    has    been 

realized  in  the  American  Engineering  Standards  Committee, 

on    composed   of   representatives    of   9   leading 

•  rnmental     Departments    and    19 

organisal 

In  carrying  out  its  clearing-house  functions,  the  American 

eering   Standards  Committee  is   restricted   to   insuring 

i.   whether   members   of   that 

body  •     are   represented   on   the   proper   sectional   com- 

•    "lonal   committees   are   generally  organized 

of  the   American   Enpineering   Standards   Com- 

-ignated  as  sponsors.     The   sectional  committf 

must  be  approved  by  the  sponsors  before  they  can  be 

approved  by  the  American  Engineering  Standards  Committee 

;n  Stand.: 


re  the  Society  became  a  member  of  the  American  Engi 

neering  Standards  Committee  in  1920,  it  has  been  designated 
as   a   joint    sponsor   for   seven    projects.     The  complete    p<  I 
BOnnel  of  the  sectional  committees  appointed  for  these 
project*    represents    11    organizations.      The    accompanying 

chart  illustrates  the  procedure  that  will  be  followed  by  the 
sectional  committees  in  obtaining  recognition  of  their  reports 
as  American  Standards  by  approval  of  the  respective  spon- 
and  the  American  Engineering  Standards  Committee. 
In  addition  to  the  projects  for  which  it  is  acting  as  a  joint 
sponsor,  the  Society  is  represented  on  the  following 
tional  committees,  whose  work  will  affect  partially  the 
automotive  industry: 

Code  on  Colors  for  Traffic  Signals 

Gears 

Insulated  Wire  and  Cables 

Machine-Tool  Safety  Code 

Methods  of  Testing  Timber 

Pipe  Flanges  and  Fittings 

Use,  Care  and  Protection  of  Abrasive  Who  I- 


WIRK  CLOTH  TO   UK  ST  WIHRDIZEI) 


Tentative  Report  Submitted   i<>  \\  ire  Cloth   I  sera  and 
Manufacturers  for  Commenl 

Shipments  of  wire  cloth  direct  from  the  manufacturers' 
stocks,  quicker  deliveries  and  an  increase  in  the  sources  of 
supply  are  cited  as  probable  results  of  the  adoption  in  future 
practice  of  a  proposal,  submitted  by  E.  W.  Weaver,  of  the 
Parts  and  Fittings  Division,  to  limit  wire  cloth  for  oil,  gaso- 
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line  and  water  strainers  to  10  meshes.  The  proposal,  given 
in  the  accompanying  table,  has  been  sent  to  the  engineering 
departments  of  passenger-car  and  motor-truck  builders  for 
comment.  It  is  expected  that  it  will  be  ready  for  Standards 
Committee  action  at  the  January  meeting. 


PROPOSED    S.    A 

.    E.    STAN  HARD    FOR    WIRE 

CLOTH 

Diam- 

Size of 

Diam- 

Size of 

Mesh 

eter  of 

Opening, 

Mesh 

eter  of 

( Opening, 

\\  ire,  In. 

In. 

Wire,  In. 

In. 

8 

0.028 

0.097 

45 

0.0095 

0.0130 

10 

0.025 

0.075 

50 

0.0090 

0.0110 

12 

0.023 

0.060 

60 

0.0080 

0  0090 

14 

0.020 

0.051 

70 

0.0070     0  0073 

16 

0.018 

0.044 

80 

0.0060 

0  006N 

20 

0.016 

0  034 

90 

0.0050 

0.0059 

24 

0  015 

0.027 

100 

0.0040 

0  0055 

30 

0  013 

0.021 

120 

0  0040     0.0043 

35 

0.011 

0.01S 

150 

0.0030 

0.0037 

40 

0  010 

0.015 

200 

0.0023 

0  0027 

Mesh  denotes  the  number  of  openings  per  inch. 
Double-crimped  wire  shall  be  used  and  woven  so  as  to 

make  square  openings. 
The  variation  in  the  number  of  wires  per  inch  shall  not 
exceed  3  per  cent.     The  variation  in  the  diameter  of 
the  wire  shall  not  exceed  the  following  limits: 

In. 
Up  to  and  including  16  mesh  0.0030 

From  20  to  50  mesh  0.0020 

From  60  to  100  mesh  0.0010 

Above  100  mesh  0.0005 

The  wire  composition  shall  be  definitely  specified. 
Usual  practice  is  to  specify  steel  wire  up  to  16  mesh, 
brass  wire  from  20  to  100  mesh  and  phosphor- 
bronze  or  monel-metal  wire  above  100  mesh. 

The  weave  shall  be  what  is  known  as  "plain,"  except 
that  wire  cloth  in  meshes  80  and  finer  may  be 
■•twilled." 


STANDARD    FRAME-WIDTHS    SUGGESTED 


Feasibility  of  Standardizing  Motor-Truck  Frames  Open 
to  Discussion 

The  Frames  Division  has  been  enjoying  more  than  its 
share  of  differences  of  opinion  since  the  standardization  of 
motor-truck  frames  was  undertaken  early  in  the  year.  The 
recommendation  now  under  consideration  is  given  in  the 
accompanying  table,  the  side-rail  thickness  and  the  chemical 
composition  having  been  omitted  from  the  original  proposal 
because  of  adverse  criticism  received,  quotations  from  which 
are  given  below : 

PROFOS^D  STANDARD   FOR    MOTOR  TRUCK    FRAMES 


Frame  Width 

In. 

Nominal 
Side-Rail 

Actual 

Truck 

Side-Rail 

Capacity, 

,  >t..,  • 

Depth, 

Depth, 

Tons 

Straight 

In. 

In. 

Front 

Rear 

Speed   Wa- 

gons  

32 

a 

4V8 

34t0l^ 

34 

31 

34 

6 

oV2 

2  to  2Y2 

34 

31 

34 

7 

6J4 

3to3l£ 

38 

8 

7M 

(  K-pr  3  J  2 

:^s 

9 

BJ4 

The  classification  of  vehicles  on  a  nominal  basis  of 
capacity  rating  for  a  structural  standard  of  this  type 
is  entirely  wrong  and  meaningless.  Unless  the  Society 
wants  to  tackle  the  problem  of  defining  the  meaning  of 
a  3-ton  truck,  the  use  of  the  term   is  certainly  of  no 


value  from  a  technical  standpoint.  Commercial  usage 
has  destroyed  whatever  value  such  a  method  of  rating 
has  had. 

With  regard  to  the  chemical  composition,  while  it 
may  be  argued  that  frames  are  made  for  stiffness 
rather  than  for  strength,  and  that  for  adequate  stiff- 
ness plain  carbon-steel  is  sufficient,  there  are  some  who 
take  issue  with  that  general  principle  as  applied  to 
motor-truck  construction. 

The  suggestion  to  standardize  the  inside  height  of 
the  frame  by  %-in.  increments  is  in  order.  It  certainly 
is  desirable  to  have  frames  of  5V4  or  6-in.  inside  height, 
as  this  part  of  the  frame  die  is  invariably  solid  and 
may  be  used  in  connection  with  materials  of  various 
thicknesses.  We  have  used  a  4%-in.  inside  height  of 
frame  for  approximately  10  years  on  light  models,  but 
the  thickness  of  stock  has  been  varied  to  suit  the  par- 
ticular lengths  required.  This  sort  of  standardization 
is  the  kind  we  should  work  on. 

Builders  of  trucks  should  have  the  choice  of  thick- 
ness, which  would  not  interfere  with  dies  and  give  a 
better  range  of  strength. 


TIRE  PUMPS  INTERCHANGEABLE 


Transmission  and  Truck  Makers  Adopt  S.  A.  E.  Stand- 
ard  Transmission-Tvpe    Mountings 

After  the  S.  A.  E.  Standard  for  transmission-type  tire- 
pump  mountings  was  adopted  in  1919,  difficulty  was  expe- 
rienced in  designing  transmission  cases  to  accommodate 
various  makes  of  tire-pump.  In  order  to  obtain  complete 
interchangeability,  the  Transmission  Division  planned  to 
extend  the  standard  shown  on  p.  El  of  the  S.  A.  E.  HAND- 
BOOK to  specify  the  largest  space  that  the  tire-pump  should 
require,  and  appointed  H.  W.  Sweet,  of  the  Brown-Lipe  Gear 
Co.,  to  submit  a  recommendation  based  on  the  practice  ex- 
isting at  that  time. 

At  the  October  meeting  of  the  Transmission  Division  Mr. 
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difficulties  have   practically 

tra  and  that  no  med  for  further 


1  I  1  \!!>l  1  DIS(       r»Ki»rt»>  \l.     i.HW.KD 


Present 


liretneats     ..I      i»vt-r      IT".     Sixes     I  »f<l     ill 
Practice  Mel   bj    Jl   Standard  Sizes 

r   •  \  hl<    Disi  B  held  a  meet 

at   which  the  original   proposal   printed  on   p. 

THE   Journal    was    revised. 

■  d  Fittings  Division  also  held  a  meet- 

at  which  the  revised   proposal,   given   in  the 

inying  ta  proved  for  adoption   as   S.   A.   E. 

Recommended  Practice.     During  the  Division  meeting  it   was 

■mmendation    were   adopted    in    future 

practice,  there  would  be  a  reduction   from   175  to   21    in  the 

numl- 

:he  Subdivision  meeting,  which  was  attended  by  E.  W. 

Templin  and  E.  G.  Kimmich,  of  the  Goodyear  Tire  &  Rubber 

v    1'.  Hamilton,  of  the  Merchant  &  Evans  Co.;  J.  \V.   B 

Pearce.  of  the  Spicer   Mfg.   Co.;  C.  A.   Schell,  of  the   Ther- 

moid  Rubber  Co.;  Ira  S.  Snead,  of  Snead  &  Co.;  J.  C.  Sproull, 

of  the  B.  F.  Goodrich  Co.,  and  Standards  Manager  Burnett. 

ons   of   the  original   proposal,   based   on    the  comments 

that  had  been  received  as  a  result  of  circularizing  it  among 

and  manufacturers,  were  made. 

The  consensus  of  opinion  was  against  including  the  torque 


ratings    because   of    the    number   of   variables    it    is    neces 

nsider   when    selecting   the   proper   disc   for   a   given   in- 
stallation, such  as  the  linear  and   angular   positions  through 
which  the  discs  revolve,  the  type  of  service  and  the  weather. 
To  aid  the  users,  and  to  protect  the  manufacturers  against 
the    marketing    of    inferior    discs,    it     was    suggested    that     i 

standard  minimum  test  for  the  material  should  be  included. 

It   was  decided  to  giv  this  matter   further  consideration. 

The    6%x5   16,    7Hx5  L6,    7    ,  x  13  32    and    ^\\  ."• 
in.  eight-hole  discs   were   added   to   the   proposal  to   meet   the 
needs   of  a   flexible  drive-shaft   coupling   between    the  engine 
and  the  transmission. 

The  following  changes  and  additions,  based   on  the  pri 
practice  of  the  large  producers  of  automobiles,  and  on  what 
is   considered   sound  engineering,   were   made   in  the  original 
Subdivision  recommendation : 

i  1  i    The   tolerances    for   the  bolt-circle   diameters   were 

changed  to  plus  and  minus  0.010  in. 
(2  1    The    tolerances    for    the    bolt-hole    diameters    were 

changed  to  plus  0.010  in.  and  minus  0.000 

(3)  The   tolerances   for  the   thickness  were  changed  to 

plus  0.020  in.  and  minus  0.000. 

(4)  The  Ox  14-in.  size  was  omitted 

(5)  The   inside   and  bolt-hole  diameters   for  the  6tt    I 

'< -in.  size  were  changed   to  2.500  and   0.438  in. 
respectively 

(6)  The  inside  diameter  was  .changed  to  2.500  in.  for 

the  6J2  x  5/16-in.  size 


PROPOSED    STANDARD    FOR    TRANSMISSION-TYPE  FLEXIBLE   DISCS 


Tvpe 

Nominal 

- 

-ide 

D 

*=0  0 

Inside 

Diameter 

d 
±0  030 

Bolt-Circle  Diameter 

:       II      010 

±0.010 

01 

=■=0  010 

Bolt-Hole 

Diameter 

+0  010 

—O.OOO 

Thickness 

li 

Hi 

+0  020 
— 0  010 

6     x^ 

. 
-    x'A 

7 
■ 

• 
9 

6  000 

.,    (Ml 

500 

VJO 

7  IKK) 
7  (WO 

7    (Kd 

7  500 

7  500 

00 

-  000 

-  900 

-  VJO 

2  250 
.'  250 
2  500 
2  VJO 
2  7.50 
2  7. VI 

2  760 

2  : 

2  750 

0  Ot  jo 
:s  000 

3  000 

3  OOO 

3  250 

4  625 
1  625 

:,  000 

5  000 
250 

.5  250 
:.  250 

6  626 

6   (KM! 
6  (KM) 

6  260 
160 
500 

2.313 
2  313 
2  -VJO 
2  .500 
2.625 
2  626 
2  625 
2  813 

2  813 

3  000 
:t  000 
3  126 
:;  126 
3  260 

0.438 

11  .Mm 
0.4iis 

0  .500 
0  .VK) 
0  500 
0  500 
0  500 
0  .500 
0  625 
0  626 
0  625 
11  626 
0.626 

0.313 

0  :S75 
0  2.50 
0  813 
0  250 
0  813 
0.37.5 
0  313 
0  375 
0  313 
0.375 
0  313 
0  375 
0  375 

Eight-Hole 

6!^x* 
8K*Hi 

6  500 

7 

7  .VJO 
-  260 

2.750 
2   7.7) 

2  7. Vi 

3  OOO 

4  7.50 

5  626 

6  VK) 

1.K18 

■  153 
2  163 

2   ls7 

0  375 
0   138 

11  i:;s 
0  .VJO 

0  313 
0  313 

11  km; 
0  313 

.ble-Row 

PHx'4 

9.500 

500 

10  600 

3.250 

3  260 

4  260 

8  000 

-  ooo 

500 

5.750 
:,  750 
6  000 

4.000 

4  000 
1  260 

2.875 

2  s7.5 

3  000 

0.500 
0  600 
0  600 

0.313 

11  :',75 
0  376 
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(7)  The  inside  diameter  was  changed  to  2.750  in.  for 

the  7  x  5/16-in.  size 

(8)  The  following  nominal  sizes  were  added: 

6x5/16  7x1/4  8x5/16 

6x3/8  7x3/8         8V£x5/16 

As  double-row  discs  of  large  diameter  are  used  for  severe 
service,  it  was  considered  advisable  to  include  in  the  recom- 
mendation the  9Y2  x5/16,  9%  x  3/8  and  10%  x  3/8-in.  double- 
row  discs. 


PROPOSED    STANDARD    FOR    GENERATOR    AND    MAGNETO    TYPE 
FLEXIBLE   DISC 


Bolt- 

Bolt- 

Outside 

Inside 

Circle 

Hole 

Thick- 

Nominal 

Diam- 

Diam- 

Diam- 

a 

Diam- 

ness 

Size 

eter 

eter 

eter 

±0.010 

eter 

T 

D 

d 

B 

+0.010 

+0.020 

±0  0.30 

±0.030 

±0.010 

—0.000 

—0.010 

2M 

2.750 

1.000 

1 .  S75 

1  326 

0.328 

0.250 

9lA 

3  500 

1  250 

2.500 

1  768 

0.328 

0.250 

VA 

3  500 

1  250 

2  500 

1.768 

0  328 

0  313 

To  complete  the  proposal,  it  was  recommended  that  smaller 
discs,  used  for  generators  and  magneto  drives,  should  be 
included.  The  disc  dimensions  shown  in  the  accompanying 
table  were  suggested  with  the  understanding  that  final  action 
should  be  based  on  the  comments  of  users  and  manufacturers. 


PRESENT    MOUNTINGS     SUFFICIENT 


Transmission     Tire-Pnnip    Mountings    Satisfactory'    for 
Motorbus   Generators 

The  Transmission  Division  has  recommended  that  the 
present  S.  A.  E.  Standard  for  Transmission  Tire-Pump 
Mountings  shown  on  p.  El  of  the  S.  A.  E.  Handbook, 
shall  be  used  for  motorbus  generator  and  starting-motor 
mountings.  This  action,  based  on  the  experience  of  several 
transmission  makers,  was  taken  in  view  of  suggestions 
received  by  the  Society  to  the  effect  that,  because  of  the 
demand  for  motorbus  generators  of  greater  capacity  than  is 
needed  in  passenger-car  engineering,  and  the  lack  of  avail- 
able space  when  mounted  on  the  engine,  special  mountings 
should  be  standardized  for  motorbus  applications. 


BOLT-HEADS,  NUTS  AND  WRENCH  OPENINGS 


Variations 


in     Dimensions     Analyzed     and     Tentative 
Recommendations   Made 

In  March,  1922,  the  Sectional  Committee  for  the  Stand- 
ardization of  Bolt,  Nut  and  Rivet  Proportions  was  organized 
under  the  rules  of  procedure  of  the  American  Engineering 
Standards  Committee  by  the  American  Society  of  Mechanical 


Engineers  and  the  Society  of  Automotive  Engineers  acting 
as  joint  sponsors.  A  subcommittee,  designated  as  No.  2,  was 
appointed  to  report  on  wrench  bolt-heads  and  nuts  and, 
after  obtaining  and  analyzing  data  covering  practice  in  the 
United  States  and  abroad,  has  submitted  a  tentative  report 
for  circularizing.  Although  the  data  in  this  report  have 
been  given  some  publicity,  the  subcommittee  desires  a  care- 
ful review  of  them  by  all  industries  toward  submitting  what- 
ever criticisms  they  may  have  to  offer. 

Included  in  the  report  is  an  analysis  of  the  variations  in 
dimensions  for  corresponding  bolt  sizes  that  exist  generally 
throughout  the  industry  in  the  United  States,  England  and 
Germany.  The  recommendations  in  the  report  include  dimen- 
sions of  the  heads,  heavy  nuts  and  jam  nuts  for  rough  and 
finished  square  and  hexagonal  bolts,  finished  light  nuts, 
finished  hexagonal  and  square  cap-screws  and  their  cor- 
responding wrench  openings. 

The  dimensions  for  the  heavy  and  light  nuts  correspond 
to  those  used  by  some  manufacturers  in  their  present  prac- 
tice, but  the  subcommittee  states  that  it  has  not  been  able  to 
prepare  tables  of  sizes  that  would  meet  the  present  practice 
of  all  industries,  although  the  tendency  in  recent  years  has 
been  toward  more  economical  use  of  material  for  screws, 
bolts  and  nuts  such  as  those  made  to  the  S.A.E.  Standard. 
This  part  of  the  report  is  submitted  particularly  for  con- 
sideration looking  toward  the  use  by  all  industries  of  a 
single  standard  for  bolt-heads  and  nuts,  using  only  light-nut 
dimensions  for  %-in.  bolts  and  smaller  except  that  the  width 
across  flats  of  the  7/16-in.  bolt  be  made  11/16  in.  instead  of 
%  in.  The  tables  of  proposed  dimensions,  however,  include 
the  heavy  nuts  for  the  %-in.  size  and  smaller  and  the  %-in. 
width  across  flats  for  the  7/16-in.  size. 

The  proposed  tolerances  are  from  basic  to  minus  for  all 
bolt-heads  and  nuts  and  from  basic  to  plus  for  wrench  open- 
ings to  provide  sufficient  wrench  fit  clearance.  The  amounts 
of  tolerance  have  been  selected  for  "rough"  and  "finished" 
products,  "rough"  finish  pertaining  to  stock  made  by  cold 
or  hot  pressing,  punching  or  forging,  but  net  to  semi-finished 
products  made  by  any  process.  The  "finished"  class  of  prod- 
ucts pertains  to  bolt-heads  and  nuts  that  are  machined  all 
over  and  includes  those  that  are  semi-finished  by  any  process. 

After  the  report  has  been  approved  by  the  Sectional  Com- 
mittee, it  must  be  submitted  to  and  approved  by  the 
sponsor  societies  before  it  can  be  finally  approved  by  the 
American  Engineering  Standards  Committee  as  American 
Standard.  It  is  very  desirable,  however,  that  the  proposal 
be  carefully  reviewed  by  the  industries  before  a  final  report 
is  drafted.  Criticisms  by  all  those  interested  in  the  manu- 
facture and  use  of  these  products  are  solicited.  Copies  of  the 
subcommittee's  report  in  pamphlet  form  may  be  obtained  on 
request  to  the  American  Society  of  Mechanical  Engineers, 
29  West  39th  Street.  New  York  City,  and  written  comments 
on  the  report  should  be  addressed  to  the  Chairman  of  Sub- 
committee No.  2,  Sectional  Committee  on  Bolt,  Nut  and  Rivet 
Proportions,  at  the  same  address. 


COACH"  CRITICIZED  AS  BODY  NAME 


Recommendation    of   Passenger-Car   Body    Division    To 
Be   Reconsidered 

As  a  result  of  the  publication  in  the  November  issue  of 
The  Journal,  on  p.  417,  of  the  report  of  the  Passenger-Car 
Body  Division  covering  "coach"  as  a  standard  type  of  body 
and  its  circularization  among  the  body  and  passenger-car 
builders,  considerable  criticism  has  been  submitted.  The 
definition  for  "coach"  proposed  by  the  Division  is 

An  enclosed  single-compartment  body,  similar  in 
general  appearance  to  a  short  sedan,  with  two  close- 
coupled  cross-seats  for  four  passengers.  There  is  a 
luggage  compartment  or  space  for  a  trunk  at  the  back 
of  the  body.  There  is  no  glass  in  the  rear  quarters. 
The  conventional  type  has  two  doors  only,  the  forward 
seat  being  divided  and  the  right-hand  seat  tipping  for- 
ward to  give  access  to  the  rear  cross-seat.  Some  mod- 
els have  two  doors  on  the  right-hand  side,  there  being 
two  fixed  cross-seats. 
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eral    are    printed   hereinafter   as   they   will   hi 
found  of  special  interest. 

The  name  "coach"  is  verj   good  tor  a  two-door  job, 

with   the    front    scat    tipping    forward,   but    for   a    throe- 
door  job   it   should  be  called  a   four-passenger  coupe. 


Our    recommendation    is    to    use    the    term    "close- 
coupled  sedan"  with  two-three  or  four  doors  as  the 
might  be. 

commend  that  the  coach  type  of  body  be  lim- 
ited to  the  two-door,  four  or  five-passenger  body  with 

entrance  to  the  rear  cross-seal   made   possible  by  tilting 

forward  the  right-hand  front  seat. 


I  do  not  approve  using  the  word  "coach"  as  recom- 
mended. The  word  "coach"  ill  the  body-building  trade- 
has  always  had  a  definite  meaning  in  the  past  and  is 
used  in  the  same  waj  now  ill  advertising  by  body  build- 
ers. According  to  this  practice,  a  coach  is  any  type  of 
ed  body,  coach-work  being  understood  as  the  build- 
ing of  closed  work  never  having  been 
applied  to  the  building  of  open  bodies.     1   believe  the 

word  "coach"  should  remain  a  general  definition  for 
any  type  of  closed   body. 

On  account  of  the  unlimited  number  of  variations 
that  can  be  made  of  body  construction  to  create  dif- 
ferent body  types,  I  do  not  think  that  any  positive 
results  can  he  obtained  by  trying  to  standardize  names 

to  define  different  body  types.     In  place  of  a  standard 

name    for  closed    bodies.    I    would    prefer    seeing    the   CB1 

builder  use  whatever  name  he  wishes.  He  will  do  so 
anyway.  Names  to  distinguish  different  models  pro- 
duced by  the  same  builder  could  he  effectively  taken 
ran-   of    by    using    names    -miliar   to   what    are    used    on 

Pullman  cars. 

A   coach   is   really   not   the  name  of  a  body  at   all.  but 

refers   to   an   entire   vehicle.     Moreover,   the   accepted 

definitions  of  the  word  are  very  broad  and  do  not  apply 

to  any  particular  type  of  Vehicle,  although  in  the  eai  i> 
Coaching  days  it  did  have  some  reference  to  a  type  of 
vehicle   driven    with   two   span   of   horses   in    which   pas- 

n  top. 

I    personally   do   not    think   that   the  Society   should 

sanction    the   standardization   of   a   word   that   already 

ry   definite   meaning   in   the   English   language 

and   arbitrarily   set    thereto   a   new  definition.      I   think 

We    should    encourage    the    development   of    new    name 

types    of    automobile    bodies    which    would   be   char- 

ristic  and  descriptive  of  the  type  of  body  in  ques- 


The  naming  of  bodies  by  vai  9  organizations 

brought  about  a  condition  thai   is  almost  an  end:. 

to  unravel.      A B  an  example,  I   have   been   working 

on  a  close-coupled  sedan  type  of  body  having  two  fixed 

its     for     five-     passengers    equipped     with     foui 

doors  and  with  a  deck  on  the  rear   for  a  trunk.     It  is 

the  desire  of  the  engineering  department  to  call  thi 

an   type   of  body  and   describe   il  closi  coupled 

with    two    fixe. i  and    equipped    with    foui 

floor-        I  department   insists   on   calling  this   a 

brougham,   primarily  on  account   of  the   fact  that  they 
feel    that    the    general    public    would    accept    it    a 
brougham  because  the  .Ionian  Motor  Car  <    >     o  defini 

ne   public  at  large. 
It   occurs  to  me  that   the  engineers  have  a  verj 

their   hands  in  trying  to  educate  the 
department  at   to  the  proper  body  nomenclat 


The  term  "coach"  as  now  applied    eem    to  refer  to 

a  cheaper  type  of  body  than  built  by  the  average  i 
pany.  

It  appears  to  us  that  much  more  ha     been  covered  in 
the    definition    than    the    word    "coach"    implies.      The 
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name  indicates  a  two-door,  enclosed,  single-compart- 
ment body,  with  construction  and  appointments  of  a 
comparatively  low  grade;  whereas,  there  exist  two, 
three  and  four-door  types  of  enclosed,  single-compart- 
ment body,  having  high-grade  construction  and  ap- 
pointments throughout.  To  cover  these  types  of  body 
by  the  word  "coach"  appears  very  misleading  to  us. 


The  S.A.E.  Body  Nomenclature  has  really  assumed 
definite  shape  and  is  forming  a  basis  for  a  standard 
group  of  names  that  will  at  least  be  used  by  an  im- 
portant section  of  the  industry  and  bodies  so  designated 
will  be  recognizable  in  advertisements  or  in  technical 
writing  without  further  explanation. 

It  is  inexpedient  to  pervert  the  generic  term  "coach" 
to  designate  a  single  type  of  body,  unless  it  be  applied 
to  the  large  motorized  public-passenger  vehicles  that 
are  being  operated  now  in  much  the  same  manner  as 
the  former  road  or  stage  coach.  Thirty  years  ago 
there  was  no  doubt  in  the  mind  of  any  coach  builder  as 
to  what  was  meant  by  a  coach. 

Now  it  is  apparently  intended  that  the  term  shall 
serve  as  a  catch-all  for  the  sundry  modifications  of  the 
close-coupled  body.  Disregarding  the  matter  of  ap- 
propriateness, the  proposed  term  fails  to  meet  the  re- 
quirement of  utility  if  it  will  not  be  used,  even  after 
adoption  by  the  Standards  Committee.  The  name 
"coach"  having  been  appropriated  by  an  enterprising- 
company  and  having  come  to  be  recognized  as  its  par- 
ticular appelation,  who  think  that  it  will  ever  be  ac- 
cepted by  the  other  car-builders  as  a  group.  Most  com- 
panies building  identical  bodies  have  scoured  the  dic- 
tionaries and  realms  of  fancy  for  a  different  name. 

Practically  none  of  the  body  names  now  in  use  rep- 
resents the  original  concept  of  those  names,  but  cer- 
tain definite  ideas  have  become  instilled  in  the  mind  of 
the  great  motoring  public  of  America.  Regardless  of 
the  fact  that  coupe  and  sedan  do  not  signify  what 
these  names  originally  did,  motorists  do  recognize  these 
two  types.  Why  could  not  any  of  the  miscellaneous 
group  which  it  is  proposed  to  list  under  "coach"  be 
designated  more  clearly  as  coupes  or  sedans,  modified 
according  to  the  seating  and  door  provisions?  Thus, 
three-door  sedan,  if  there  are  three  doors  and  two 
cross  seats.  The  two-door  types  may  be  designated  as 
coupes,  with  the  passenger-carrying  capacity  indicat- 
ing readily  the  seating  arrangement;  the  four-pas- 
senger coupe  suggests  immediately  the  staggered-seat 
job  with  an  occasional  seat  folding  into  the  cowl ;  the 


five-passenger  coupe  indicates  a  full  cross-seat  in  the 
rear  and  two  individual  front  seats.  Is  it  not  prettv 
close  to  selling  a  car  "under  false  pretenses"  to  desig- 
nate these  bodies  as  "broughams"  or  "touring  sedans" 
or  some  other  classification  to  which  the  body  is  not 
entitled? 


CARRIAGE-BOLT    PRACTICE    SIMPLIFIED 


Sectional   Committee   on   Bolt.   Nut    and    Hi  vet    Propor- 
tions Submits  Report 

With  the  organization  of  the  Sectional  Committee  on  the 
Standardization  of  Bolt,  Nut  and  Rivet  Proportions,  spon- 
sored by  the  American  Society  of  Mechanical  Engineers  and 
the  Society  of  Automotive  Engineers,  the  carriage-bolt  stand- 
ardization that  had  been  undertaken  by  the  Screw-Threads 
Division  was  referred  to  the  Subcommittee  No.  5  appointed 
by  the  Sectional  Committee  to  consider  the  standardization 
of  carriage  bolts.     The  personnel  of  this  subcommittee  is : 


E.  Burdsall 

M.  C.  Horine 
W.  M.  Horton 
R.  Plumb 
C.  B.  Segner 
E.  P.  Stahl 


Russell,  Burdsall  &  Ward  Bolt 

&  Nut  Co. 
International  Motor  Co. 
Kirk-Latty  Mfg.  Co. 
Buffalo  Bolt  Co. 
Domestic  Engine  &  Pump  Co. 
Hyatt  Roller  Bearing  Co. 


The  proposed  standard,  adopted  by  the  Sectional  Commit- 
tee in  January  of  this  year,  was  based  upon  the  dimensions 
and  proportions  of  the  various  kinds  of  carriage-bolt  used 
in  current  practice  that  were  tabulated  from  data  collected 
by  the  leading  bolt  manufacturers.  The  original  Subcom- 
mittee report  included  dimensions  for  seat  bolts,  but  these 
were  eliminated  by  the  Sectional  Committee  because  the 
dimensions  for  the  head  were  practically  the  same  as  for 
the  step  and  the  elevator  bolts. 

The  dimensions  included  in  the  report  were  determined  by 
definite  formulas  based  on  the  body  diameter.  In  addition  to 
the  dimensions  given  in  the  accompanying  table,  the  Division 
recommends  that  the  radius  under  the  bolt  head  for  diam- 
eters up  to  and  including  V2  in.  should  be  1/32  in.  and  for 
over  %-in.  diameters,  1/16  in.;  that  the  tolerances  for  the 
head  for  diameters  up  to  and  including  %  in.  should  be  plus 
or  minus  0.010  in.,  and  for  over  %-in.  diameters,  0.015  in.; 
and  that  the  angle  of  the  counter-sunk  head  carriage-bolts 
should  be  110  deg. 


PROPOSED    STANDARD    DIMENSIONS    FOR   CARRIAGE    BOLTS 
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pip,.  •  type,  later  confirmed  by  the 

par-  j  reached  at  a  special  meeting 

on   Fuel  and  Lubrication    Pipe    Fittings, 

be  Imperial  Brass  Co.;  \V.  J. 

General  H  '•    G.  Wet! 

Product-  S     K.'.lum   and   F.    W  . 

Bore-  -onwealth  Brass  Corporation;  W.  S.  Chil- 


man,  of  the   McIU  Co.,  and  C.  A.  Hill,  of  the 

Mueller  Metals  Co, 

The    recommendation,    which    is    to   be    submitted    to 
Standards  Committee  for  adoption  as  S.   \.  E.  Recommended 

Practice,  was  developed   by   the  subdivision  consisting  of   w 
H.   Hollister  and  \Y.  J.  Outcalt.     The  original   recommenda- 
tion, published  in  the  June,  1928,   issue  oi   THE   JOURNAL,  p. 
ms  not  acted  on  at  the  Standards  Committee  Meeting 

in  June,  however,  because  of  the  large  number  of  criticisms 
recei\ 

The  recommendation  is  given   in  the  accompanyinj 
The    revisions   made   in   the  original   recommendation   taken 
individually  are  of  minor  importance;   but   collectively  they 
represent  a   careful   refinement    and   a   correlation   of  corre- 
sponding dimensions  for  similar  pan 


-111  ET  STEEL  COMMITTEES  CONSOLIDATED 

To  coordinate  the  work  of  the  American  Society  for  Test- 
ing Materials  and  the  Society  of  Automotive  Engineers  in 
the  standardization  of  sheet  steel,  arrangements  were  com 
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Those  Who  Attended  the  Meeting  of  the  Iron  and  Steel  Divi- 
sion at  Pittsburgh  on  Oct.  12.  1923 

pleted  at  the  October  meeting  of  the  Iron  and  Steel  Division 
held  in  Pittsburgh  whereby  the  entire  personnel  of  the  Sheet 
Steel  Subcommittee  of  the  American  Society  for  Testing 
Materials  has  been  appointed  on  the  Sheet  Steel  Subdivision 
of  the  Standards  Committee  of  the  Society.  The  personnel 
of  the  Subdivision  as  it  now  stands  is: 


W.  C.  Peterson,  Chair 

W.  J.  Beck 
W.  E.  Cougherty 
J.  B.  Dailey 
J.  M.  Darke 
C.  N.  Dawe 
F.  C.  Elder 

F.  Walter  Guibert 

W.  A.  Irvin 

G.  T.  Kellv 
J.  H.  Nead 

F.  E.  McCleary 
E.  W.  Upham 
J.  M.  Watson 
H.  M.  Williams 


man,    Formerly  with  the  Atlas   Steel 
Corporation 
American  Rolling  Mill  Co. 
Allegheny  Steel  Co. 
General  Motors  Corporation 
General  Electric  Co. 
Studebaker  Corporation  of  America 
American  Steel  &  Wire  Co. 
Formerly  with  the  Interstate  Iron  & 

Steel  Co. 
American  Sheet  &  Tin  Plate  Co. 
Edward  G.  Budd  Mfg.  Co. 
American  Rolling  Mill  Co. 
Dodge  Bros. 
Maxwell  Motor  Car  Co. 
Hupp  Motor  Car  Co. 
General  Motors  Research  Corpora- 
tion. 

The  members  formerly  on  the  Sheet  Steel  Subcommittee  of 
the  American  Society  for  Testing  Materials  are  Messrs.  Beck, 
Cougherty,  Dawe,  Kelly  and  Williams. 


AMERICAN  LUMBER   STANDARDS 


Conference  in  the  City  of  Washington  on  Dec.   12   to 
Act  on   Basic   Report 

One  of  the  most  important  phases  of  the  general  stand- 
ardization movements  that  have  developed  in  the  past  few 
years  is  that  of  placing  the  lumber  producing  and  consuming 
industries  on  a  more  economical  basis  in  handling  the  prod- 
uct. At  the  first  American  Lumber  Congress  in  1919  steps 
were  taken  to  inaugurate  simplification  in  general  standard- 
ization of  lumber  sizes  and  grades,  the  basic  purpose  being 
to  demonstrate  the  ability  and  the  purpose  of  the  lumber 
industry  to  conduct  its  business  efficiently  and  with  due  re- 
gard to  the  interests  of  the  consumers.  The  Central  Com- 
mittee on  Lumber  Standards,  representing  the  entire  organ- 
ized lumber  trade  from  the  producer  to  the  consumer,  was 
organized  early  in  1922  following  a  conference  of  lumber 
interests  in  the  City  of  Washington.  A  consulting  committee 
was  also  organized  representing  the  same  groups  of  interests 
to  prepare,  in  behalf  of  their  respective  constituents,  appro- 
priate data  for  the  consideration  of  the  Central  Committee. 


R.  E.  Brown  of  the  Fisher  Body  Corporation  represents  the 
Society  on  the  consulting  committee. 

William  A.  Durgin,  chief  of  the  Division  of  Simplified 
Practice  of  the  Department  of  Commerce,  has  called  a  con- 
ference in  the  City  of  Washington  on  Dec.  12  at  the  request 
of  Secretary  Hoover  of  the  Department  of  Commerce  to  take 
action  on  the  recommendations  for  simplified  sizes,  nomen- 
clature and  trade  practices  presented  in  the  Recommended 
American  Lumber  Standards  as  reported  to  the  United 
States  Department  of  Commerce  by  the  Central  Committee 
on  Lumber  Standards.  The  Society  has  been  asked  to  appoint 
two  or  more  representatives  to  be  present. 

The  report  includes  sections  dealing  with 

(1)  Standard  Lumber  Classifications 

(2)  Standard  Grade  Names  and  Classifications 

(3)  Standard  Yard  Lumber  Sizes 

(4)  Method  of  Lumber  Measurement 

(5)  Standard  Shipping  Weights 

(6)  Shipping  and  Other  Provisions 

The  specifications  refer  for  the  most  part  to  yard  lumber, 
structural  timbers  and  shop  or  factory  lumber  but  are  of 
interest  as  probably  being  the  basis  on  which  standard 
dimensional  or  cutting-up  sizes  will  be  formulated  for  the 
automotive  industries. 

A  report  on  the  species,  grades  and  dimensions  of  lumber 
purchased  for  automotive  construction,  principally  bodies,  is 
being  prepared  by  the  Forest  Products  Laboratories  in  col- 
laboration with  the  Hardwood  Lumber  Standardization  Sub- 
division of  the  Passenger-Car  Body  Division  of  the  Stand- 
ards Committee.  It  is  expected  that  this  report  will  be  pre- 
sented at  the  body  session  of  the  Society's  Annual  Meeting 
in  Detroit  next  month. 


WIKANDER  SUBMITS  FOREIGN  PROPOSALS 


Sectional   Committee  Acts  on  Report  of  International 
Conference  in  Zurich 

Reference  was  made  in  the  September  issue  of  The 
Journal  on  p.  177  to  a  preliminary  report  received  from 
Zurich,  Switzerland,  regarding  the  International  Ball  Bear- 
ing Standardization  Conference  that  was  held  in  that  city  on 
July  9.  The  detailed  report  agreed  to  at  a  conference  in 
Berlin  on  Oct.  5,  which  is  based  on  the  report  of  the  meeting 
in  Zurich  on  July  9,  has  been  received  and  referred  to  the 
Sectional  Committee  for  Ball  Bearings  under  the  sponsorship 
of  the  American  Society  of  Mechanical  Engineers  and  the 
Society  of  Automotive  Engineers.  There  are  10  proposals 
in  all,  the  first  five  being  definite  and  the  others  tentative. 
The  first  proposal  is  toward  a  definite  agreement  on  outside 
diameters  of  ball  bearings  up  to  and  including  the  220-mm. 
bore  in  the  light  series,  the  200-mm.  bore  in  the  medium  series 
and  the  190-mm.  bore  in  the  heavy  series.  The  second  pro- 
posal sets  forth  the  widths  for  single  row  annular  ball  bear- 
ings up  to  and  including  the  140-mm.  bore  in  the  light  series, 
the  120-mm.  bore  in  the  medium  series  and  the  90-mm.  bore 
in  the  heavy  series.  The  third  proposal  refers  to  corner 
radii,  the  fourth  to  tolerances  and  the  fifth  to  double  row 
annular  ball  bearings.  The  sixth,  seventh,  eighth  and  ninth 
proposals  supplement  the  first,  second,  third  and  fifth  pro- 
posals respectively  and  refer  to  the  dimensions  for  the  ex- 
tension of  the  series  above  those  in  the  first  proposal.  The 
tenth  proposal  refers  to  metric  thrust  ball  bearings. 

The  Sectional  Committee,  together  with  the  Ball  and  Roller 
Bearings  Division  and  Thrust  Ball  Bearing  Subdivision  of 
the  Society's  Standards  Committee,  at  its  meeting  in  New 
York  City  on  Nov.  19  took  definite  action  toward  approving 
the  first  proposal  only,  inasmuch  as  the  bearing  dimensions 
included  therein  are  the  same  as  in  the  existing  standards. 
It  was  felt,  however,  that  the  remaining  nine  proposals 
should  be  given  further  careful  study  before  they  are  acted 
on  and  they  were  therefore  referred  back  to  the  sponsor 
Societies  for  this  purpose. 

This  project  is  practically  the  first  one  affecting  the  auto- 
motive industries  on  which  a  definite  attempt  has  been  made 
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.itional   standardization   and   it   is   felt   by   the 

members  of  the  committers  working  on  it  that  there  is  very 

good  promise  of  defini;.  although  there  is  still  BOOM 

question  in  their  minds  as  to  how  far  definite  standardiza- 

i  be  attempted  internationally.    It  is  probable  that 

■d   proposals  will  be  worked  out  and   submitted  to  the 

•tar.dardiration    committees    before    final    action    is 

taken  by  the  sponsor  Socities  in  this  Country.     Much  prog- 

I  iy  been  made  toward  better  agreement  between 

■1  countries  as  to  what  the  international  standards 

shall  be  and  H  ble  that  such  agreement  may  be  had 

•  r  than  was  expected. 


Much  was  accomplished  by  O.  R.  Wikandcr.  chairman  of 
the  Sectional  Committee's  Subcommittee  on  Information, 
who.  during  his  extended  trip  abroad,  was  able  to  confer 
with  the  national  committees,  particularly  in  Great  Britain. 
Germany  and  Sweden,  and  was  largely  instrumental  in  bring- 
ing about  the  conference  in  Zurich  last  July.  He  presented 
considerable  first-hand  information  regarding  conditions 
abroad  and  the  desires  of  the  foreign  ball  bearing  manufac- 
turers relating  to  the  program  of  standardization  that  might 
not  otherwise  have  been  available  to  the  Sectional  Committee 
and  sponsors  if  the  work  had  been  carried  on  entirely  1  y 
correspondence. 


RESEARCH  AN  IMPORTANT  FACTOR  IN 
HIGHWAY  IMPROVEMENT 


(Concluded  from  p.  496  i 


taken;    while  the   latter  should  determine   the  probable 
amount   and   character   of   the   future    traffic    that    will 
.  given  highway  during  the  lives  of  its  several  com- 
ponent !■;. 

In  connection  with  the  proper  allocation  of  funds  for 
highway  construction,  it  was  pointed  out  that  the  en- 
gineer in  charge  -should  base  his  decision  upon  con- 
siderations of  the  requirements  of  the  State  as  a  whole, 
and  furthermore  that  he  should  visualize  potential  as 
well  as   present   net-': 

Mr.   Hamlin   outlined  the  general  conditions  for  suc- 
:"jlly    carrying    through    traffic    surveys,    mentioned 
of  various  items  and  gave  examples  of  past  ex- 
perience.    These  included  a  tabulation   of  surveys. 

k-Teuck  Transportation  in  New  England 

Correlating  motor  trucking  facilities  with  those  of 
other  transportation  systems  forms  one  of  the  most  im- 
portant factors  in  the  effective  handling  of  freight  and 
passengers.  J.  G.  McKay,  of  the  Bureau  of  Public 
Roads,  in  his  report  for  the  committee  on  highway 
traffic   an  -rave   a    statistical    treatment    of    truck 

transportation   as   carried   by   240   companies   operating 
in  the  principal  New  England  cities.    Of  over  the  1,000,- 
000  net  tons  of  freight  hauled  over  the  Connecticut  high- 
•em   betv  tembei    and    December,    1922, 

about  67  per  cent  was  hauled  less  than  30  miles. 

Road  Maintknan'  k 

The   combination   of  truck   and    rail,   truck   and   boat 

and  truck,  rail  and  boat  services  were  said  to  be  growing 

in  importance  very  rapidly.     Cooperative  arrangements 

■•en   the   operating  companies   seem    to   be   yielding 

results  and  promise  to  expedite  very 

•■•rminal  freight  movement,  decrease  the  volume 

'reight    warehoused,    reduce    the    cost    of    moving 

.  ht   through   terminals   and   make   the   rail    deli 

t  in  less-than-carload  lots  more  rapid. 


Chairman  \V.  H.  Root  of  the  committee  on  maintenance 
reported  that  seven  problems  were  studied  during  the 
year  and  that  the  outstanding  conclusions  of  the  investi- 
gations were  as  follows:  corrugations  in  gravel  roads 
result  from  excessive  traffic  and  are  in  no  way  dependent 
upon  construction  or  maintenance  methods;  mulch  should 
be  applied  in  very  light  courses,  preferably  late  in  the 
season  or  during  the  spring,  and  should  not  exceed  1  in. 
in  depth;  the  demand  for  a  light-colored  crack-filler  has 
decreased  to  such  an  extent  that  further  search  is  un- 
necessary ;  snow  removal  equipment  should  be  developed 
that  is  especially  adapted  to  highway  work;  guide, 
caution  and  danger  signs  should  be  standardized  to 
facilitate  intercounty  and  interstate  traffic;  a  uniform 
system  of  maintenance  accounts  would  put  the  mainte- 
nance reports  on  a  comparable  basis;  constantly  increas- 
ing traffic  makes  it  almost  impossible  to  determine  accu- 
rately the  effect  of  age  on  the  maintenance  costs  of 
highways  and  the  subject  is  worthy  of  further  and  very 
careful  consideration. 

Highway  Construction  Costs 

H.  H.  Wilson,  representing  the  Associated  General 
Contractors  of  America,  stated  that  the  activities  and 
interests  of  that  organization  in  cooperative  work  with 
the  Advisory  Board  are  largely  confined  to  investigations 
upon  the  items  that  affect  the  cost  of  construction  or 
the  business  end  of  construction  and  designing.  He  men- 
tioned the  following  general  divisions  of  the  work  and 
reported  progress  in  the  consideration  of  each  of  them: 
material  supplies;  field  work  force;  methods;  equipment 
development:  -ion    of   work;    remo\ 

hazards  of  the  industry';  and  comparative  statistical  re- 
lations. 

At  the  conclusion  of  the  session  brief  reports  were 
presented  from  the  floor  by  representatives  of  the  several 
organizations  cooperating  with  the  Advisory  Board  in 
research  work. 
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AIR  TRANSPORT  MUST  PAY  DIVIDENDS 


W.  B.  Stout 


Only    Basis   on   Which   Aviation    Can    Prosper,   W.   B. 
Stout  Tells  Detroit   Section 

Commercial  aviation 
must  be  made  profitable 
financially  if  we  are  to 
have  a  stabilized  aeronaut- 
ical industry  in  this  Coun- 
try. Until  an  industry 
can  take  its  place  on  the 
basis  of  earning  capacity, 
it  can  never  be  a  true 
success,  no  matter  how 
many  millions  of  dollars 
in  Government  appropria- 
tions may  be  spent  in  its 
support.  No  industry  can 
be  classed  as  permanent 
that  keeps  its  books  in  red 
ink.  To  make  aviation 
pay  dividends,  then,  is  the 
fundamental  problem  that 
must  be  solved  before  an 
American  aeronautical  in- 
dustry, in  the  true  sense  of  that  word  can  exist.  These  are 
opinions  expressed  by  W.  B.  Stout  in  his  illustrated  talk 
before  the  Detroit  Section,  Nov.  1. 

Commercial  aviation  must  be  built  upon  conditions  as 
they  are.  It  is  all  very  well  to  dream  of  days  when  landing- 
fields  will  be  plentiful  and  airplanes  will  be  produced 
economically  in  great  quantities,  but  the  promoters  of  to- 
morrow's commercial  aviation  must  face  conditions  as  they 
exist  and  make  profits  from  them.  This  fundamental  must 
be  kept  in  mind  when  discussing  the  probability  of  establish- 
ing the  aeronautical  industry  on  a  sound  basis,  according 
to  Mr.  Stout. 

Just  as  the  development  of  the  automobile  itself  has 
carried  forward  the  expansion  of  the  automobile  industry, 
so  the  future  of  air  transportation  depends  upon  the  develop- 
ment of  the  airship  and  the  airplane.  An  analogous  case 
is  that  of  motorbus  transportation.  Long  ago  it  was  recog- 
nized that  urban  and  interurban  transportation  of  passen- 
gers by  motorbuses  was  the  coming  method,  but  the  motor- 
bus  business  did  not  thrive  until  one  organization  produced 
a  bus  designed  especially  to  operate  profitably  in  this  service. 
Once  this  was  done,  motorbus  lines  sprang  up  all  over  the 
United  States  and  the  bus  industry  became  an  established 
fact. 

Must  Carry  Greater  Pay-Load  with  Same  Power 

Before  airplanes  can  be  expected  to  pay  dividends,  they 
must  be  designed  to  carry  more  pay-load  with  the  engine 
powers  available  today.  This  does  not  mean  that  larger 
planes  must  be  built.  If  an  airplane  is  doubled  in  size,  its 
wing  area,  which  represents  its  lifting  ability,  is  increased 
only  four  times  but  its  volume  or  weight  will  increase  nearer 
eight  times.  Lighter-than-air  ships,  on  the  other  hand, 
profit  from  an  increase  in  dimensions.  If  an  airship  is 
doubled  in  size,  its  envelope  or  surface  is  multiplied  four 
times,  but  its  volume,  which  represents  its  lifting  capacity, 
is  increased  eight  times.  This  is  a  fundamental  difference 
between  the  two  mediums  of  air  transportation  and  one  that 
will  result  in  the  construction  of  large  airships  as  opposed 
to  relatively  small  airplanes. 


Safety  is  the  first  element  in  commercial  aviation  that 
concerns  the  average  man.  Certainly  it  is  the  matter  of 
first  importance  in  the  mind  of  the  banker  or  investor  who 
will  be  called  upon  to  finance  the  development  of  air 
transport.  Yet  comparatively  few  people  realize  that  the 
United  States  Air  Mail  is  operating  over  95  per  cent  of 
the  days  in  the  year  between  New  York  and  San  Francisco 
without  any  serious  accidents.  The  Central  Division  be- 
tween Chicago  and  Salt  Lake  City  recently  finished  its 
106th  week  of  100  per  cent  performance  on  that  section. 
That  completes  nearly  2  years  of  service  without  a  forced 
landing,  the  planes  flying  every  day  and  operating  on  a 
definite  time  schedule.  Mr.  Stout  cited  this  as  an  example 
of  what  can  be  accomplished  by  properly  organized  com- 
mercial aviation  from  the  standpoint  of  safety  and  regu- 
larity. 

Inexpensive  Construction  of  Paramount  Importance 

Mr.  Stout  emphasized  the  fact  that  the  commercial  air- 
plane of  today  must  be  designed  so  that  it  can  be  built 
cheaply.  He  distinguished  between  building  and  manufac- 
turing, saying  that  airplanes  cannot  be  manufactured  and 
sold  in  large  numbers  at  present  but  must  be  built  along 
small  production  lines,  just  as  motorboats  are  built.  For 
this  reason,  the  present-day  commercial  airplane  must  be  a 
very  simple  structure,  built  up  with  the  least  expensive 
methods  of  construction.  It  must  be  able  to  operate  the 
greatest  number  of  hours  in  the  air  and  spend  the  least 
number  of  hours  on  the  ground.  War  planes  are  not 
adapted  to  commercial  service  because  they  require  an  ex- 
cessive amount  of  repair  and  maintenance  work.  Mr.  Stout 
believes  that  the  commercial  airplane  of  the  future  must 
be  capable  of  flying  20  hr.  per  day  because  there  will  be 
more  night  than  day  flying.  He  reported  the  Air  Mail 
pilots,  who  flew  the  night  schedules  during  the  late  summer, 
as  being  more  favorable  to  night  flying  than  to  day  flying. 

Slides  were  shown  of  the  early  types  of  airplane,  includ- 
ing the  Wright,  Farman,  Bleriot  and  Latham,  to  illustrate 
the  development  of  the  present-day  type  of  internally- 
trussed  monoplane  that  Mr.  Stout  favors.  He  ended  his 
talk  by  taking  some  60  members  to  visit  his  factory  where 
they  were  shown  two  metal  monoplanes  of  this  design.  The 
one  illustrated  on  this  page  was  in  completed  condition. 
It  has  a  wing  spread  of  40  ft.,  weighs  the  same  as  a  small 
sedan,  1850  lb.,  and  is  powered  with  a  150-hp.  engine.  Con- 
struction of  the  thick-section  monoplane  wings  from  rolled 
duralumin,  formed  to  give  maximum  strength  and  stiffness 
with  minimum  weight,  has  resulted  in  a  structure  that 
weighs  only  1.1  lb.  per  sq.  ft.  of  wing  surface.  This  com- 
pares with  1.6  lb.  per  sq.  ft.  in  the  case  of  the  all-metal 
German  Junker  monoplane  and  2.8  lb.  per  sq.  ft.  for  the 
Fokker  monoplane  that  flew  from  New  York  to  San  Diego 
without  stop. 


Stout  All-Metal  Ajr  Sedan 
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.ind    larger  airplane   was   shown    in    pro,  • 

w  red  with  a  Liberty 
I  carry  a  load  of  1   ton  at  ■  speed  of 


H>1  K-WHI  !  I     BR  \KI  -    IM  1  \>K  I  -I  RS 


•     \\  .  Jacobs    VnaJyxes  tin-  Various  Designs  .it   Minne- 
apolis  Meeting 

Improvement    in    brake 

action     is     imperative     to 

pre  of  congested  city 

traffic      and      fuel-eating 

country  hills,  according 
to  C.  W.  Jacobs,  service 
manager  of  the  Pence 
Automobile  <',...  Minne- 
apolis. At  the  Nov.  7 
meeting  of  the  Minneapo- 
lis Section,  Mr.  Jacobs 
presented  four-wheel 
-  as  the  best  solu- 
tion of  the  problem.  His 
paper.  An  Analysis  of 
Various  Four  -  Wheel 
Brake  Designs,  was  illus- 
trated by  the  use  of  a 
front-axle  brake  assem- 
bly. 

Mr.    Jacobs    began    his 

analysis    by    pointing    out 

four-wheel  brake  installa- 

and  the  only  criticism  that 

point  of  view. 


■'.'    Jacobs 

that  mechanically  the  problem  of 
tion  has  been  succ>  .lved, 

can  be  made  of  it  is  from  a  sales 


Internal  and  External  Brakes  Contrasted 

first    layout    discussed    was    the    internal    expanding 

m.      This    arrangement    necessitates    fewer    operating 

parts   and   is   possibly   the   neatest   looking   of   any   of   the 

present    designs.      Theoretically,    the    brake-bands   or    shoes 

are  protected  from  all  adverse  road  and  weather  conditions, 

•his  is  not  wholly  true  in  practice. 

To   eliminate   all    water,   sand   and   dust    from    the   inside 

of  the  drum   is  impossible  and  the  more  closely  fitting  the 

protecting  shields  are  made,  the  harder  it  is  to  throw   out 

the   small    particles    of   grit   that    do    gain   entrance   to   the 

interior   of   the   brakes,   and    frequently   the   operating    pins 

on    internal    brakes   are    found    to   be   badly    rusted   be. 

'•ir    inaccessibility   and  consequent   lack   of  lubrication. 

If   drain    holes   are    included    in    this    design    they   must   be 

enough  so  that  they  do  not  act  as  inlets  for  dirt  and 

mall  they  soon  become  plugged  with  dirt 

from   the   road   and   so   lose  any   usefulness   they  may   have 

illy  had. 

the   braking  of   the   internal   brake 

be  made  as   effective  as   the  external,   but   working  on 

iller  area  than  the  .  given  the  same  size  drum, 

and  without  the  wrapping  effect  of  the  external,  it  demands 

r'.rt  on  the  part  of  the  operator  or  longer 

•ing  of  internal  brakes  has  a  marked  effect  upon 
them  if  appli'  long  grades.  prising  to 

note  lal    additional    movement    of    the    brake    pedal 

il  brake  and  what  a  large  percentage 

of   the    brakir  .  tuse    'he    same    lev 

cannot   be   exi  I    I   drum. 

:'  front-wheel  brakes  seems  altogether 
unn<  -.1   rear-wheel   brakes  on  aim 

make   of  car   have   for   yean   been    rabjected   to   mud,  sand, 
rain  and  snow  without  any  serious  handicap,  and  the  applica- 
tion of  this  type  of  brake  to  the  front  wheels  does  not 
ject  it  to  any  editions  at  the  front  end  than  it  has 

at  the  rear.  In  fact,  the  perfect  freedom  these  brakes  have 
for  throwing  out  any  particles  that  do  lodge  between  the 
drum  and  the  lining  tends  to  keep  them  clean  as  far  as  the 
braking  ■   concerned. 


Thermal  expansion  increases  rather  than  decreases  the 
braking  ability  of  the  external  brake  because  as  the  drum 
inds  it   swells   toward  instead  of  away   from  the  bands. 

Like  anything  else  on  an  automobile  that  is  to  prove 
mechanically  sound,  four-wheel  brakes  must  be  designed 
for  and  built  into  the  particular  car  on  which  they  an 
going  to  operate  and  not  merely  attach.  ,1  a^  an  after-thought 

anchor  Block   Improves   External  Braking  Power 

Discussing  the  flexible  brake-band,  Mr.  Jacobs  pointed  out 

that  it  cannot  be  used  with  impunity  on  the  internal  design. 
although  it  is  ideal  for  external  use.  If  the  band  anchor 
block  is  placed  so  that  a  long  portion  of  the  band  can  be 
used  for  forward  braking,  with  the  short  portion  for  back- 
ward braking,  a  wrapping  effect  can  hi'  produced  on  forward 
braking  that  is  similar  in  action  to  a  half  hitch  with  a  rope, 
and  tremendous  braking  power  is  produced  at  the  wheel 
with  comparatively  little  pedal  pressure. 

This  design  is  fully  permissible  with  four-wheel  brakes 
where  possibly  it  is  not  with  two-wheel  brakes.  For 
ample,  a  brake-band  designed  alike  on  all  four  wheels,  with  a 
-quarter  lapping  for  forward  braking  and  a  quarter 
lapping  for  backward  braking,  gives  four  quarter-laps  for 
backward  braking,  which  is  equal  to  the  two  half-laps  of  the 
conventional  two-wheel  system.  But  it  has  increased  the 
forward  braking  ability  by  four  three-quarter-laps,  in- 
stead of  the  possible  four  half-laps.  This  is  an  increase  in 
braking  area  of  50  per  cent  over  the  four-wheel  braking 
system  using  half-laps,  and  an  increase  of  150  per  cent  over 
the  conventional  rear-wheel  brakes. 

These  results  are  brought  about  because  the  greatest 
braking  power  is  produced  by  that  portion  of  the  band 
which  is  behind  the  anchor  block  and  in  the  direction  of 
rotation  of  the  wheel,  while  that  portion  of  the  band  which 
is  ahead  of  the  anchor  block  in  the  direction  of  rotation 
is  not  exerting  its  full  ability  because  it  is  being  lifted  off 
the  drum  instead  of  being  wrapped  around  it. 

If  this  long  portion  of  the  band  has  one  or  two  inter- 
mediate points  of  adjustment,  it  then  allows  four  or  five 
places  to  adjust  on  each  wheel  which  permits  an  accurate, 
well-fitted  band  that,  because  of  its  flexibility,  will  give  a 
full  contact  on  every  brake  application  besides  eliminating 
the  necessity  for  a  fully  equalized  layout. 

Unequali/.ed  Designs  More  Practical 

With  reference  to  the  equalized  system,  the  speaker  re- 
minded his  audience  that  complete  or  perfect  equalization 
of  four  or  even  of  two  brakes  is  almost  impossible  to  achieve 
in  actual  practice,  because  of  the  difficulty  of  keeping  every 
part,  pin  and  bearing  working  with  the  same  freedom  of 
drag  or  friction.  When  one  part  of  the  mechanism  fails 
to  work  as  freely  as  all  the  other  parts,  equalization  is 
entirely  upset  and  the  equalizing  bars  or  shafts  function 
in  theory  only.  In  an  equalized  system  the  danger  I 
that,  if  one  part  of  the  operating  mechanism  fails,  the  entire 
braking  system  is  made  inoperative,  because  no  plan 
mains  at  which  to  get  a  foothold  to  exert  leverage  on  the 
rest  of  the  layout. 

In  the  case  of  an  unequalized  design,  the  adjustmei il 
each  brake  must  be  exactly  similar  to  that  of  all  the  others 
and  this  requires  a  close  and  accurate  adjustment  of  all 
four.  Tests  have  shown  that  these  adjustments  can  be 
maintained  for  remarkably  long  periods  of  time  without 
attention.     This  d>  an  inherent  safety  because 

part  on   each   brake   would   have  to   fail   before  entire 
braking  power  would   be   lost. 

Future  Brake    Probably  Hydraulic 

The  hydraulic  method  of  brake  application  is  by  far 
the   neatest    looking  of  any  ipable  of  being 

made  to  exert  tremendous  pre  ore  and,  for  equalization 
of  braking  pn  ipproaches  a  point  of  perfection.     Mr. 

Jacob:-  made  the  point  that,  as  in  all  equalized  types,  a 
failure  of  one  pipe  makes  the  entire  system  inoperative. 
Unlike  other  equalized  types,  however,  the  hydraulic  method 
can  be  designed  for  the  differential  action  of  the  front 
brakes    by    by-passing   a    certain    amount    of   oil    when    the 
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wheels  are  turned  and  thus  reduce  the  braking  pressure  on 
the  outside  wheel.  This  method  of  applying  brake  pressure 
is,  however,  subject  to  weather  conditions  and  care  must  be 
taken  to  keep  the  viscosity  of  the  fluid  high  enough  to 
operate  satisfactorily  writh  all  temperature  changes.  The 
operating  fluid  is  usually  some  mixture  of  glycerine  and 
oil  in  varying  proportions.  Water  is  never  used  because 
of  the  possibility  of  rusting  and  freezing. 

Although  the  advantages  of  the  present  hydraulic  systems 
must  be  discounted  somewhat  because  of  the  extreme  care 
necessary  to  maintain  them  in  perfect  operation  and  the 
difficulty  in  getting  them  serviced,  Mr.  Jacobs  believes  that 
a  development  of  the  hydraulic  idea  will  probably  be  the 
leading  method  of  brake  application  in  the  future. 

Mr.  Jacobs  concluded  his  interesting  analysis  with  the 
statement  that  altogether  four-wheel  brakes  are  one  of 
the  finest  developments  ever  added  to  the  automobile  and 
that,  in  his  opinion,  not  one  sensible,  logical,  reasonable 
argument  can  be  used  against  their  universal  adoption. 

Questioned  about  trouble  due  to  dragging  of  the  band 
on  an  external  brake,  Mr.  Jacobs  replied  that  such  trouble 
is  likely  to  occur  if  the  anchor  block  is  not  used.  With  the 
anchor  block,  the  spring  control  is  always  pulling  the  spring 
band  awray  from  the  drum. 

With  half-laps  on  the  average  set  of  brakes,  in  almost  all 
cases,  the  lining  of  the  upper  half,  if  properly  adjusted, 
wears  out  more  quickly  than  the  lower  half;  but,  as  Mr. 
Jacobs  pointed  out,  the  lower  half,  that  is,  the  brake  nearer 
the  front  end,  wears  first. 

The  user's  experience  is  a  valuable  guide.  The  increased 
braking  ability  and  surer  control  of  cars  equipped  with 
four-wheel  brakes  has  been  found  to  be  appreciated  by  their 
drivers.  A  test  made  on  Michigan  Avenue,  Chicago,  showed 
that  the  car  with  four-wheel  brakes  can  make  more  head- 
way than  the  car  with  brakes  on  only  two  wheels.  While 
the  other  cars  were  going  a  block,  the  test  car  went  a  block 
and  a  half  without  more  danger  of  accidents  and  complying 
with  all  the  traffic  rules. 

The  next  meeting  of  the  Minneapolis  Section  will  be  held 
at  8  o'clock  on  the  evening  of  Dec.  5,  in  the  Manufacturers 
Club  room,  Builders  Exchange,  Second  Avenue,  South,  be- 
tween Sixth  and  Seventh  Streets,  Minneapolis. 


GATHERING  OF  THE  AERONAUTIC  CLAN 


Spirited  and  Valuable  Discussion  Before  Metropolitan 

Section 

The  most  representa- 
tive meeting  of  aeronautic 
engineers  for  at  least  3 
years  discussed  the 
present  status  and  pros- 
pect of  aircraft,  with 
reference  to  the  opera- 
tion of  civilian  air-routes 
and  of  non-Governmental 
individual  craft.  Several 
members  traveled  long 
distances  to  hear  Prof. 
E.  P.  Warner,  the  So- 
ciety's vice-president  for 
aviation  and  associate 
professor  of  aeronautical 
engineering  at  the  Mass- 
achusetts Institute  of 
Technology,  discuss  Civil 
Aviation  in  1923.  In  ad- 
dition to  the  paper  that 
had  been  prepared  in  advance  of  the  meeting,  he  spoke  ex- 
temporaneously at  some  length,  one  of  his  major  premises 
being  that  all  figures  which  have  been  collated  indicate  that 
the  special  hazard  of  air  transport  resides  primarily  in  poor 
maintenance,  poor  piloting  or  poor  airplane  design  and  not  in 
the  inherent  nature  of  flight.  The  accidents  in  the  Air  Mail 
Service  are  so  few  that  they  can  be  deemed  virtually  non- 


E.  P.  Warner 


existent,  although  that  service  operates  under  conditions  that 
would  be  considered  impossible  for  any  passenger-carrying 
air-line  in  the  world.  In  England  there  has  been  only  one 
accident  involving  serious  injury  to  a  passenger  on  any  com- 
mercial line  in  the  last  2%  years,  during  which  time  nearly 
5,000,000  passenger-miles  have  been  flown.  A  Dutch  company 
has  covered  very  nearly  1,000,000  airplane  miles  without  a 
serious  accident,  and  at  least  one  French  line  has  a  perfectly 
clean  record.  The  crux  of  Professor  Warner's  argument  was 
that  to  gain  public  confidence  the  airplane  must  be  operated 
on  a  large  scale  for  a  considerable  period  of  time.  The  diffi- 
culty is  to  enlist  a  sufficiently  large  amount  of  capital  to  sup- 
port such  an  undertaking.  There  is  very  little  travel  relatively 
by  air  today  and  there  will  not  be  much  more  in  his  opinion 
so  long  as  the  public  idea  of  an  air-line  consists  of  a  small 
airplane  traveling  each  day  on  each  of  three  or  four  routes 
in  the  Country.  The  maintenance  of  ground  engineering 
and  mechanical  staffs  at  a  few  fields  for  the  purpose  of 
welcoming  a  few  airplanes  each  day  is  outside  the  realm 
of  practical  business  procedure.  Professor  Warner  thought 
that  as  a  general  thing  the  granting  of  subsidies  to  air- 
planes, which  is  common  practice  in  Europe,  will  not  be  help- 
ful in  the  long  run.  The  Government  should  extend  assis- 
tance in  this  Country  by  providing  ground  organization 
facilities  and  in  similar  ways.  The  establishment  of  landing- 
fields  is  obviously  a  Governmental  function.  The  Air  Mail 
Service,  which  has  an  unequaled  record,  should  be  extended 
by  Governmental  operation  and  also  through  contracts  with 
civilians.  The  greatest  contribution  to  aeronautics  during 
the  last  3  years  has  been  that  of  the  Air  Mail  Service,  in- 
cluding, of  course,  transcontinental  flight  by  day  and  by 
night. 

Professor  Warner  said  that  no  greater  number  of  passen- 
gers are  carried  by  aircraft  in  Europe  today  than  were 
carried  2  years  ago.  He  believes  that  the  relatively  high 
cost  of  travel  is  not  an  impediment.  In  fact,  considering 
the  depreciation  of  European  currency,  air  travel  is  in  some 
cases  cheaper  than  rail  travel.  The  supposed  danger  is 
what  keeps  the  public  from  flying.  Statistics  are  not  enough 
to  obviate  this,  direct  contact  with  large-scale  flying  being 
necessary.  The  speaker  deplored  the  fact  that  the  principal 
things  the  public  reads  about  aircraft  is  stories  of  great 
altitude  and  very  fast  flights.  He  stigmatized  aircraft 
stunting  and  acrobatics  as  the  curse  of  commercial  use  of 
aircraft.  One  thing  that  makes  flights  of  the  Shenandoah 
effective  is  the  fact  that  she  cannot  be  stunted. 

Alexander  Klemin  in  a  written  communication  advocated 
establishing  mail  and  express  service  before  concentrating 
upon  the  expansion  of  passenger  service. 

W.  B.  Stout  in  a  breezy  letter  stated  that  aviation  must 
"go  out  and  get"  for  itself.  No  aircraft  enterprise  is 
profitable  now,  the  present  airplanes  not  being  suitable.  A 
commercial  plane  must  be  developed.  The  enactment  of 
regulations  will  not  develop  aviation.  Machines  must  be 
able  to  operate  from  6  to  20  hr.  per  day  and  have  marked 
ability  to  fly,  climb  and  carry  freight.  The  way  must  be 
paved  with  present  conditions  recognized  and  accepted.  A 
sizable  portion  of  the  public  is  now  willing  to  pay  to  fly. 

R.  H.  Upson  advocated  "making  haste  slowly."  The 
public  must  be  given  time  to  accept  aircraft  in  a  whole- 
hearted way.  In  the  meantime,  much  progress  can  be 
made  by  improving  aircraft  as  well  as  securing  thoroughly 
reliable  engines  therefor.  Flying  must  be  maintained  con- 
sistently at  night.  The  future  of  aviation  is  in  the  hands 
of  a  few  adventurous  spirits,  and  commercial  flying  will 
come  with  a  rush  when  it  does  come. 

C.  F.  Redden  concurred  in  the  view  that  what  will  estab- 
lish aviation  is  confidence.  Thoroughly  well-maintained 
flights  over  established  routes  alone  will  serve  the  purpose. 
The  perfect  aircraft  will  not  arrive  in  any  shorter  time 
relatively  than  did  the  present  highly-developed  automo- 
bile. Aircraft  will  be  developed  by  the  operating  organiza- 
tions and  men.  The  flying-boats  maintained  by  the  company 
with  which  Mr.  Redden  is  associated  have  traversed  the 
water  between  Cleveland  and  Detroit  500  times,  carrying 
4000  passengers,  without  trouble.  Mr.  Redden  believes  that 
at  no  time  during  the  operations  of  this  company  would  its 
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been   increased  much  by  reducing  the  price 

■  mly  of  the  opinion  that  the 
in    the    maintenance    of    civilian    air-routes 
.januations.  and  that  as  a  result  of  their  work  the  air- 
be   improved   in  construction.     In   the  service   that 
•een    maintained    by    the    company    for    over    3    years. 
more  than  1.000.000  passeager-mflea  have  been  down,  over 
30.000    persons    having    been    carried,    with    only    1    serious 
accider  v      Mr     Keddcn    believes    that    a    successful   operating 
company  can  be  organized   anywhere   in  this   Country  today, 
been   proved   to  be   safe.      He   feels   that   there 
■f  the  public  to  fly. 
Augustus    Post    urged    the   necessity    for   establishing   ad- 
nal  landing-fields.      He  mentioned  briefly  a  considerable 
■    of    freight    carried    by    air    in    Europe,    this    being 
maintain  business   in  the  articles   in  question. 
He   is    of   the   opinion    that   business   cannot   continue   much 
longer    to    deny    itself    the    advantages    of    aviation.      The 
telegraphic    service    would     not    be    abolished    today.       He 
referred    to   the   airship   as    the   most    suitable    medium    for 
-.e  those  across  oceans. 
'       I.oening   mentioned   successful    flying  that   has 
been    done    for    more    than    3    years    by    individuals,    the 
reason    for   this   being   the   time    saved.      He   said   that   120 
privately  owned  airplanes  were  flown  to  St.  Louis  from  var- 
t'arts  of  the  Country  at  the  time  of  the  Air  Meet  there. 
He  averred  that  there  are  not  that  many  civilian  airplanes 
in    Europe.      The    St.    Louis    demonstration    is   an    excellent 
example  of  what  can  be  done  after  a  proper  start  is  made. 
Mr.    Loening    spoke    of    the    limitations    placed    upon    the 
dirigible  by   weather  conditions  but  declared  that  the  feasi- 
bility of  traveling  by  airplane  120  m.p.h.  for  1000  miles  is 
a  salable  thing  today. 

R.  B.  C.  Xoorduyn,  in  mentioning  the  European  subsidies, 
^aid  that  some  of  these  are  limited  to  two-thirds  of  the 
loss  of  operating  companies  and  that  some  of  the  subsidy 
payments  have  resulted  in  good  engineering  development. 
He  recommended  that  muffler  experts  devote  their  attention 
to  aircraft,  as  the  noise  of  aircraft  causes  some  of  the  fear  of 
them.  With  regard  to  staying  in  the  air  20  hr.  per  day,  the 
only  thing  that  prevents  this  is  the  necessity  of  changing 
engines.  He  did  not  agree  with  Mr.  Redden  that  organiza- 
and  not  airplanes  make  air-lines.  It  is  a  matter  of 
the  craft  to  a  large  extent.  Nothing  but  fog  will  stop  the 
flight  of  an  airplane  today. 

M.    L.    Paterson   referred   to  ballooning  done  at   night   in 
1835,  and  also  to  the  extensive  aircraft  flying  done  during 
the  war  practically  without  lighting  equipment.     Mr.  Pater- 
associated   with   the  company  that  was   intimately 
•  rted    with   the   development  of   the   beacons   that   were 
used    to   light   the   route   from    Chicago   to   Cheyenne  during 
the    time   of   the    Air    Mail    night   flights.      There   are   three 
f  these  beacons:  36-in.  arc  searchlight  of  450,000,000 
:  «-in.  incandescent  and  acetylene  lights.     There  are,  of 
arious    phases  of   illumination   for  night  flying,   in- 
cluding   landing    lights   on    planes   and    boundary   lines   for 

;;rman  Corndhu  T.  Myers'  conclusion,  as  a  layman  so 
far  :.  lUtics  is  concerned,  was  that  in  that  art  every- 

thing progress  and  everyone  is  helping  everyone  else. 
At    the   close   of   the    meeting    films    were    shown    by   the 
marine  Company  of  flights  of  seaplanes  and  by  the  War 
Depart!)  •  aught  bombing  tests. 


m\m  i  \<  ii  niv,  monk  qiiet  <;k\kiv. 


Detroit    Section    Production    Meeting    Produce!    Verj 
\  unable  Diacuation 

at  noi.se  and  production  methods  for  combating  it  were 
the  topics  discussed  at  the  Detroit  Section's  first  monthly 
production  meeting  on  Haw.  1".  This  meeting  can  be 
corded  truthfully  as  one  of  the  most  interesting  production 
sessions  ever  held  by  the  Society.  Over  200  were  present 
and  every  man  seemed  to  feel  that  he  had  profited  greatly 
by    his    attendance.      All    of   the    talks    were    informal    con- 


tributions to  a  scheduled  round-table  discussion  of  the  ques- 
tion as  bo  whether  gears  need  to  be  ground  to  achieve 
reasonably  quiet  running.  Kepresent.it ives  of  the  follow- 
ing companies  spoke;  Cadillac,  Chandler.  Lincoln,  Packard, 
Refl  and  Studebaker.  The  more  important  points  that  were 
presented  are  recorded  in  the  fallowing  report  of  the  meeting. 
Because  of  their  practical  value,  each  of  the  informal  dis- 
cussions is  to  be  printed  in  the  form  of  a  complete  illus- 
trated paper  in  a  future  issue  of  Tin   JV\  RJNAl  . 

Fundamental  Analysis  of  Geab  Noise 

W.  R.  Griswold  of  the  Packard  engineering  staff,  opened 
the  program  with  an  interesting  presentation  of  the  ele- 
mentary causes  of  gear  noise.  He  called  attention  to  the 
fact  that  two  changed  conditions  are  responsible  for  the 
present-day  general  complaints  against  gear  noise;  first, 
gear-ratios  are  much  higher  than  in  the  past;  second,  a 
majority  of  the  cars  now  being  built  are  fitted  with  enclosed 
bodies. 

If  an  alarm  clock  is  allowed  to  ring  inside  a  glass  jar 
from  which  all  air  has  been  exhausted,  its  sound  cannot  be 
heard.  Mr.  Griswold  cited  this  experiment  to  demonstrate 
that  sound  must  pass  through  some  medium  to  be  heard. 
Vibration  and  wave  motion  are  the  source  of  all  sound. 
Unfortunately,  requirements  of  strength  and  durability 
force  the  use  of  the  most  resonant  materials  in  transmission 
gears.  Vibration  is  set  up  in  these  resonant  metallic  sub- 
stances in  three  ways;  first,  by  inaccuracies  in  the  rolling 
surfaces  of  the  teeth;  second,  by  the  elastic  action  of  the 
gear  teeth  and  the  supporting  shafts;  and  third,  by  the  re- 
versal in  direction  of  the  frictional  forces  as  the  gears  rotate 
under  load.  Mr.  Griswold  called  attention  to  the  fact  that 
the  speed  of  sound  is  greatest  through  liquids  and  metallic 
solids,  the  two  mediums  of  sound  transmission  present  in 
all  gear-boxes.  He  cited  several  interesting  elementary 
physics  experiments  to  illustrate  the  fundamental  causes  of 
noise. 

Methods  of  Attacking  the  Noise  Problem 

In  conclusion,  Mr.  Griswold  said  that  there  were  four 
ways  of  attacking  the  gear-noise  problem 

(1)  Deliberate  exhaustion  of  all  experimental  schemes, 

trying  various  modification  of  tooth  form,  pres- 
sure angle,  pitch,  material  and  bearings,  until 
quiet  is  attained  by  a  process  of  elimination 

(2)  Discovery    of   the   causes   by   evolution   or   by   ac- 

cident, the  least  promising  way,  no  doubt 

(3)  Determination  of  the  causes  and  then  controlling 

them  at  the  source  to  prevent  possibility  of 
noise.  This  calls  for  extremely  careful  manu- 
facturing and  inspection 

(4)  Partially  controlling  the  causes,  and  then  apply- 

ing corrective  measures  after  the  production  of 
the  parts,  such  as  by  grinding,  burnishing,  lap- 
ping or  polishing 

This  presentation  by  Mr.  Griswold  of  fundamentals  served 
as  an  appropriate  introduction  to  the  talks  that  followed. 

HOBBED    AND    OlL-TREATED    GEARS    MORE    ACCURATE 

Conclusions  reached  by  the  Studebaker  manufacturing 
organization  on  the  matter  of  attaining  gear-accuracy  were 
presented  by  O.  H.  Shaffer.  Their  studies  of  the  gear 
problem  have  led  them  to  favor  cutting  the  gears  more 
irately  by  employing  the  bobbing  process  and  then  oil- 
treating  them  to  avoid  distortions  in  hardening.  Cur\es 
were  shown  to  illustrate  the  effect  of  carbonizing  and  harden- 
•  n  an  accurately  cut  tooth  and  to  support  the  contention 
that  bobbed  teeth  are  more  accurate  than  those  which  are 
milled  or  shaped.  Both  of  the  heat-treating  operations 
tend  to  shorten  the  full  depth  of  the  green  tooth,  with  a 
■  quent  deformation  of  its  face  due  to  the  expansion  of 
the  thickness  at  the  pitch  circle.  It  is  the  opinion  of  the 
Studebaker  men  that  gear  grinding  can  be  dispensed  with 
if  the  teeth  are  rut  with  accurate  hobs  from  a  steel  suitable 
for   oil-treatment. 
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Cadillac  Favorable  to  Gear-Grinding 

L.  A.  Danse  spoke  for  the  manufacturing  division  of 
the  Cadillac  Motor  Car  Co.  He  said  that  their  experience 
with  the  gear-grinding  method  had  sold  them  completely  on 
the  advisability  of  grinding  gear-teeth  after  hardening.  He 
was  most  enthusiastic  in  his  praise  of  the  results  achieved 
in  the  Cadillac  plant  saying  that  transmission  tear-downs  had 
been  reduced  from  30  per  cent  to  less  than  5  per  cent  of  the 
daily  production.  Since  these  tear-downs  cost  in  the  neigh- 
borhood pf  $2.50  each,  the  saving  is  a  material  one  and  partly 
offsets  the  cost  of  the  grinding  operation.  About  3  per  cent 
of  the  old  cut  gears  failed  to  pass  inspection  and  had  to  be 
scrapped;  grinding  has  reduced  this  loss  to  less  than  %  of 
1  per  cent.  Ground  gears  run  so  much  more  quietly  than 
cut  gears,  that  the  Cadillac  inspectors  now  complain  about 
transmission  bearing  noises  that  were  not  noticeable  before 
the  introduction  of  the  tooth-grinding  process.  Mr.  Danse 
believes  that  the  persistent  campaign  for  quiet  transmissions 
will  lead  to  the  development  of  transmission  cases  that  will 
act  as  mufflers  of  the  gear  noises  instead  of  tending  to 
amplify  them.  He  stated  that  Cadillac  engineers  are  con- 
templating a  change  in  the  transmission  to  eliminate  the  so- 
called  cluster  gears  on  the  countershaft,  making  them  separ- 
ate so  that  the  teeth  on  all  gears  could  be  ground.  This 
is  indicative  of  their  faith  in  the  gear-grinding  process  as  a 
noise  deterrent. 

Unquestionably,  gear  life  is  lengthened  when  the  teeth  are 
ground,  Mr.  Danse  stated,  but  he  was  unable  to  quote  any 
specific  percentage,  although  this  factor  is  under  observa- 
tion. He  gave  a  very  complete  description  of  the  gear- 
grinding  machine  used  in  the  Cadillac  works,  but  this  will 
not  be  repeated  here  since  it  has  been  covered  fully  in 
The  Journal1. 

Metallurgical  Considerations 

Gear-grinding  was  adopted  in  the  Cadillac  plant  after  a 
series  of  exhaustive  experiments  carried  on  over  a  period  of 
years.  Almost  every  conceivable  kind  of  gear  steel  was 
tried  in  these  experiments  in  an  endeavor  to  overcome  the 
warping  of  the  teeth  in  the  hardening  process.  Carbon-steels, 
nickel,  chromium,  vanadium  and  molybdenum  alloy-steels 
were  all  tried  in  turn,  but  without  appreciable  success. 
These  experiments  led  to  the  final  adoption  of  S.A.E.  Steel 
3250,  oil-treating  stock,  in  all  Cadillac  transmission  gears. 
Although  many  types  of  pots,  compound  and  heating  schemes 
bad  been  tried,  Mr.  Danse  said  that  he  had  been  unable  to 
carburize  gears  within  30  to  40  per  cent  of  the  accuracy 
obtainable  with  oil-treating  methods.  All  manner  of  fixtures 
and  clamps  were  used  in  trying  to  control  distortion  during 
the  case-hardening  process  but  without  favorable  result. 
All  Cadillac  transmission  gears  are  now  oil-treated;  rear- 
axle  gears  have  not  been  oil-treated  as  yet,  but  Mr.  Danse 
believes  that  eventually  this  will  be  done  with  considerable 
success. 

One  of  the  most  interesting  contributions  of  the  evening 
was  Mr.  Danse's  comment  on  metal  flow-lines  in  the  forged 
gear-blank  and  their  effect  upon  gear-tooth  strength  and  gear 
distortion.  At  one  time  the  Cadillac  engineers  conducted  a 
series  of  impact  tests  on  gear  teeth  to  determine  their 
ultimate  strength.  It  was  found  that  all  teeth  on  the  same 
gear  did  not  have  the  same  relative  strength.  Investigation 
showed  that  two  of  the  teeth  on  a  particular  center-line 
had  a  maximum  of  strength  and  that  those  teeth  on  a 
center-line  at  right  angles  to  this  one  of  maximum  strength 
showed  a  minimum  of  strength.  After  etching  some  gear 
blanks  with  acid  to  bring  out  any  grain  lines  in  the  metal 
it  was  noticed  that  these  lines  passed  through  the  blanks 
in  the  manner  shown  in  the  accompanying  illustration.  The 
teeth  shown  at  b,  having  the  flow  lines  passing  through 
them  longitudinally,  proved  to  be  the  strongest  teeth;  the 
teeth  shown  at  a,  having  the  flow  lines  running  across  them, 
were  the  weakest  teeth  on  the  gear.  Careful  checking  of 
results  showed  this  condition  to  exist  in  all  gears  forged 
from  the  conventional  steel  billet. 


1  See  Journal,  June,  1923,  p.  543. 


Metal  Flow  or 
Grain  Lines 
in  Billet 


Diagram   Showing   the   Relation   between   the  Strong   and  the 
Relatively  Weak  Gear  Teeth  and  the  Grain  Lines  in  the  Billet 

Upset  Blanks  Give  Uniform  Tooth-Strength 

These  tests  demonstrated  the  desirability  of  using  gear 
blanks  in  which  the  flow  lines  would  radiate  outward  from 
the  center  of  the  blank.  Experiments  showed  that  blanks 
with  this  characteristic  could  be  made  by  cutting  circular 
discs  from  the  end  of  round  bar  stock  that  had  been  sub- 
jected to  an  upsetting  operation  to  produce  the  desired 
radial  flow  of  the  metal.  Such  upset  blanks  are  now  being 
used  for  Cadillac  gear  forgings. 

Tests  made  on  rear-axle  bevel-gears  showed  that  the 
weakest  teeth  on  a  gear  cut  from  the  forged  blank  withstood 
an  impact  of  only  260  ft-lb;  whereas,  all  teeth  on  a  gear 
cut  from  one  of  the  upset  blanks  withstood  an  impact  of 
1300  ft-lb.  This  is  certainly  an  impressive  increase  in 
strength  and  can  be  attributed  entirely  to  the  fact  that  the 
metal  flow-lines  in  the  upset  blank  run  radially  through  the 
teeth  instead  of  running  around  the  ring.  This  also  has  a 
marked  effect  upon  the  tendency  to  warp,  the  upset  blank 
causing  relatively  little  warping. 

Lincoln  Gears  Burnished  and  Polished 

R.  E.  Linn  of  the  Lincoln  production  staff  described 
methods  of  burnishing  and  polishing  gear  teeth  that  have 
proved  effective  in  reducing  gear  noise.  Burnishing  is  done 
by  running  the  green  gear  in  the  middle  of  a  group  of  three 
accurately  cut  and  hardened  gears  whose  centers  are  located 
on  the  vertices  of  a  triangle.  All  three  gears  mesh  with 
the  gear  being  burnished.  There  should  be  a  different  num- 
ber of  teeth  in  the  three  hardened  gears  so  that  the  effect 
of  a  hunting  tooth  is  secured,  thus  preventing  the  meshing 
of  the  hardened  teeth  with  the  same  spaces  on  the  soft  gear 
throughout  the  burnishing  operations.  This  burnishing 
operation  seems  to  roll  or  lay  down  the  roughness  of  the 
tooth  surface  as  left  by  the  cutter  and  makes  an  appreciable 
improvement  in  the  quietness  of  the  gears.  Each  gear  is 
burnished  by  rotating  it  for  about  5  sec.  in  each  direction. 

Greater  accuracy  was  attained  in  shaping  Lincoln  gear 
teeth  by  polishing  the  cutters  used  on  the  gear-shaping 
machines.  A  special  polishing  machine  devised  for  this 
purpose  is  now  used  also  for  polishing  the  gears  after  the 
burnishing  operation.  This  machine  follows  the  generating 
principle  of  the  gear-grinding  machines  now  in  general  use 
but  employs  a  rubber  buffing  wheel  that  is  coated  with  tallow 
and  emery-cake  as  an  abrasive.  About  3  or  4  min.  is  required 
to  polish  the  average  transmission  gear  on  this  machine. 
Ground  gears  can  be  polished  by  this  method  and  the  teeth 
given  a  mirror  finish.  Mr.  Linn  agreed  that  the  grinding 
process  was  effective  in  correcting  tooth-profile  variations 
due  to  warpage  in  hardening. 

Reo  Has  Rigid  Cutter  Inspection 

Variations  in  gear  teeth  were  traced  by  the  Reo  organiza- 
tion to  inaccuracies  in  the  cutters.  W.  G.  Hildorf  described 
a  rigid  system  of  cutter  inspection  used  in  the  Reo  works 
to  assure  new  cutters  being  accurate  and  being  kept  so.  All 
cutters  are  checked  with  a  comparator  and  subjected  to  an 
additional  test  by  inspecting  two  sample  gears  produced  by 
each   cutter,   these   gears   being   rolled   together  on   a   gear- 
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i.     All  cutters  are 
tagged  a:  a  card  file  so  that  their  periodic   in- 

:ioo  can   t 
Reo  gears  are   cut    from   upset   forgings   similar  to   those 

:s    Ued.      The    up- 

■  g  opera',  to  minimize  warping  in  the  carburiz- 

itions    made   at 
inclusion  that  most  waj 
as  abnormal  steel,  that  is.  steel  that 
.rize  properly  but  tends  to  develop  soft   - 

•>urnishing  method  satisfactorily. 
but  some  •  pears  are  now  being  ground,  particular- 

r-insmission-mounted  in  closed  cars. 

Burnishing  Method  Used  by  CHANDLER 

B.   Frauenthal.  chief  inspector  of  the  Chandler  Motor 

Car  Co.,  wondered   how  far  manufacturers  could  go  in   the 

procure  quiet  gears  and  made  the  rather 

comment   that   each   manufacturer   is    now   scram- 

■  to  attain  the  same  degree  of  gear-quietness  as  his  com- 

The  Chandler  gears  are  made  of  chrome-carton 
created.  He  confirmed  the  Studebaker  conclusion 
that  oil-treating  caused  less  tooth  distortion  than  carburiz- 
ing.  Although  all  gears  in  the  Chandler  transmission  are 
in  constant  mesh,  a  satisfactory  degree  of  quiet  is  achieved 
by  burnishing  the  teeth  both  before  and  after  hardening. 
Gears  are  run  for  less  than  5  sec.  in  the  burnisher  and 
only  in  one  direction.  Mr.  Frauenthal  said  that  gears  could 
be  spoiled  easily  by  doing  too  much  burnishing.  He 
favored  putting  all  back-lash  in  the  larger  gears  since  this 
affected  the  least  alteration  in  the  tooth  contour. 

December  Meeting 

The  next  production  session  of  the  Detroit  Section  will 
be  held  on  the  evening  of  Dec.  20  in  the  General  Motors 
Building  at  8  o'clock.  Enameling  of  steel  bodies  with 
pyroxylin  base  materials  will  be  the  subject  and  will  be 
treated  from  both  the  production  and  the  engineering  stand- 
points. The  customary  dinner  at  6:30  p.  m.  will  precede 
the  meeting. 


J.  F.   PU.MKK   N<n    WITH  DIN  LOP 

Through  a  regrettable  error  in  the  story  of  the  Buffalo 
Section's  Oct.  29  meeting,  on  p.  -129  of  the  November  issue 
HE  Journal.  J.  F.  Palmer,  who  addressed  the  meeting. 
was  reported  as  being  connected  with  the  Dunlop  Tire  & 
Rubber  Co.  Mr.  Palmer  is  consulting  engineer  with  the 
Hewitt  Rubber  Co.  of  Buffalo,  and  has  no  connection  with 
Dunlop. 


TO  DIS<  I  -    M  TOMOTTVE  FUEL  PROBLEM 


St   Lord 


i«, 


Intern  .in    Petroleum    butftnte   i<>    Meet    in 

I). ..  II  to  13 

American    Petroleum    Institute    has    issued    the    pre- 
liminary" program  for  its  fourth  annual   meeting  to  be  held 
at  the   Hotel    Statler,  St.  Louis,  Dec.   11   to  13.     Among  the 
items   of   particular  interest  to  the  members  of  the  Society 
are  an  all-day  discussion  of  the  automotive  fuel  problem  on 
12.     At  the  morning  session  a  paper  on  the  Fuel  Prob- 
lem from  the  Standpoint  of  the  Automotive  Industry  will  be 
and  Dr.  6.  K.  Burgess,  director  of  the  Bureau  of 
Standard.",   will   outline  the   progress   made   in   the  coopera- 
in  a  paper  entitled.  What  is  Good  Gas*. 

-ession    W.    S.   James,   of   the   Bureau    of 
Standards,  will  present  a  paper  on  Service  Tests  of  Lubri- 
cants in  Automotive  Engines,  and  Thomas  Hidgley,  Jr.,  vice- 
of  the  '.  Ifotora  Cbendei     I         .ill  speak 

on  tbi  I  Anti-Knock   Fuels.     At  the  general  ses- 

sion on  the  evening  of  Deo.  12  three  papers  will  be  presented, 
one  of  which,  entitled  What  the  Automotive  and  Oil  In- 
d«wtr  r  Each  Other,  will  he  by  H.  I..   Horning, 

al  manager  and  ;■•  Waukesha  Motoi 

representing  the  Society  of  Automotive  Engineers. 


The  annual  dinner  will  be  held  on  the  evening  of  1 K  ■ 
IS  at  8  o'clock  in  the  ballroom.  An  invitation  has  beei 
tended  by  the  American  Petroleum  Institute  to  any  members 
of  the  Society  who  care  to  attend  the  dinner.  Persons  de- 
siring tickets  should  make  reservations  promptly  through 
the  office  of  the  American  Petroleum  Institute.  17  West  -l-lth 
Street,  New  York  City,  and  a  check  in  the  amount  of  $6 
for  each  place  desired  should  accompany  all  requests  for 
reservations.  If  more  than  one  ticket  is  requested  the  name 
or  names  of  all  persons  should  In-  sent  to  avoid  duplicating 
reservations  and  to  insure  proper  seating  arrangements. 


MAINTENANCE  BIG  TRANSPORT  PROHLKM 


Mid-W  esl 


David   Beechoi-t 


Hears    Beecxoft    Analyse    Truck    and    Bus 
Situation   at    November   Meeting 

In  the  motor  transport 
field  there  exists,  between 
the  producer  on  the  one 
hand  and  the  consumer  on 
the  other,  a  set  of  rela- 
tionships that  of  necessity 
must  be  carefully  con- 
sidered if  the  greatest 
measure  of  success  is  to 
come  to  both  parties  for  a 
given  expenditure  of  ef- 
fort and  money.  It  was 
with  this  thought  in  mind 
that  David  Beecroft,  gen- 
eral manager  of  Motor 
Transport,  prepared  the 
paper  on  The  Relation  of 
the  Automotive  Manu- 
facturer to  Motor  Trans- 
port which  he  presented 
at  the  Nov.  9  meeting  of 
the  Mid-West  Section., 
The  motor  truck  and  the  motorbus  are  100-per  cent"  ma- 
chines of  industry.  They  are  just  as  completely  dollar- 
earners  for  their  owners  as  the  printing  press  is  for  the  pub- 
lisher, as  the  steam-shovel  is  for  the  building  contractor  or 
as  the  locomotive  is  for  the  railroads. 

Former  Relation  of  Maker  to  User  Discussed 

Two  major  causes  contributed  to  the  lack  of  as  close  rela- 
tionship between  the  builder  and  the  consumer  as  would 
have  been  desirable  during  the  past  3  years.  First,  accord- 
ing to  Mr.  Beecroft,  came  the  influence  of  the  system  of 
passenger-car  sales  through  the  distributor  and  dealer  plan 
of  organization.  This  plan  was  too  literally  followed  by  not 
a  few  motor-truck  merchandising  policies  and  it  kept  the 
builder  and  the  consumer  apart,  except  as  the  former  found 
it  necessary  to  Bend  his  special  sales  representatives  to  assist 
the  dealer  in  carrying  out  the  sale.  Where  branch  bona 
organization  was  relied  upon,  a  much  closer  contact  bet.- 
the  two  parties  resulted. 

ondly,  came  the  lack  of  a  keen  realization  that  motor 
trucks  can  only  be  well  sold  if  sold  by  virtue  of  their  dollar- 
earning  rapacity.  To  these  two  reasons  for  lack  of  close 
relationship  between  the  factory  and  the  consumer  might  be 
added  a  third  contributing  factor,  namely  the  influence  of 
the  war  with  its  unexpei  ted  demand  for  vehicles  due  to  the 
stimulation  of  industry  and  also  to  the  assistance  the  rail- 
required  during  those  years.  A  clear  vision  of  how 
the  builder  and  the  consumer  should  travel  side  by  side  and 
step  by  step  in  shaping  the  motor-transport  industry  during 
these.  .  has  been  lacking. 

Engineer  Mist  be  Future  Link 

In  considering  the  part  the  engineer  should  play  in  this  work 
of  closer  relationships  he  should  be  looked  upon  as  the  repre- 
sentative of  the  producer,  as  he  has  been  responsible  for  the 
design  of  the  vehicle  that  has  been  sold  into  the  dollar-earn- 
ing zone  of  the  user.     Alongside   of  the  engineer   must  be 
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considered  the  sales  organization  that  has  been  the  one  con- 
necting link  between  the  factory  and  the  user. 

The  consumer  is  purchasing  transportation  today,  rather 
than  buying  chassis  specifications.  As  Mr.  Beecroft  pointed 
out,  the  truck  user  or  fleet  owner  has  a  transportation  prob- 
lem. He  formerly  used  the  horse  as  the  power  generator, 
his  animal  locomotive,  if  the  term  may  be  used.  He  built  his 
entire  system  of  transportation  around  this  animal.  The 
boundaries  of  his  business  zone  were  determined  by  the  mile- 
age capacity  of  the  animal;  the  shipping  room  facilities  were 
planned  in  accordance  with  horse  pace  and  capacity.  The 
horse  was  the  key.  Then  came  the  motor  truck  which  was 
injected  into  this  horse  zone,  into  this  system  of  transporta- 
tion that  was  framed  around  the  animal.  It  was  but  natural 
to  use  the  motor-truck  first  as  a  substitute;  but  there  was 
no  reason  why  the  engineer  and  the  builder  should  not  have 
gone  into  the  field  and  studied  at  first-hand  the  transport 
needs  of  the  user  and  scientifically  applied  the  vehicle  to  the 
work.  Work  of  this  character  was  started  in  1911,  but  it 
was  done  largely  by  the  sales  end,  the  sales  engineering  end 
as  it  was  frequently  called.  Unfortunately  this  work  was 
not  so  general  as  it  should  have  been.  It  was  unfortunate, 
too,  that  the  engineer  was  not  more  generally  injected  into 
this  work. 

Maintenance  an  Engineering  Problem 

Mr.  Beecroft  presented  as  a  major  consideration  to  which 
the  attention  of  engineers  should  be  directed  the  thought 
that  the  present  design  of  vehicle  must  be  greatly  modified 
to  meet  the  change  in  times.  As  engineers  the  work  lies 
ahead.  The  engineer  must  get  the  owner's  viewpoint  and 
design  what  might  be  termed  a  maintenance  engine,  as  well 
as  a  power  engine  or  a  factory  production  engine.  All 
engines  must  be  repaired,  must  be  overhauled,  must  be  re- 
built. When  laying  out  the  engine  on  the  drafting  board, 
the  engineer  should  have  three  standards  of  measure  before 
him.    He  must  design 

(1)  A  power  generator  on  a  par  with  or  better  than 

his  competitor 

(2)  A    powerplant   that  permits   of   economic   produc- 

tion 

(3)  A   powerplant  that   permits    of   economical   main- 

tenance in  the  hands  of  the  user 
Of  these  three,   the  last  gives  evidence  of  primary   impor- 
tance, but  all  three  units  of  measurement  should  be  before 
the  engineer  in  all  of  his  work. 

Fleet  Owners  Study  Transportation  Costs 

When  one  considers  that  these  vehicles  are  dollar  earners 
and  that  they  can  only  earn  dollars  w-hen  they  are  in  work- 
ing condition,  it  will  be  seen  why  the  owner  is  considering 


the  maintenance  aspect.  Every  day  the  vehicle  is  out  of  ser- 
vice for  repairs  means  a  loss  of  revenue.  Earning  capacity 
is  generally  proportionate  to  the  number  of  days  the  vehicle 
is  in  service  from  the  time  of  its  purchase  until  it  is  dis- 
carded. Realizing  this,  fleet  owners  are  consulting  together 
not  only  on  matters  of  performance  and  maintenance  but 
also  with  regard  to  future  purchases. 

Here  is  an  example  of  bow  a  medium-sized  fleet  owner  is 
studying  his  transportation  costs  with  the  object  of  obtain- 
ing greater  efficiency.  He  has  brought  together  the  average 
yearly  index  price  figures  of  all  materials  that  enter  into  the 
operation  and  maintenance  of  his  vehicles  from  1917  to  1922, 
inclusive,  in  order  that  his  accountants  can  analyze  the  costs 
more  specifically  and  place  their  fingers  on  the  offending 
items.  Other  owners  of  small  fleets  are  installing  perpetual 
inventories  in  order  that  the  amount  of  money  tied  up  in 
spare  parts  can  be  reduced  to  the  minimum. 

Fleet  owners  who  have  used  motor  vehicles  for  many  years 
are,  in  not  a  few  instances,  creating  transportation  depart- 
ments for  the  complete  control  of  the  vehicles.  Department 
stores  have  been  leaders  in  this  activity,  but  it  is  now  being 
taken  up  in  several  other  lines  of  industry. 

From  8000  replies  of  fleet  owners  in  all  parts  of  the  Country 
the  numbers  operating  their  own  service-stations  are  as  fol- 
lows, these  replies  being  classified  according  to  the  number 
of  vehicles  operated: 

Number  of  Vehicles  Per  Cent 

10  or  more  88.9 

5  to  9  79.9 

3  and  4  60.4 

1  and  2  46.0 

This  great  percentage  of  private  service-stations  has  only 
one  message;  their  owners  have  set  their  teeth  to  the  work 
of  reducing  the  actual  cost  of  repairing  and  overhauling  and 
they  have  also  set  their  faces  toward  the  reduction  of  the 
time  a  vehicle  is  out  of  commission  during  such  work. 

Commenting  further  on  the  figures  given  above,  Mr.  Bee- 
croft explained  that  the  result  in  the  case  of  the  owners  of 
three  or  four  vehicles  was  due  to  the  fact  that  they  were  in 
relatively  small  places  and  owned  relatively  high-priced 
trucks.  In  some  cases,  such  a  fleet  would  be  made  up  of 
three  different  makes  of  the  highest-priced  trucks  on  the 
market.  It  does  seem  unfortunate  that  in  a  small  town  an 
operator  should  load  himself  up  with  three  different  makes 
of  vehicle  and  carry  the  maintenance  load  that  goes  with  it. 

Some  of  the  reasons  given  by  the  operators  of  three  and 
four-truck  fleets  for  maintaining  their  own  service-stations 
are  given  below,  taken  direct  from  the  replies  referred  to. 
This  group  was  chosen  to  represent  the  general  situation, 
as  what  applies  to  the  small  fleet  owner  applies  in  still 
greater  proportion  to  the  large  operator. 


Schedule  of  Sections  Meetings 

DECEMBER 


3 — Buffalo    Section — Automotive    Electrical    Equipment — William  Knopp 

4 — New  England  Section — Drop  Forgings  as  Applied  to  the  Automotive  Industry — John  H.  Nelson 

Inspection  of  Wyman-Gordon  Co.  plant,  Worcester,  Mass. 
5 — Proposed  Milwaukee  Section — Observations  on  My  European  Trip — H.  L.  Horning 

Minneapolis    Section — Air-Cushioning    of    Automobiles — V.  V.  Vannattan 
6 — Detroit  Section — Shock-Absorbers — J.  M.  McElroy 

Indiana   Section — Four-Wheel    Brakes — Round    Table  Discussion 
7 — Washington   Section— -Experimental    Aeronautical   Development — Major  L.  MacDill 
13 — Metropolitan   Section — Vehicles  for   Package   Delivery — Round  Table  Discussion 
14 — Mid-West  Section — What  I  Know  About  Engineering— Edward  S.  Jordan 
20 — Detroit  Section — Enamelling  of  Steel  Bodies  with  Duco — Round  Table  Discussion 


Mil 


December,  1928 


No.  l> 


THE  JOURNAL  OF  THE  SOCIETY    OF  AUTOMOTIVE  ENGINEERS 


as    much    importance    to   have   our    own 
garage  as  to  ha-.  n  shops 

>ave  50  per  cent  by  our  own  garage 
an  watch  our  trucks  Ik 
■an  keep  our  vehicles  in  good  operating  con- 

k  is  done  by  our  own  repair 
men 
•   repair  work  ia  more  accura 

pairs  made  when  we  want  thorn 
in  the  long  run  and  we  have  tried  both 
pla 

•  only  a  great  quantity  of  time  but  a  - 
amount  of  annoyance 

•  take  greater  interest  in  our  vehicles, 
knowing  they  are  repaired  by  our  own  organiza- 
tion 

at   the  future  holds  by  way  of  possible  equipment  on 
mott  -  and  buses  can   only   be  gaged   by  the   dollar- 

earning  value  devices.     There  is  only  one   reason 

that  any  equipment  will  live  in  the  transport  field  and  this 
it  it  shows  a  profit  when  measured  by  the  dollar-earning 
yard-' 

Mr.   Beecroft  cited  the  example  of  one  builder  of  motor- 
buses  who  is  meeting  the  new  times  that  demand  new  meas- 
and  too  often  new  men.     This  man  had  his  engineer 
ride  for  weeks  on  certain  bus  lines  to  talk  to  the  traveling 
public,  without  disclosing  his  identity,  to  get  their  point  of 
on  the  kind  of  buses  they  wanted.     At  the  same  time, 
a  sales  representative  was  taking  the  same  course  of  train- 
ing in  another  section  of  the  Country,  and  in  a  third  area, 
bos    driver    was    functioning    similarly.      The    builder 
learned  that  the  public  wants  to  ride  on  rubber  and  to  ride 
in  comfort,  and  best  of  all,  that  it  is  willing  to  pay  for  such 
service.     He  learned  that  of  two  of  his  own  buses  operating 
on  the  same  route,  the  greater  earner  was  the  vehicle  that 
gave  the  comfort  the  public  demanded  and  for  which  it  was 
willing  to  pay  the  extra  fare  charged. 

»um  up:     Transportation  is  the  business  for  which  the 
vehicle  was  designed  and  the  dollar-earning  capacity  of  the 
vehicle,  the  yard-stick  by  which  the  user  measures  its  success. 
In    the   discussion    which   followed,   W.    Z.    Pride    of   the 
Autocar    I  ribed    in    detail    the    development   of 

accounting  among  fleet  owners  to  lower  maintenance  costs. 
H.    L.    Horning  of  the   Waukesha   Motor  Co.,  pointed   out 
that  no  great  designer  ever  attains  anything  in  design  w 
he  translates   his  knowledge  of  design  into  things  that  will 
fit  human  nature.     Any  designer  who  thinks  that  his  idea  of 
a  design   on   paper  or   in   steel    is   more   important   than    the 
idea  of  the  man  who  is  using  it,  is  making  a  purposeless  de- 
sign.    Following   this   train   of   thought,    Mr.    Horning   sug- 
gested   possible    improvements    that   might   be   made    in    the 
design  of  motor-track  electrical  equipment,  spark-plugs,  push 
rods   and    carbureters.     He   also   laid   special   stress   on    the 
ment   in   the  design   of   valves  to  facilitate 
and  in  the  design  of  drivers'  seats  for  greater 
and    a    consequent    increase     in    efficiency.      Tem- 
and  the  composition  of  the  lubricating  oil  as  main- 
roogbt  forward  by  Mr.  Horninir. 
•ing  of  the  Mid-Wi  on,  Edward  S. 

:    -dan    Motor  Car   Co.,  will   speak 
I    Know  About  Engineering.     The   meeting  will  be 
1  1    in    the    rooms   of   the    Western    Society   of 
rtfc  Dearborn  Street.  Chicago.    It  will  be 
prec  U    informal  dinner  at  6:30  p.  m.  in  the  Chicago 

314  Federal  Street. 


Bancroft  Hotel,  Worcester,  Mass.  John  H.  Nelson,  head  of 
the  experimental  department  of  the  Wyman-Gordon  Co.  of 
Worcester,  will  be  the  speaker.  In  the  afternoon,  members 
of  the  Now  England  Section  and  their  guests  will  be  eon- 
ducted  through  tho  \Y\  man-Cordon  plant. 

VI  rOMOTlVE    ELECTRICAL    EQUIPMENT 

For  its  mooting  on  Dec.  :i,  the  Buffalo  Section  has  scheduled 
a  paper  on  Automotive  Electrical  Equipment  by  William 
Knopp,  sales  engineer  of  the  Dayton  Electrical  Laboratories 
Co.  The  meeting  will  be  held  at  the  Statler  Hotel,  Buffalo, 
beginning  promptly  at  8  o'clock.  There  will  be  no  dinner 
before  the  meeting  this  month. 


REPAINTING   AND  REFINISHING 


M  \\  ENGLAND  WILL  MEET]  INVORCESTER 

Another  combination   of  technical   meeting   and    plant   in- 
as  been  planned  for  the  meeting  of  the  New  Eng- 
land Section  that  is  to  be  held  on  Deo.  4.     Drop  Korgings  as 
Applied  to  the  Automotive  Industry  will  be  the  topic  of  the 
paper  presented  at  the  technical  meeting  at  8  o'clock  in  the 


Processes    for     Bodies,     Hoods.     Fenders     ami     Wheels 
Described  by  C.  0.  Thomae 

Hoods,  fenders  and  wheels  must  stand  more  wear  and  tear 
than  automobile  bodies,  but  less  care  is,  as  a  rule,  paid  to 
the  repainting  and  the  refinishing  of  these  parts.  For  this 
reason  C.  0.  Thomae,  technical  representative  of  Valentine 
&  Co.,  paid  particular  attention  to  their  treatment,  in  his 
talk  on  Repainting  and  Refinishing  of  Automobile  Bodies  at 
the  Nov.  2  meeting  of  the  Washington  Section. 

To  make  the  study  of  materials  and  methods  more  vivid  to 
his  hearers,  Mr.  Thomae  suggested  that  they  imagine  them- 
selves opening  a  paint  shop  to  which  cars  are  brought  for 
refinishing.  Five  basic  types  of  materials  are  required  for 
a  complete  automobile  painting  system:  Priming,  surfacing, 
coloring,  rubbing  and  finishing.  Before  any  work  is  begun, 
the  proper  color  must  be  selected.  The  owner  should  be  con- 
sulted to  make  sure  whether  he  wishes  the  car  restored  to 
its  original  color  or  to  the  darker  tone  it  has  reached  in  use. 
Such  a  consultation  will  save  trouble  later,  and  a  complete 
record  of  the  condition  of  the  car  when  received  in  the  shop 
as  to  dents,  plating,  interior  upholstery,  make  of  tires  and 
similar  information  will  also  save  complaints. 

Preparing  for  the  Color  Coats 

For  removing  the  old  paint,  any  of  the  paint  and  varnish 
removers  on  the  market  will  do.  It  should  be  put  on  with 
an  old  brush,  one  coat  after  another,  until  it  shrivels  the 
paint,  which  can  then  be  removed  with  a  broad-bladed  putty 
knife.  The  surface  should  be  sandpapered  smooth  and 
great  care  should  be  taken  to  remove  completely  any  rust 
.  for  rust  will  eat  through  any  number  of  coats  of  paint. 
Mr.  Thomae  recommends  deoxidine  as  a  rust  remover  to  be 
followed  by  careful  washing  with  clear  warm  water. 

Before  applying  the  priming  coat,  the  entire  surface  must 
be  wiped  off  with  a  mixture  of  denatured  alcohol  and  water 
to  remove  all  grease  and  dirt.  The  priming  coat,  the  founda- 
tion or  anchor  for  the  succeeding  coats,  should  be  spread  on 
thin  and  brushed  out  evenly,  as  it  will  not  stick  if  too  heavy 
a  coat  is  put  on.  It  is  important  to  adapt  the  primer  to  the 
surface  treated.  Lead  colors  can  be  used  on  wood,  but  they 
will  corrode  aluminum. 

After  the  priming  coat  has  had  the  proper  time  for  dry- 
ing, it  is  followed  by  what  is  called  half-and-half,  a  mixture 
of  equal  part-  of  keg  load  and  roughstuff.  Some  painters 
sandpaper  the  priming  coat,  but  Mr.  Thomae  objects  to  this 
practice  because  the  sandpapered  priming  coat  is  easily  cut 
through,  especially  at  the  edges.  Sandpapering  also  re- 
moves the  moisture-proof  film.  Another  bad  practice  is 
glazing  bodies  with  hard  putty  over  the  entire  surface.  This 
could  be  avoided  by  sending  the  body  to  the  paint  shop  with 
fewer  file  marks  and  imperfections  and  a  better  paint  job 
1  be  turned  out. 

Surfacing  comes  next.     On  high  grade  work,  roughstuff  if 

used  and  from  three  to  five  coats  are  applied   according  to 

ondition  of  the  metal.     Roughstuff  is  brought  down  to 

a  smooth  surface  by  using  water  and  sand:  tone,  followed  by 

lump  pumice  to  give  it  smoothness.     The  surfacer  used  on 
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rush  work  or  work  of  cheaper  grade  is  called  sanding  sur- 
faces As  it  is  a  shorter  material,  sandpaper  can  be  used  to 
give  it  a  smooth  surface;  but  if  dry  sandpaper  were  used 
on  regular  roughstuff,  it  would  gum  up  on  the  paper.  Great 
care  must  be  taken  to  dry  out  all  moisture  after  the  rough- 
stuff  has  been  rubbed  with  sandstone  and  water.  It  should 
stand  at  least  over  night.  The  following  day,  No.  00  sand- 
paper should  be  used  to  clean  out  the  corners  and  take  off 
the  sharp  edges.  The  body  is  then  ready  for  the  ground 
color. 

From  Ground  Color  to  Finish 

The  ground  color  should  stand  about  4  hr.  before  receiving 
what  is  called  second  coat  color,  which  should  also  stand 
about  4  hr.  The  proper  way  to  mix  Japan  color  is  to  beat 
it  up  thoroughly  with  a  wooden  paddle  and  then  add  the 
turpentine  gradually,  stirring  as  the  turpentine  is  added. 
This  will  produce  a  smooth  color  to  work,  but  if  the  turpen- 
tine is  poured  in  all  at  once,  the  color  will  have  a  sandy, 
gritty  appearance. 

The  first  coat  of  color  and  varnish  should  be  applied  in  a 
room  where  the  temperature  is  not  below  70  deg.  to  give  it 
freer  working.  The  proportion  of  color  to  varnish  should  be 
about  2  to  4  lb.  of  paste  color  to  1  gal.  of  varnish,  depending 
on  the  color  used.  In  mixing  color  and  varnish,  apply  the 
rule  used  for  mixing  the  color.  Beat  up  the  Japan  color 
with  a  paddle  and  add  the  varnish  to  it  gradually.  Care 
should  be  taken  to  have  this  first  coat  of  color  and  varnish 
absolutely  solid  covering.  The  time  allowed  for  drying  will 
vary  with  the  materials  used. 

Before  the  second  coat  is  applied,  it  is  usual  to  moss  off 
the  gloss  and  nibs  or  to  remove  them  with  wet  sandpaper. 
Edges  that  have  been  cut  or  stripped  should  be  carefully 
touched  up.  After  an  examination  to  make  sure  that  the 
color  is  solid,  any  particles  of  grit  that  remain  on  the  sur- 
face should  be  picked  up  with  a  tack  rag,  made  as  follows: 
Dip  into  rubbing  varnish  a  piece  of  cheesecloth  about  the 
size  of  a  large  handkerchief,  squeeze  and  spread  out  to  dry 
until  it  becomes  tacky. 

In  applying  the  second  coat  of  color  and  varnish,  use  the 
proportions  of  the  first  coat  of  color  and  varnish  and  add  to 
it  about  50  per  cent  of  rubbing  varnish.  In  building  up,  the 
pigment  should  gradually  be  cut  down.  After  the  second 
coat  has  thoroughly  dried,  it  should  be  rubbed  with  powdered 
pumice  stone  and  water  or  with  wet-or-dry  sandpaper.  Clean 
up  with  the  tack  rag  before  applying  the  third  or  tint  coat. 
When  this  third  coat  has  stood  the  required  length  of  time, 
it  should  be  rubbed  with  pumice  stone  and  water  and  the 
necessary  striping  done.  The  next  day  the  finishing  coat 
can  be  applied. 

There  are  two  methods  of  preparing  the  body  for  the  fin- 
ishing coat.  One  is  to  rub  slightly  with  rotten  stone  and 
water,  wash  clean,  tack-rag  and  finish.  The  other  is  to  use 
a  mixture  of  a  cup  of  gasoline  in  a  pail  of  water  and  one  or 
two  spoonfuls  of  olive  oil.  With  this  mixture  a  piece  of  silk 
is  used,  squeezed  out  almost  dry. 

Before  taking  up  the  special  problems  of  painting  the  hood, 
the  fenders  and  the  wheels,  Mr.  Thomae  gave  his  audience 
some  pointers  on  the  color  operation  and  sanding  surfacer. 
Blue  needs  special  treatment.  If  it  is  a  medium  or  dark  blue, 
a  little  varnish  or  linseed  oil  should  be  added  to  the  color, 
and  after  standing  about  4  hr.  the  blue  color  and  varnish 
should  be  applied.  If  blue  is  allowed  to  stand  too  long,  it 
gets  so  hard  that  when  the  color  and  varnish  is  applied  it 
does  not  get  a  chance  to  feed  on  the  hardened  color  and  will 
not  give  a  solid  covering.  After  the  third  coat  of  color  and 
varnish,  the  blue  should  be  protected  with  a  clear  coat  of 
rubbing  varnish  to  help  keep  out  the  moisture. 

The  sanding  surfacer  should  have  what  is  called  a  sealer 
coat  before  the  regular  Japan  color  is  applied,  to  add  elas- 
ticity. Some  painters  make  the  mistake  of  trying  to  crowd 
the  two  operations  into  one  by  mixing  a  sealer  with  the  color. 
The  sealer  is  meant  to  go  into  the  pores  and  penetrate  the 
short  material,  but  when  the  sealer  is  mixed  with  the  color, 
it  does  not  get  a  chance  to  do  the  work  for  which  it  is 
meant. 


Painting  the  Hood,  Fender  and  Wheels 

The  first  step  in  painting  the  hood  is  to  clean  it  thoroughly 
from  all  paint,  grease  and  dirt  before  applying  a  coat  of 
primer.  If  the  metal  is  not  smooth,  apply  one  or  two  coats 
of  sanding  surfacer.  When  dry,  sandpaper  right  down  to 
the  metal,  leaving  only  the  imperfections  in  the  metal  filled. 
After  another  coat  of  primer  is  brushed  on  thin,  the  opera- 
tions outlined  for  painting  the  body  can  be  followed  with 
the  exception  of  the  finishing  coat.  This  should  be  tougher 
varnish  than  the  regular  finishing  varnishes  used  for  the 
body,  as  the  contraction  and  expansion  are  much  greater  on 
the  hood. 

The  repainting  of  the  fenders  should  be  done  in  the  same 
way,  except  that  if  the  fender  is  to  be  black,  a  black  primer 
should  be  used,  followed  by  two  coats  of  black  color  and 
varnish  and  finished  with  the  tougher  varnish  used  for  the 
hood. 

Disc  wheels  can  be  repainted  by  the  method  used  for  the 
hood,  but  fewer  coats  will  be  needed.  On  wooden  wheels, 
after  the  paint  has  been  removed  and  the  surface  thoroughly 
cleaned,  a  coat  of  primer  should  be  applied,  followed  by 
putty  glaze,  if  necessary.  This  should  be  sandpapered  down 
absolutely  smooth,  before  a  second  coat  of  primer  is  put  on. 
The  usual  method  of  color,  color  and  varnish,  stripe  and 
finish  completes  the  job. 

If  a  car  is  to  be  recolored,  it  should  first  be  looked  over 
very  carefully  for  bruised  spots.  These  should  be  patched 
with  primer  and  filled  up  with  glazing  surfacer  or  roughstuff. 
When  all  grease  has  been  removed  with  gasoline,  the  sui-face 
should  be  rubbed  with  pumice  stone  and  water  or  wet-or-dry 
sandpaper.  When  the  bare  places  or  patched  spots  have  been 
touched  up,  the  regular  routine  of  color  and  varnish  and  so 
on,  as  outlined  for  repainting  the  body,  should  be  followed. 
If  the  color  is  to  be  changed,  it  will  be  necessary  to  apply 
a  coat  of  flat  color  before  the  color  and  varnish  is  put  on. 

Asked  about  the  refinishing  of  a  car  with  a  baked  enamel 
surface,  Mr.  Thomae  said  that  it  is  possible  to  refinish  such 
a  car  without  removing  the  enamel,  but  that  because  of  the 
greasy  or  oily  nature  of  the  finish  particular  attention  should 
be  paid  to  the  surfacing.  Washing  with  benzol  or  alcohol 
should  precede  the  priming  coat. 

One  frequent  cause  of  white  spots  on  the  cowl  and  the 
hood,  according  to  Mr.  Thomae,  is  the  use  of  a  strong  blue 
or  strong  gray  color  varnish  immediately  under  the  finishing 
coat.  Another  is  the  use  of  too  "short"  or  inelastic  a  finish- 
ing varnish,  with  a  consequent  spotting  on  the  hood  and  the 
cowl  which,  because  of  their  nearly  flat  position,  are  most 
directly  attacked  by  the  actinic  rays  in  the  sunlight. 

An  inelastic  coat  put  on  top  of  an  elastic  coat  is  responsible 
for  the  appearance  of  large  cracks  that  show  up  beneath  the 
surface  like  aligator  skin,  as  a  sample  panel  shown  by  Mr. 
Thomae  demonstrated. 

Major  Leslie  MacDill,  ofMcCook  Field,  Dayton,  Ohio,  will 
give  an  illustrated  talk  on  Experimental  Aeronautical  De- 
velopment at  the  next  meeting  of  the  Washington  Section, 
to  be  held  in  the  lecture  hall  of  the  Cosmos  Club  on  Dec.  7, 
at  8  o'clock. 


MILWAUKEE  TO  HEAR  H.  L.  HORNING 

The  Milwaukee  group  will  vary  its  program  of  meetings 
on  transportation  problems  at  the  December  gathering  when 
H.  L.  Horning,  of  the  Waukesha  Motor  Co.,  will  have  for 
his  topic  Some  Observations  on  My  European  Trip.  The 
meeting  will  be  held  in  Library  Hall  of  the  Milwaukee  Public 
Library,  Grand  Avenue  between  Eighth  and  Ninth  Streets, 
at  8  o'clock  on  Dec.  5. 


AIR-CUSHIONING  TOPIC  AT  MINNEAPOLIS 

V.  V.  Vannattan  is  slated  to  present  the  much-discussed 
topic,  Air-cushioning  of  Automobiles,  at  the  Dec.  5  meeting 
of  the  Minneapolis  Section.  The  meeting  will  be  held,  as 
usual,  at  8  o'clock  in  the  Manufacturers  Club,  Builders  Ex- 
change, Second  Avenue,  South,  between  Sixth  and  Seventh 
Streets. 
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shared  its  Nov.  t".  meet- 
Club.     R    \    Paige,  of  tin 
;al  Lam;    w  oral  Electric  Co.,  spoki 

ile    Head-Lamps    and 
substantially  the  same  suc- 
cessful p.>  presented  at  the  Summer  M 
ing  and  in  a  r-                 rm  at  the  Metropolitan  Section's  Sep- 

■  the  Summer  Meeting  paper 
was                                                            he  July  issue  of  Tut:  JOUR- 

-  brought   out    in   the  discus- 

■  meeting  and   substantially 
all  t-:                                               al   that   Mr.    Paige   pr.  - 

and  on  p;  tober  issue 

on  will  be  held  in  1 1 


SAN  I  R  v\<  [S(  0  Ml  MBERS  Ml  IT 

•  ty   living   in   San   Francisco   and    its 
-sful    ami    well    attended    meeting    Oil 
•  the  Hole'.  V.'hitcomb  in  that  city.     \V.  S.  Crowell 
on  brakes  and  George  G.  Crackel  of 
Tire    &    Rubber    Co.    presented    some    of    the 
adva  Pacific  coast  meet- 

are  being  arranged  by  A.  A.   MacCallum,  who  may  be 
addressed  at   115   New   Montgomery 
by  ar.;  who  are  interi 
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Dnponl    Engineer    to    Describe    New    Chemical    ami 

M  ft  bods  of  Using  It 

Duco.    the    new    Dupont    pyroxylin-base    finish,     will     be 
•  d,  especially  in  relation  to  the  enameling 
-el   bodies,   at   the   monthly    production   meeting  of   the 
a  on  Dec.  20.     A  Dupont  engineer  is  expected 
to  discuss  the  new  finish  from  the  technical  and  engineering 
standpoint,  including  a  survey  of  the  research  and  develop- 
ment work  on  it.     Russel  Rogers,  of  the  Oakland  Motor  Car 
weak  on  Duco  from  the  production  standpoint, 
meeting  will  be  held  in  the  General   Motors  Building. 
I  begin  promptly  at  8  o'clock  on  Dec.  20,  after 
■nary  dinner  at  in. 


'I  UK    ENGINEER     VM»     Mil     I  -I  I)    CAR 


Moel    Important    of    Dealers1    Problems    Discussed    at 
Cleveland  Section   Meeting 

In   opening  his  talk  on   The  Relation  of  the   Engineer  to 
em.  at  the  Nov.  19  meeting  of  the  Cleve- 
land .     I  ft,    g ••  '  ral    manager    of    Motor 
Traiu-iKirt,  laid  stress  on  the  fact  that  he  was  not  offering 
any  cure-all  for  the  used-ear  situation,  the  greatest  problem 

faced  today. 

It  .'.horn  this  problem 

Mr.    Beecroft    quoted    Edward    S.    Jordan, 

Jordan    Ml  flfect    that 

rroblem    facing    the    automobile   builder   today 

nng   the    public   against   the 

autor  -    that    builder's    product    second 

hand  any  definite  policy  on   rebuilding,  pricing,  ad- 

ing. 

i  Situation 

tant    has    this    used-car    problem    beer, me    that   a 
few  i  leral  Be  erve  Bank  of  Chicago  began 

takn  .  it,  and  no  -mall  col  Celt  among  Ch 

•  factor  injected  into  the  problem. 

month    '  e    Bank   sends  blanks  to  all 

Chicago  'i-  thi  DO  these  specific  que  their 

(1)   Boa  rr,a-  lid  you  sell  in  October? 


(2)    How  many  used  cars  did  you  buy  in  October' 
How  many  used  cars  had  you  on  hand  Oct.  31? 

<4>   How  many  used  cars  did  you  lm>   in  October,  19221 

How  many  used  cars  did  you  sell  in  October,  1922? 

(6)    How  many  used  cars  had  you  on  hand  Oct.  81,  1922? 

The  reason  for  th  attention  of  the  Federal   Reserve 

Bank  is  not  difficult  to  find.  The  bank  is  looking  for  the 
protection  of  its  member  banks  who  are  financing  dealers, 
and  the  bank  has  become  conscious  of  the  fact  that  tin- 
ability  of  the  dealer  to  sell  new  cars  depends  on  his  ability 
to  dispose  of  the  used  cars  be  has  on  hand  profitably,  and 
also  on   the   profits   or  losses   he   sustains   on   them. 

No  Profit  in  Used  Car  for  Dealer 

The  very  great  increase  in  the  sale  of  new  cars  during 
1923,  when  estimates  placed  the  number  of  new  sales  at 
approximately    3,800,000   vehicles,   has   resulted    in    more   used 

being  in  the  bands  of  dealers  today  than  in  any  previous 

year  at  this  season.  It  has  been  the  pressure  of  the  factories 
on  the  dealers  to  dispose  of  the  greatly  increased  volume 
of  new  cars  that  has  resulted  in  the  loading  up  of  the  dealers 
with  used  cars.  Tin-  trade-in  percentage  in  new-car  sales 
has  increased  this  year,  as  compared  with  former  years, 
and  the  dealer  is  confronted  with  a  more  serious  used-car 
situation  than  ever  before. 

If  the  dealer  could  sell  used  cars  so  as  to  make  money  on 
them,  there  would  be  good  business  in  selling  used  cars. 
but  today  the  dealers  lose  money  on  the  used  cars,  their 
profits  are  consumed  and  30  per  cent  of  them  are  forced 
out  of  business.  The  October  bulletin  of  the  National  Auto- 
mobile Dealers  Association  reported  used-car  losses  at 
1,000  lost  by  dealers  for  the  3  months  ended  Oct.  1. 
These  dealers  had  399,600  used  cars  on  hand  on  Oct.  1.  as 
compared  with  -130,000  on  April  1.  For  the  first  3  months 
of  1923,  these  dealers  had  on  hand  stocks  of  used  cars  that 
had  cost  them  $152,000,000.  They  admitted  that  this  figure 
was  §23,000,000  above  the  market  price  of  the  cars,  and 
later  reports  proven  this  estimate  to  be  true.  It  is  plain  that 
dealers  pay  too  much  for  the  used  car  and  so  cannot 
Bell  it  at  a  high  enough  figure  to  make  a  profit. 

The  dealers  are  faced  with  the  interesting  fact  that  they 
are  about  the  only  merchants  in  the  community  whose 
merchandise  returns  to  them  after  it  has  been  sold,  and  they 
find  that  their  major  problem  in  business  is  not  selling  new- 
automobiles,  but  in  buying  used  vehicles  once,  twice  and  in 
some  cases  three  times.  This  purchasing  problem  is  the 
leal  crux  of  the  used-car  business.     This  is  where  the  money 

i^      lOSt. 

Why  cannot  the  dealers  sell  the  used  cars  at  a  profit? 
The  first  and  a  very  important  reason  is  that  very  often 
the  dealer  discovers  that  he  cannot  rebuild  used  cars  as  they 
should  be  rebuilt  and  then  sell  them  for  what  they  are  really 
worth.  Tin-  public  lacks  confidence  in  used  cars  that  are  not 
rebuilt,  but  sold  on  what  is  known  as  the  "as  is"  basis,  that 
old    "ii    as   purchased  second   hand   from   the  consumer. 

Why    have    so    many   dealers   sold    used   cars  on    this    un- 
satisfactory    "as     is"    basis?       Letters    from    representative- 
dealers  in  all  parts  of  the  Country  show-  that  dealers  doing 
business   in  districts  where  conditions  differ  and  selling  new 
that  go  into  distinctly  different  fields,  give  very  similar 
reasons  for  the  present  trouble.     A  summary  of  these  lei 
makes    it    plain    that   tin-   dealers    feel    that    if    the   cars   are 
originally   built   properly   by   the  engineers,  or  by  reason  of 
there  is   longer  life  in   the  cars,   if    costs  less  to 
haul    them   and  the   used  cars   will    bring   higher    pri 
There   is  evidently   a   very   definite   feeling  that  it   lies   within 
the  province  of  the  engineer  to  contribute  materially  to  the 
solution  of  the  used-car  problem.     It  should  further  be  kept 
in  mind  that  the  public  a  much  closer  relation- 

ship between  tin-  engineer  and  the  used  car  problem  than 
many  engineers  are  conscious  of. 

Engini  ik  Vitally  Concerned  in  Used  Car  Problem 

The  engineer   must    Itop   designing  cars   for   himself  or  as 

he  is  fold  tr,  design  them  by  the  sales  department.     After  all, 

the  owner    who   sets   the   price  on   a    used   automobile. 
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For  example,  the  excessive  amount  of  time  required  to  handle 
the  electrical  unit  has  become  very  generally  known  among 
owners  and  undoubtedly  has  resulted  in  a  reduction  in  the 
sale  of  the  new  car  of  that  make,  as  well  as  in  the  market 
value  of  the  car  as  a  second-hand  product,  according  to  a 
member  of  the  Society  in  charge  of  one  of  the  largest 
electric  service  organizations  in  the  Country. 

On  this  point,  Mr.  Beecroft  quoted  a  large  dealer  who  has 
been  selling  a  high-priced  automobile  for  the  past  20  years. 
This  dealer  maintains  that  there  is  no  question  but  that  the 
lack  of  accessibility  has  been  a  serious  handicap  in  the  sale 
of  used  cars.  He  has  found  it  very  difficult  to  sell  a  thoroughly 
rebuilt  car  and  make  money  on  the  resale,  because  the 
cost  of  rebuilding  is  so  high,  because  of  the  design  or  lack 
of  design  and  also  because  of  the  cost  of  spares.  It  is  not 
good  business  to  sell  second-hand  cars  in  "as  is"  condition, 
but  it  is  too  often  necessary  to  do  so. 

As  to  the  desirability  of  rebuilding  the  second-hand  car 
before  selling  it,  rather  than  disposing  of  it  in  the  "as  is" 
condition,  Mr.  Beecroft  believes  there  is  little  ground  for 
dispute,  even  when  the  low-priced  cars  are  considered.  One 
dealer  reports  that  the  used  car,  when  reconditioned  and 
repainted,  even  in  the  under  $1,000  field,  finds  a  ready  sale 
at  a  more  substantial  price,  which  thus  helps  to  standardize 
car  values.  The  engineer's  relation  to  the  used-car  problem 
plays  a  very  strong  part,  as  beyond  a  question,  a  used  car 
has  considerably  more  value  when  its  mechanical  condition 
is  good.  Another  point  where  the  engineer  plays  a  part  is 
in  the  supplying  of  mechanical  units  so  that  their  replace- 
ment will  be  comparatively  easy  when  a  car  is  being  re- 
conditioned for  resale. 

Nevertheless,  according  to  one  dealer  handling  a  car  listed 
at  under  $1,000,  it  is  not  expected  that  the  improved  design- 
ing or  engineering  of  a  motor  car  will  entirely  eliminate  the 
used-car  burden  from  the  trade,  because  many  people  like 
to  change  cars  every  year  or  so,  even  though  the  present  car 
is  running  well,  just  to  secure  the  most  recent  change  in 
lines  or  finish. 

Still  another  dealer  quoted  by  Mr.  Beecroft  believes  that 
the  mechanical  or  engineering  department  of  an  automobile 
dealer  must  decide  how  much  should  be  spent  upon  used 
cars  before  they  are  offered  for  resale.  That  is  where  the 
engineer  comes  in,  and  it  would  tie  the  factory  up  much 
closer  to  the  owner  if  it  were  incumbent  upon  the  engineering 
department  of  the  factory  to  give  advice  and  pass  on  the 
rebuilding  work. 

Mr.  Beecroft  put  the  question  up  to  the  engineer  by  asking 
whether  automotive  engineers  have  not  given  more  thought 
to  obtaining  a  certain  result  in  the  way  of  performance  than 
they  have  to  the  ultimate  cost  of  operation.  The  owner  gets 
his  first  impression  of  the  engineering  that  has  gone  into 
his  car  from  the  amount  of  the  repair  bills.  The  work  of 
the  engineer  is  measured  by  the  years  of  service  in  the 
vehicle,  and  the  older  the  car  becomes,  the  more  apparent 
and  conspicuous  becomes  the  work  of  the  engineer.  If  the 
work  of  the  engineer  is  poor,  production,  merchandising  and 
servicing,  all  dependent  on  design,  come  tumbling  down  like  a 
house  of  cards. 

In  the  discussion  that  followed  Mr.  Beecroft's  paper,  John 
Younger,  chairman  of  the  Cleveland  Section,  commented  on 
the  tremendous  waste  involved  in  scrapping  worn-out  auto- 
mobiles. One  and  a  half  million  cars  will  be  sent  to  the 
scrap  heap  this  year,  and  averaging  2000  lb.  for  each  car, 
at  about  $0.35  per  lb.,  the  sum  involved  is  large  enough  to  be 
considered  seriously.  Between  25  and  50  little  parts  wear 
and  cause  a  used  car  to  be  scrapped.  If  the  engineer  made 
those  parts  slightly  bigger  or  heavier  or  put  better  metal  into 
them,  they  would  not  give  trouble. 

If  a  car  has  been  used  for  some  time,  only  one  thing  can 
be  done;  have  it  overhauled  completely.  Whether  the  car 
is  accessible  or  inaccessible  does  not  make  much  difference,  it 
should  be  torn  down,  every  piece  scrutinized  and  inspected 
and  then  rebuilt.  It  is  surprising  how  much  stuff  can  be 
used,  avoiding  waste  and  reclaiming  some  of  the  huge  quan- 
tity of  material  now  thrown  away. 

It  is  the  opinion  of  Mr.  Buckman,  manager  of  the  Cleve- 


land Automobile  Dealers  &  Manufacturers  Association  that 
the  used  car  can  be,  and  should  be,  made  an  asset  in  the 
dealer's  business.  The  greatest  asset  that  the  automobile 
industry  has  in  the  moving  of  new  cars  is  *he  used  cars  now 
in  the  hands  of  the  American  public.  In  other  words,  when 
a  man  has  a  used  car,  he  has  the  first  payment  on  a  new  one. 
He  has  not  only  the  desire  to  own  another  car,  but  he  has 
a  big  step  in  the  payment  for  that  car.  It  remains  a  question, 
therefore,  whether  the  used  car  should  be  traded  on  that 
basis  or  whether  it  will  be  made  a  bunch  of  junk.  An  auto- 
mobile is  transportation;  it  is  so  much  mileage.  Even  if 
the  car  is  traded  in,  there  is  still  mileage  left  in  it.  The  next 
thing  to  do  is  to  convince  the  public  of  this.  No  one  dealer 
or  builder  can  do  that  alone.  The  dealers  must  get  together 
to  bring  the  used  car  up  to  a  definite  standard  and  then  im- 
press that  standard  on  the  public  with  the  assurance  that  it 
is  being  lived  up  to.  Mr.  Buckman  explained  that  it  is  just 
that  which  the  Automobile  Dealers  &  Manufacturers  Asso- 
ciation is  trying  to  do  in  Cleveland.  The  used-car  bureau  of 
the  Association  inspects  the  cars  and  places  the  seal  of  the 
Association  on  them  to  testify  that  they  are  worth  the 
money  asked.  This  is  a  constructive  effort  to  make  the  used 
car  an  asset,  instead  of  a  liability,  as  it  now  is.  Advertis- 
ing seems  to  be  the  way  to  establish  the  true  worth  of  the 
used  car  in  the  minds  of  the  public. 


MEASURING    RIDING    QUALITY 

Indiana     Section     Hears     T.     J'.     Lftle,     Jr.,     Describe 
Ingenious  Testing  Methods 

Unique  methods  of 
studying  engine  and 
chassis  vibration  and  rid- 
ing quality  were  revealed 
to  the  members  of  the 
Indiana  Section  at  their 
November  meeting,  which 
was  attended  by  more 
than  150  men.  T.  J.  Litle, 
Jr.,  chief  engineer  of  the 
Lincoln  Division  of  the 
Ford  Motor  Co.,  read  a 
most  interesting  paper 
setting  forth  some  novel 
experiments  he  has  made 
in  an  effort  to  locate  and 
eliminate  disagreeable 
vibrations.  He  also  de- 
scribed a  mechanism  for 
recording  relative  body 
and   axle   movement   of   a 

car  when  in  operation.  Mr.  Litle's  complete  illustrated  paper 
will  be  found  in  this  issue  of  The  Journal,  starting  on  page 
445.  Some  of  the  points  raised  in  the  discussion  of  the 
paper  are  reported  in  the  following  paragraphs.  Asked 
whether  he  thought  balloon  tires  would  ever  be  developed 
to  a  point  where  they  might  replace  chassis  springs  entirely, 
Mr.  Litle  replied  that  he  did  not.  They  improve  the  riding 
quality  of  a  car  without  any  question,  but  it  is  best  to  secure 
the  full  value  of  the  combination  of  low-pressure  tires  and 
springs,  neither  being  wholly  adequate  alone.  It  has  been  his 
experience  that  some  type  of  shock-absorber  is  necessary 
with  low-pressure  tire  equipment.  This  is  particularly  true 
of  the  front  of  the  car.  This  experience  of  Mr.  Litle  checks 
with  that  of  other  engineers  who  have  experimented  with 
low-pressure  tires. 

Shock-Absorbers  Should  Have  Neutral  Zone 

From  rather  comprehensive  tests,  Mr.  Litle  has  concluded 
that  hydraulic  shock-absorbers  are  very  effective  in  improv- 
ing riding  qualities.  He  spoke  particularly  of  a  type  de- 
veloped at  the  suggestion  of  his  company  which  is  arranged 
with  a  neutral  zone  for  slight  movements  of  the  spring  so 
that    the    shock-absorber    is    actually    inoperative    on    rela- 
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Is      Without  this  neutral  arrangement,  the 

strained  the  spring  action  so  that 

-    sprint:   was    apparent. 

•should    be    in.  on    smooth    roads. 

tween  the  spring  '..  tvored  by  Mr.  Lftle. 

-  also  partial  to  the  use  of  spring-covers  as  a  means  of 

•id   water  from  between   the  leaves. 
rl.   Hunt,  of  the  General   Motors   Research  Corporation. 
—red  whether  the  comfort  of  the  ear-rider  was  not  more 
sored  or  represented  by  records  of  acceleration 
and  •'  the   car   seat.      Mr.   Lftle   agreed   that   it 

the  device  described  in  his  paper  had  enabled 
•■  ake  a  productive  study  of  different  combinations  of 
of  varying  length  and  thickness.      He   recalled 
a  method  described  sonic  years  ago  before  a  meeting  of  the 
here  a  photograph ic  record  was  made  of  the  move- 
ments of  lights  attached  to  the  passengers,  chassis  and  body, 
driven  over  an  obstruction.1 
W.    G.    Wall    suggested    that    perfectly    definite    measure- 
"'  axle  and  body  movements  could  be  taken  if  it  were 
•le  to  mount  the  instrument  on   a   horizontal  reference 
n  the  air.     This  suggested  the  possibility  of  mounting 
a   seismograph   on   a  trolley   wire  above   the   road.     He  also 
spoke  briefly  on  the  problem  of  synchronizing  or  harmonizing 
•'-ont  and  rear  springs  and  agreed  with   Mr.  Litle  that 
a  neutral  zone  is  desirable  in  shock-absorber  action. 

Balloon  TntES  Interfere  With  Wheel-Housings 

One  difficulty  met  with  balloon  tires  by  Mr.  Litle  was  their 
interference  with  body  wheel-housings  when  standard  wheel- 
tread  and  rear-seat  widths  are  used.  Edward  Schipper  said 
that  some  cars  were  using  a  60-in.  tread  when  low-pressure 
tires  were  fitted  to  avoid  this  interference. 

ked  whether  he  had  tested  cars  with  the  front-axle 
location  in  varying  fore-and-aft  positions  on  the  spring,  Mr. 
Litle  replied  that  he  had,  and  that  his  tests  substantiated 
the  general  practice  of  having  the  axle  located  well  forward 
of  the  spring  center.  One  objection  that  he  has  found  with 
low-pressure  tires  is  their  tendency  to  set-up  violent  front- 
wheel  shimmy,  particularly  at  high  speeds. 

Foi'r-Wheel  Brakes  to  Be  December  Topic 

The   Indiana   Section's   next  meeting  will   be  held   on    the 
(    I  '•  -.  6  in  the   Hotel   Severin,   Indianapolis.     The 
topic  will  be  Four-Wheel  Brakes. 


\<  I  I  RATE    BRAKE   PERFORMANCE  TESTS 


W     S.  James  Describes  Bureau  <>f  Standard*  l.'n  <>rding 
Decelerometei  and  Results 

An  extremely  inti 
ing  analysis  of  motor-car 
brake  fundamentals  was 
presented  at  the  Novem- 
ber meeting  of  the  New 
Kngland  Section  by  W.  8. 
James  of  the  Bureau  of 
Standards  staff.  It  was 
evident  to  all  present  that 
the  Bui-  Siting  its 

study  of  braking  from 
rock-bottom  and  that  this 
method  of  attack  is  un- 
■  ring  the  basic  prin- 
C  i  p  1  e  ■  of  decelerating 
mot  Mr.    J.i 

gave  some  very  convincing 
demon  trations  of  brake 
at  >ion  with  a  miniature 
automobile  fitted  with 
electrically-c  ontrolled 
also  exhibited  and  explained 
Standards  recording  decele- 
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the  operation  of  I  in  of 
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rometer  that  has  made  it  possible  for  the  Bureau  engineers 

to  analy/c  brake  performance  more  accurately  than  has  been 

possible  with  the  measured  stop-tots  universally  used  in  the 
past    by   other   experimenters.      This    very    Valuable    device    is 

described  fully  on  p.  -f'.tit  of  this  issue  of  The  Journ  u 

No  attempt  will  be  made  in  this  brief  report  to  present 
an  abstract  of  Mr.  James  remarks  since  they  are  to  be  the 
basis  of  ■  very  comprehensive  paper  that  he  will  present 
at  the  Annual  Meeting  in  Detroit  next  month.  However, 
it  will  be  of  interest  to  record  a  few  of  the  conclusions 
drawn  from  the  tests  and  observations  that  have  been  made 
with  the  Bureau  of  Standards  decelerometer  and  the  other 
brake   studies   made   by   the   Bureau   engineers. 

After  spending  some  little  time  on  elementary  mathe- 
matical analyses  of  the  force  acting  on  a  car  during  de- 
celeration, Mr.  James  emphasized  the  following  funda- 
mental facts: 

(1)  The   retarding   force  acting  on  the  car  is   pro- 

portional to  the  change  in  speed  per  unit  of 
time,  regardless  of  what  units  of  speed  and 
time   are   used 

(2)  The   distance    within    which   the  car    is   brought 

to  rest  is  directly  proportional  to  the  square 
of  the  velocity  from  which  it  is  stopped,  and 
inversely  proportional  to  the  deceleration  in 
feet  per  second   per  second 

Although  the  stopping  distance  varies  largely  with  a  change 
in  the  speed  of  the  car,  the  deceleration  in  feet  per  second 
per  second  or  the  resisting  force  per  pound  of  car  weight  is 
practically  independent  of  the  ear  speed.  This  latter  fact 
has  made  the  study  of  brake  performance  relatively  simple. 
Lacking  reliable  data  on  the  coefficients  of  friction  be- 
tween the  tire  and  the  road,  the  Bureau  of  Standards  made 
some  rather  crude  but  enlightening  tests  by  towing  a  sec- 
tion of  an  automobile  tire,  weighted  with  a  uniform  load  of 
50  lb.,  over  various  types  of  surface  and  measuring  its  re- 
sistance to  motion  with  a  spring  balance.  The  highest  co- 
efficient of  friction  observed  in  these  tests  was  between  dry 
glass  and  a  tire  tread  of  a  rather  poor  grade  of  rubber. 
The  samples  were  pulled  with  the  tread  both  parallel  with 
and  crossways  to  the  direction  of  pull  so  that  coefficients 
were  observed  for  a  straight-ahead  slip  and  for  a  slip  side- 
ways. Note  was  made  of  the  pull  at  which  sliding  started 
and  that  necessary  to  maintain  sliding  at  a  relatively  slow 
speed.  Mr.  James  emphasized  that  the  numerical  data 
obtained  were  not  to  be  taken  as  applicable  directly  to 
cars  on  the  road  but  rather  as  indicative  of  some  of  the  re- 
lations that  may  hold  in  ordinary  braking  service.  It  was 
observed  that  more  pull  was  required  to  maintain  sliding 
of  the  tire  than  that  required  to  start  it.  If  this  result  is 
substantiated  by  later  experiments,  it  may  disprove  the 
present  general  conception  that  the  coefficient  of  friction 
drops  when  the  tire  starts  to  skid  on  the  road.  Another 
interesting  observation  was  that  the  resistance  to  sliding  in 
a  sideways  direction  was  almost  the  same  as  that  in  a  fore- 
and-aft  direction. 

Coefficient  of  Wet  Concrete  Higher  Than  Dry 

One  surprising  result  of  these  tests  was  the  difference  in 
the  coefficient  of  friction  between  hard-surfaced  pavement 
when  wet  and  when  dry.  Tests  made  in  water  puddles  on 
a  concrete  road  indicated  that  the  coefficient  of  friction  was 
higher  in  the  puddle  than  on  the  dry  road.  Mr.  .lames 
attributed  this  to  the  presence  of  dust  and  dirt  on  the  dry 
pavement  which  acted  as  a  sort  of  ball-bearing  support  CO 
let  the  tire  slide  easily.  This  was  not  present  in  the  ca  e  of 
the  wet  concrete  and  the  coefficient  increased  as  a  result. 
With  the  maximum  coefficient  of  friction  found  between 
and  roads  of  different  types,  the  maximum  deceleration  at- 
tainable lies  in  the  neighborhood  of  2'i  ft.  per  sec.  per  sec.  All 
Of  the  tests  on  hard  surfaces  showed  that  the  pull  on  the 
tire  was  practically  independent  of  the  tire-tread  configura- 
tion, but  was  influenced  by  the  character  of  the  tread  rubber. 
Soft  rubber  had  a  higher  coefficient  of  friction,  hard  rubber 
a  lower  one. 

Mr.    James    gave    a    brief    mathematical    analysis    of    the 
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forces  and  reactions  that  act  on  a  car  to  produce  skidding. 
This  led  him  to  mention  the  importance  of  the  relation  be- 
between  side  resistance  and  straight-ahead  resistance  in 
tires  now  that  higher  deceleration  is  possible  with  four- 
wheel  brakes.  If  a  car  should  be  turning  on  a  30-ft.  radius 
at  20  m.p.h.  it  will  have  a  force  acting  to  slide  it  sideways 
equivalent  to  1  lb.  per  lb.  of  car  weight  and  it  will  become 
very  difficult  to  overcome  that  force  with  the  side  resistance 
of  the  ordinary  tire.  This  emphasizes  the  importance  of 
banking  curves  on  new  highways  with  the  advent  of  higher 
decelerations.  Mr.  James  remarked  that  if  we  are  to  use 
brakes  that  stop  a  car  quickly,  we  must  also  stop  the  car 
safely,  and  that  calls  for  some  discretion  on  the  part  of  the 
driver.  We  must  become  educated  to  use  decelerating  forces 
that  are  capable  of  imposing  a  2000-lb.  load  on  a  3000-lb. 
car  when  it  is  being  decelerated  at  20  ft.  per  sec.  per  sec. 

A  large  number  of  representative  records  taken  with  the 
Bureau  of  Standards  decelerometer  were  shown  to  the  audi- 
ence in  slide  form.  From  these  Mr.  James  indicated  several 
interesting  points.  He  showed  that  the  name  "emergency- 
brake"  is  certainly  a  misnomer  for  the  average  hand-brake, 
since  it  seldom  exceeds  a  deceleration  of  8  ft.  per  sec.  per  sec, 
whereas  the  foot-brake  comes  nearer  13  ft.  per  sec.  per  sec. 

Why  Balloon  Tires  Improve  Braking 

What  may  prove  to  be  the  explanation  of  the  improved 
braking  performance  of  cars  fitted  with  low-pressure  tires 
was  found  in  studying  the  decelerometer  records  from  one 
series  of  tests  made  by  Mr.  James.  Four  records  were 
taken  on  the  same  car,  the  tire  inflation-pressures  being 
different  in  each  case,  varying  from  70  to  25  lb.  per  sq.  in. 
The  car  was  driven  over  smooth  asphalt  pavement  and 
stopped  from  a  speed  of  35  m.p.h.  In  the  case  of  the  tire 
inflated  at  low  pressure,  the  decelerometer  record  is  a  fairly 
straight  line,  showing  that  the  rear  wheels  held  the  ground 
and  the  decelerating  force  was  acting  all  of  the  time.  In  the 
case  of  the  higher  pressures,  the  line  on  the  record  was 
decidedly  irregular,  showing  that  the  rear  axle  was  bouncing 
or  vibrating  on  the  road,  the  brakes  not  being  wholly  effec- 
tive until  the  car  speed  had  been  materially  reduced. 

Another  interesting  point  shown  by  the  performance  tests 
was  the  drop  in  braking  efficiency  when  the  brake-drums  and 
linings  become  hot.  In  one  case  this  change  in  conditions 
caused  a  drop  in  deceleration  from  11.5  to  9  ft.  per  sec.  per 
sec,  the  latter  figure  being  for  the  hot  brakes. 

Rather  active  discussion  was  held  after  Mr.  James  con- 
cluded his  remarks  and  the  meeting  did  not  adjourn  until 
a  late  hour.  The  attendance  reached  nearly  100  persons 
and  all  joined  in  voting  the  meeting  one  of  the  most  interest- 
ing ever  held  by  the  New  England  Section. 


DAYTON  SERVICE  MEETING 


Important   Discussion   Favorably   Received   by   Service 
Men  and  Engineers 

The  most  constructive  national  meeting  ever  held  for  the 
purpose  of  promoting  more  adequate  and  satisfactory  auto- 
motive service  was  that  conducted  in  Dayton,  Nov.  20  and  21, 
under  the  joint  auspices  of  the  National  Automobile  Chamber 
of  Commerce  and  the  Society.  About  200  men  interested 
in  service  and  engineering  were  present.  They  came  from 
all  sections  of  the  Country;  nearly  every  motor-car  builder 
was  represented.  The  sessions  were  well  attended  and  the 
numerous  talks  enthusiastically  received.  Quoting  one 
prominent  service  manager,  "the  Dayton  meeting  was  a 
humdinger." 

This  was  the  first  joint  gathering  of  the  N.  A.  C.  C.  and 
the  S.  A.  E.  on  service  matters.  Without  any  question,  the 
plan  of  combining  forces  increased  the  attendance,  the  in- 
terest and  the  effectiveness  of  the  meeting;  there  is  little 
doubt  that  the  Society  is  favorable  to  the  holding  of  such 
joint  meetings  annually. 

A  complete  illustrated  report  of  what  transpired  at  the 
Dayton  meeting  is  set  forth  in  the  following  columns.  C.  F. 
Kettering's  introductory  talk  was  a  distinct  hit.  The  papers 
on  head-lamp  adjustment,  lessons  from  the  flat-rate,  dilution, 


electrical  repairs  and  simplicity  of  repair  tools  contained 
many  valuable  suggestions.  W.  T.  Kreusser's  analysis  of 
service  repairs  for  the  use  of  car  designers  gave  every  man 
present  plenty  to  think  about. 

Excursions  were  made  to  McCook  Field,  the  Delco  and  the 
National  Cash  Register  Co.  plants,  and  to  the  laboratories 
of  the  General  Motors  Research  Corporation.  A  large  num- 
ber of  those  in  attendance  made  these  visits.  Congratula- 
tions are  extended  to  the  Service  Committee  of  the  National 
Automobile  Chamber  of  Commerce,  the  local  committees  in 
Dayton  and  the  several  speakers,  on  the  unqualified  success 
of  this  important  gathering  for  the  promotion  of  better 
automotive  service.  

KETTERING  ANALYZES  SERVICE  EVILS 


C.   F.  Kettering 


Trained  Rural  Mechanics,  Lower  Repair-Part  Costs  and 
Correlated  Effort  Needed 

C.  F.  Kettering  made 
some  frank  but  decidedly 
constructive  comments  on 
automobile  service  in  the 
opening  address  of  the 
meeting.  One  thing  is 
certain;  he  dispelled  any 
optimistic  feeling  that 
service  as  rendered  today 
represents  the  public's 
conception  of  what  real 
service  should  be.  The 
talk  was  given  in  Mr. 
Kettering's  characteristic 
vein  of  humor,  each  point 
being  illustrated  by  ex- 
amples of  his  and  other 
motorists'  experiences.  He 
emphasized  three  major 
points  as  important  in  the 
campaign  for  better  ser- 
vice: first,  a  closer  correlation  of  the  engineering,  sales  and 
service  departments;  second,  reduction  of  repair-parts  costs; 
third,  educational  work  directed  at  the  small-town  garage- 
man. 

It  is  extremely  important  that  the  automobile  engineer's 
office  be  located  adjacent  to  those  of  the  service  manager 
and  the  cost  accountant,  in  Mr.  Kettering's  opinion.  In  a 
great  many  cases,  cars  have  been  designed  with  production 
and  sales  costs  solely  in  mind;  service  requirements  have 
been  slighted  in  the  struggle  for  lowered  production  costs. 
In  the  future,  this  attitude  can  not  be  tolerated.  Mr. 
Kettering  urged  those  present  to  return  to  their  factories 
with  a  determination  to  convince  their  superiors  that  a  closer 
correlation  must  be  effected  between  the  sales,  engineering 
and  service  activities  of  their  companies.  Recognition  must 
be  taken  of  the  fact  that  the  primary  function  of  service 
is  to  contribute  something  toward  more  satisfactory  opera- 
tion of  the  car  in  the  owner's  hands  and  the  provision  of 
transportation  at  a  minimum  of  cost  to  him. 

Designers  Must  Recognize  Service  Requirements 

Many  of  Mr.  Kettering's  remarks  were  directed  at  the 
car  designer.  He  said  that  designs  which  made  it  neces- 
sary to  lift  the  body  to  remove  the  generator,  or  necessitated 
removal  of  the  radiator  to  fit  a  new  fan-belt,  were  inexcusable 
and  would  not  be  accepted  by  the  public  in  the  future. 
Analyzing  the  cost  of  operating  a  passenger  car,  he  em- 
phasized the  relative  importance  of  depreciation  and  main- 
tenance expense  as  opposed  to  fuel  cost.  Engineers  might 
better  concentrate  on  lowering  the  first-mentioned  items 
than  devote  too  much  thought  to  fine  carbureter  adjustments 
to  effect  an  increase  in  the  fuel  economy  of  10  per  cent. 
Suggestions  received  from  dealers  and  repairmen  should 
not  be  ridiculed  by  the  engineer.  Although  such  reports 
are  at  great  variance  in  most  instances,  it  must  be  remem- 
bered that  engineers  find  it  difficult  to  agree  on  a  solution 
of  some  problems.     Tests  made  by  garage-men  are  usually 
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-ficial    ar  misleading,    but    this    does    not 

cineer  from  ••>  them  with  some   ap- 

preciation repairman"*    interest     in    improving    the 

-bile  bu-  .cceed  in  the  futur 

it  ha  the  men  at  the  factories  must   travel  the 

and  the  byways  where  they  can  appreciate  better 

I  by  a  large  majority  of  the 

Mr     Kettering    emphasized    this    fad    by 

per  cent  of  the  motor  cars  in  this  Country  are 

owned   and   operated   in    territory   that    is    remote   from    the 

larg-  "d    their   efficient    service-stations.      About 

per  e  cars  are  repaired  in  what   he  characterized 

Engineers   must    recognize   this   con- 

and    design    mechanisms    that    fit    the   capabilities   of 

the  ■  •  pairman.     Wry  often  the  engine  that  can  be 

ed  by  a  poorly  trained  mechanic  is  the  best   design 

SES  of  Troible  Not  Properly  DIAGNOSED 

To  appreciate  the  present-day  status  of  automotive 
service,  one  must  drive  from  New  York  City  to  San  Fran- 
cisco depending  upon  the  small-town  garaec  for  repairs  and 
adjustrm  Host   of  the  local  mechanics   know   relatively 

little  about  diagnosing  the  real  trouble  with  a  car.  Mr. 
ring  cited  many  experiences  to  indicate  how  major 
parts  are  replaced,  engines  torn-down,  valves  ground  and 
special  accessories  fitted  to  correct  simple  faults  in  operation 
due  to  lose  terminals,  leakv  vacuum-tank  fittings  and  similar 
minor  causes.  These  things  are  happening  in  the  small 
centers,  not  in  the  large  metropolitan  service  plants.  Investi- 
gations have  revealed  the  astounding  fact  that  25  per  cent 
•  the  United  States  are  repaired  in  garages 
that  have  dirt  floors.  This  gives  some  conception  of  the 
amount  of  repair  work  that  must  be  done  in  a  primitive 
fashion.  Most  car-owners  know  little  or  nothing  about  the 
mechanism  of  their  cars  and  show  no  inclination  to  learn. 
They  depend  entirely  on  the  judgment  of  untrained,  unin- 
formed small-town  repairmen.  Undoubtedly  the  most  general 
complaint  heard  from  the  average  owner  is  that  "they  had 
the  car  three  days,  charged  me  $45  and  they  did  not  tis  it." 
Mr.  Kettering  believed  that  one  of  the  most  crying  needs  of 
e  today  is  for  more  trained  diagnosticians  who  can  put 
their  fingers  on  the  real  source  of  engine  or  chassis  trouble 
am:  "he  simplest  means  of  correcting  it. 

These  conditions  show  the  need  for  an  educational  move- 
to  carry  reliable  and  authoritative  information  to  the 
small-town  repairman.    Mr.  Kettering  warned  that  this  would 
be  a  long  process  and  that  trained  mechanics  could  not  be 
produced  by  the  waving  of  any  magic  wand.     The  industry 
■-een  so  busy  with  matters  of  great  urgency  during  its 
opment  stage  that  comparatively  little  concerted  effort 
has  been   put  forth   to  educate  mechanics  in  the  towns  and 
.■■■■>.     However,  these  men  are  conscientious  and  eager  to 
•.fortunately,  they  have  been  getting  and  accepting 
advice  and  information  from  traveling  acce> 
salesmen   who  have  been  the  only  representatives  of  the  in- 
bo  had  direct  contact  with  them  in  past  years.     Mr. 
had  observed  on  the  shelves  of  small- 
ark-plugs,    primers,    tabrical 
carbureting    devices,    batteries    and    so-called    improvement- 
fittings,  of  makes  and  designs  unheard  of  in   standard  pro- 
mpting   the    salesman's    claims    as    gospel,    the 
in   attempts   to    remedy  minor   engine   ailments  by 
e»    and    parts    to   the   car-owner   at   I 
This    propaganda    of    the    traveling    salesman, 
who  always  has   a  astly    -uperior  to  that  fitted  on 

the  car  as  standard  equipment,  must  be  combated  by  con- 
certed and  persistent  educational  campaigns  that  will  place 
sound,  reliable  and  authoritative  information  in  the  hands 
of  the  small-town  repairman  in  a  form  that  he  can  under- 
stand and  use  in  his  daily  work. 

Sales  Competition  Will  Raise  Servkk  stanimc; 

Mr.  Kett'-nrK  predicted  that  keen  competition  for  new 
car  sales  will  have  a  beneficial  effect  on  service  in  the  next 
couple    of    years.      Manufacturers    will    be    more    receptive 


to  suggestions  that  are  made  in  the  interest  of  better  service. 
The  movement  of  used  cars  will  be  influenced  by  the  character 

■  rvice  rendered  by  their  builders  and  this  will  control 
the  sale  of  new  cars  to  a  large  extent.      Exorbitant   cost   of 
repair  parts   U  one  of  the  serious  complaints   made  against 
present-day    service.      Mr.    Kettering    said    that    keen 
competition    will   convince   the   factories    that    service    means 
more  than  the  sale  of  repair  parts.     He  emphasised  the  fact 
that   the  high   price  of  small   parts,   subjected   to 
wear    and    frequent   replacement,    is    the    source    of    grea 
complaint  and  needs  attention  first. 


N.    \.    C.   C.    SERVICE  DIMSION    1M.VHOKM 


Plan    lor    Future    Meetings    and     Educational    NX  ork 
Approved  at  tin-  Dayton  Meeting 

The  functions  of  the  Service  Division  of  the  National 
Automobile  Chamber  of  Commerce  and  some  of  its  definite 
aims  for  the  near  future  were  set  forth  in  the  form  of  a 
platform  at  the  Dayton  Service  Meeting.  Some  of  the  more 
important  projects  described  in  the  platform  are  worthy  of 
mention. 

The  regular  November  meetings  are  to  be  joint  meetings 
with  the  Society  of  Automotive  Engineers.  The  November 
meeting  for  1924  will  deal  with  service-engineering  topics 
of  interest  to  sales  managers;  that  of  1925  to  production 
managers,  and  they  will  be  invited  to  the  meetings.  The 
May  meetings,  beginning  with  the  one  next  May,  will  here- 
after be  national  service  congresses,  to  which  will  be  invited 
all  people  interested  in  service,  including,  besides  factory 
service  folk,  representatives  of  dealers,  garages,  independent 
repair-shops,  equipment  manufacturers,  dealer  and  service 
associations,  automobile  schools,  trade  papers  and  the  public. 
These  meetings  will  be  devoted  to  talks  by  prominent  men 
engaged  in  the  various  fields  of  service  operation.  The  ob- 
ject of  a  national  gathering  of  everyone  connected  with  the 
servicing  of  motor  cars  is  to  promote  unity  of  thought  and 
action  and  to  build  up  in  the  minds  of  all  those  engaged  the 
true  conception  of  service  and  their  responsibility  to  it. 

Equipment  manufacturers  will  be  invited  to  exhibit  time- 
saving  and  garage  tools  at  these  congresses,  so  that  dealers 
and  service-tat  ion  representatives  can  examine  and  become 
familiar  with  the  various  tools  offered  for  sale. 

As  opportunity  offers,  the  scope  and  usefulness  of  the 
Bulletin  at  the  National  Automobile  Chamber  of 
Commerce  will  be  extended,  giving  it  wider  distribution.  It 
will  be  sent  to  every  member  of  every  service  association. 
Effort  to  educate  those  who  perform  service  in  the  field  has 
been  made  not  only  in  the  two  ways  already  mentioned,  cer- 
tain of  their  representatives  being  invited  to  the  semi- 
annual meetings  and  some  being  placed  on  the  Service 
Bulletin  mailing  list,  but  principally  by  promoting  the  estab- 
lishment and  conduct  of  local  service  associations  in  the 
different  cities. 

Establishment  of  Service  Associations 

This  movement  has  met  with   some  success   but    in   pro] 
tion  to   its  merit   is   far   from  amounting   to  what   it  should 
and  the  Division  intends  to  encourage  the  new  and  stimulate 
■I  service-associations  to  renewed  activity.    To  this  end 
it  will  be  nece  end  speakers  to  address  them,  tin 

ing  arranged  through  a  Service  Speakers  Bureau.     There  is 
of  compilation  a  Service  Association  Manual. 

A  school  for  dealers  and  service  associations  is  com 
[dated  by  the  National  Automobile  Chamber  of  Commerce  in 
cooperation  with  the  National  Automobile  Dealers  Associa- 
tion. This  would  be  an  annual  affair,  lasting  2  weeks.  Edu- 
cational matter  is  to  be  circulated  among  the  motoring  public 
through  motorists'  publications,  automobile  sections  of  daily 
papers  and  radio  broadcasting.  This  is  intended  to  instruct 
motorists  in  the  care  of  their  cars. 

Men  who  entered  the  service  field  before  automobile  service 

school-    or    courses    were    available    had    to    learn    from    the 

i  of  experience.     It  is  believed  that  much  can  be  done 

for  those   who   have  passed  the  school  age  and   are  already 
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Service    Committee   of    the    National    Automobile    Chamber    of 
Commerce 

engaged  in  service  and  for  those  who  will  enter  it  without  a 
school  course,  by  laying-out  a  course  of  reading  graded  ac- 
cording to  the  previous  knowledge  of  the  student  but  calcu- 
lated to  fit  both  those  entering  at  the  lowest  rungs  and  those 
who  have  advanced  farther  up  the  ladder.  Work  has  been 
begun  on  this  course  by  the  Division. 


DIRT,   NOT    DILUTION,    SCORED 

How  Excessive  Dilution  and  Sludging  of  Crankcase  Oil 
Can  Be  Eliminated 

Dilution  and  sludging  of  crankcase  oil  are  undoubtedly 
among  the  most  important  phases  of  the  lubrication  problem. 
However,  E.  F.  Hallock,  manager  of  the  manufacturers' 
service  division  of  the  Vacuum  Oil  Co.,  minimized  the  direct 
evils  of  dilution  in  itself,  in  his  address  on  The  Evils  of 
Crankcase  Dilution;  How  To  Educate  the  Public,  and  stated 
that  satisfactory  lubrication  of  internal-combustion  engines 
can  be  maintained  with  highly  diluted  oil  provided  the  lubri- 
cant be  kept  free  from  dirt  and  other  foreign  material.  He 
felt  that  steps  should  be  taken  to  educate  the  public  in  re- 
gard to  dilution  and  sludging  and  suggested  that  the  oil 
industry  would  accept  gladly  its  part  of  the  joint  respon- 
sibility of  accomplishing  this  task. 

In  connection  with  the  problem  of  dilution,  Mr.  Hallock 
stated  that  since  1910  the  end-point  of  gasoline  sold  com- 
mercially has  been  raised  from  320  to  438  deg.  fahr.,  this 
causing  greater  dilution  at  present  than  has  ever  before 
prevailed.  Among  other  causes  for  dilution  he  mentioned 
poor  mechanical  condition  of  the  engine,  poor  ignition,  in- 
correct timing,  improper  carbureter  adjustment  and  excessive 
use  of  the  choke. 

Supporting  his  contention  that  dilution  is  only  indirectly 
responsible  for  lubrication  difficulties,  the  speaker  cited  the 
satisfactory  use  of  a  mixture  of  1  part  of  cylinder  oil  to  40 
parts  of  gasoline  in  two-stroke-cycle  marine  engines,  and  a 
mixture  of  one  in  eight  in  high-speed,  air-cooled,  two-stroke- 
cycle  engines.  He  stated  that  any  increased  wear  resulting 
from  the  use  of  thinned  oil  is  caused  directly  by  the  presence 
of  dirt  and  other  foreign  matter  capable  of  breaking  through 
the  thin-oil  film  to  cause  abrasion.  Tests  wei'e  mentioned  to 
show  that  it  is  possible  to  run  an  engine  with  diluted  oil 
if  the  oil  be  kept  clean.  With  a  view  to  correcting  lubrica- 
tion troubles,  frequent  drainage  was  advocated,  not  because 
of  dilution  but  because  of  contamination. 

The  speaker  decried  the  use  of  heavy-body  oils  to  solve  the 
dilution  problem  and  claimed  that  such  practice  is  bound  to 
cause  gumming  and  excessive  carbon  formation  without  af- 
fecting a  cure.  Instructions  on  how  to  avoid  crankcase  dilu- 
tion included  the  following: 

(1)  Avoid  excessive  use  of  choke 

(2)  Use  radiator  cover 

(3)  Avoid  idling  for  long  periods 


(4)  Keep  engine  in  good  mechanical  condition 

(5)  Drain  oil-pan  every  1000  miles  in  summer  and 

every  500  miles  in  winter 

(6)  Do   not   flush   crankcase   with   kerosene.     Drain 

crankcase  while  engine  is  warm  and  oil 
agitated;  this  will  carry  off  sediment 
Emulsification  or  sludging  and  corrosion  were  also  dis- 
cussed at  some  length.  The  presence  of  dirt  and  water 
caused  by  condenser  action  of  the  crankcase  were  given  as 
chief  causes  for  the  sludging.  Cars  used  for  short  runs  in 
city  driving  were  said  to  suffer  most  from  this  trouble.  The 
following  items  were  included  in  suggested  instructions  on 
how  to  avoid  sludging: 

(1)  Take  frequent  samples  of  crankcase  oil  to   de- 

tect presence  of  water  in  excess 

(2)  Use  suitable  radiator-cover 

(3)  Clean  oil-screen   after  every  100  hr.  of  service 

(4)  Select    proper    fuel.      High-test    gasoline    gives 

better  service 

(5)  Renew    oil     frequently     and,     if     sludging    has 

occurred,     drop     the     oil-pan     and     clean     it 

thoroughly 
Mr.  Hallock  discussed  at  some  length  the  causes  for  carbon 
deposit  and  acid  corrosion.  He  also  suggested  means  for 
avoiding  excessive  trouble  from  these  causes.  In  conclusion 
he  treated  the  subject  of  oil-pumping  and  gave  the  follow- 
ing instructions  for  avoiding  oil-pumping  and  carbon  deposit: 

(1)  Use  highest-quality  oil 

(2)  Fill   crankcase  to   proper  level   daily 

(3)  Keep  engine  in  good  mechanical  condition.     Do 

not  attempt  to  rectify  mechanical  faults  by  the 
use  of  heavier-body  oils 

(4)  Do  not  try  to  get  higher  indications  on  the  oil 

pressure-gage  by  adjusting  the  relief-valve 

(5)  Be  sure  that  shims  are  properly  fitted  to  crank- 

pin 

(6)  Adjust  carbureter  properly 

(7)  Eliminate  "missing" 

(8)  Keep  valves   properly  ground,  tappets   properly 

adjusted,  and  pet-cocks  and  gaskets  tight 


FORD    SERVICE   PRACTICE 


Necessity  for  Standardization  of  Design  and  Manufac- 
ture Emphasized 

Speaking  on  the  subject,  What  Part  the  Engineer  Can 
Play  in  Reducing  Repair  Costs  by  Eliminating  the  Need 
for  Costly  Tools,  W.  A.  Francis,  manager  of  the  Ford  Motor 
Co.  of  Cincinnati,  brought  to  bear  his  experience  of  a  long 
term  of  years.  He  premised  his  remarks  by  saying  that 
costly  tools  will  not  be  eliminated  so  far  as  their  own  price 
is  concerned,  the  object  to  be  attained  being,  of  course,  the 
reduction  of  service  costs  in  view  of  the  volume  of  work  to 
be  done.  He  stressed  the  importance  of  simplicity  of  car 
construction  and  of  accessibility  of  all  working  parts. 
Yearly  changes  of  models  make  for  incomplete  service  equip- 
ment and  result  in  costly  repairs  or  the  installation  of  ex- 
pensive tools,  placing  a  burden  on  the  dealers  as  well  as 
on  the  users  concerned.  Standardization  looking  toward 
simplicity  makes  for  completely  equipped  repair-shops,  in- 
stallation of  speed  tools  and  the  development  of  highly  effi- 
cient mechanical  ability  of  the  personnel,  all  this  resulting 
in  the  reduction  of  repair  cost  to  the  minimum.  Complexity 
of  construction  means  difficulty  in  locating  trouble  as  well 
as  additional  difficulty  in  eliminating  it.  Mr.  Francis  said 
that  Ford  dealers  could  not  carry  complete  stocks  of  parts  if 
the  policy  of  standardized  manufacture  were  not  adhered  to. 
Not  many  years  ago  repair-shops  in  general  were  poorly 
equipped,  with  hand-tools  and  occasionally  with  upright  drill- 
ing machines,  emery  wheels  and  the  like.  The  Ford  Com- 
pany has  over  9000  sales  dealers  and  their  investment  in 
parts  amounts  to  over  $50,000,000.  Throughout  the  world, 
there  are  33,000  authorized  sales  dealers  and  authorized  ser- 
vice   dealers.      The    investigation    made    several    years    ago 


\         Mil 


December.  1928 


No.  8 


I'm:  JOl  KNAl    oi  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 


shoved  that  the  average  shop  for  Ford  cars  could  be  equipped 

reduced  by  low 

vident   that    the   qualiti* 
and  economy  are  uppermost   in  the   mind  of  ear- 
ficient  service  from  good  local  shops. 
The  price  of  Ford  ca:  ■  r  cent  less  than  it  was  in 

I  mie  the  items  of  labor  and  clerical   : 
!>er  cent. 
Ever}*    department    of    the    dealer's    establishment    must 
properly   and  profitably,  especially  the  service  de- 
partment.     Large-volume    production    has    resulted    in    an 
unparalleled  reduction  in  prices  and   lower  commissions   per 

.    an    increasing   number    of    "trade-ins."      1' 
changes  in  car  models  impose  a  higher  rate  of  depreciation 
value  of  automobiles  than  has  occurred  in  any 
-   line  of  manufacture;   some  models  have  become  obso- 
■  m  the  sales  standpoint  in  less  than  a  year's  time. 
Mr  drove   home  emphatically   his   point   that   the 

eer   can    play   an    important    part    in   the    reduction   of 
repa.  ninating  the  need  for  unduly  costly  tools, 

nethod  for  doing  this  being  the   standardization   of  all 
ng  parts  of  motor  vehicles. 
In    the  ■..    A.    B.    Coroner,    vice-president    of    the 

Autocar  Co.,  said  that  the  tool  question  cannot  be  eliminated. 
He  i-  -at   the   tools  need  not  be  costly  and  that  the 

engineers  are  not  familiar  enough  with  the  tools  that  are 
available  in  the  open  market  for  shop  equipment,  this  being 
evidenced  by  the  fact  that,  in  the  design  of  parts,  in  many 
cases  holes  and  lugs  have  not  been  provided  for  the  proper 
f  these  tools.  He  said  that,  in  his  opinion,  in  general 
procedure  efficient  repair-shop  tools  cannot  be  developed  at 
the  factor}'  as  the  men  there  are  fully  occupied  on  produc- 
tion prob:  M  ury  valuable  tools  have  been  developed  in 
the  field,  discarded  vehicle  parts  being  utilized  in  this  con- 
nection. Mr.  Cumner  advised  strongly  that  when  any  change 
u  made  on  a  car.  it  should  be  applicable  to  the  prior  models. 
Tool  cost  can  be  kept  lower  in  this  way.  F.  A.  Bonham,  the 
chairman  of  the  meeting,  entered  a  plea  for  adequate  accessi- 
of  all  elements  of  assemblies  that  must  be  reached  in 
repair  work.  He  spoke  of  one  design  that  required  21  special 
wrenches. 


Illl    M  TOMOBILE  HEAD-LAMP  SITUATION 


-"..ii-  for  Improvem.ni    \r.-  Given  by   Bureau  of 
Standards 

R.    E.    Carlson,    mechanical    engineer    of    the    Bureau    of 

Standards,  analyzed  the  head-lamp  glare  situation  before  the 

Meeting.      He    gave    a    general    picture    of 

•it  conditions,  embracing  the   work   of   the   Society   and 

the   Illuminating   Engineering  Society,  the  trend  of   legisla- 

and  acti  State  motor  vehicle  officials.     He  also 

outlined    an   educational    campaign    needed    to   improve   con- 


/*-  - 


ditions   and    gave   an    interesting   demonstration   of   a    simple 
method  of  adjusting  head-lamps.     He  said  in  part: 

Most  automobile  head-lamps  do  not  give  good  road 
illumination  because  the  owner  does  not  know  what 
constitutes  a  good  road  illumination  or  does  not  have 
Sufficient  interest  in  the  subject  to  have  the  lights  ad- 
justed, or,  with  the  equipment  on  the  car,  good  light  is 
impossible  of  attainment.  Hotter  head-lamp  equipment 
is  being  furnished  with  the  newer  ears  but  the  millions 
of  older  cars  in  use  must  be  considered.  The  reflectors 
are  often  dirty,  tarnished  or  rusted,  the  focusing  de- 
vice is  cumbersome  to  operate,  may  not  allow  focusing 
with  newer  types  of  bulb,  and  will  not  stay  put,  and 
aiming  or  tilting  of  head-lamps  is  a  very  hard  and 
often  impracticable  job.  To  improve  this  condition  the 
sale  of  uptodate  replacement  units  should  be  pushed. 

To  obtain  data  on  local  conditions  in  the  City  of 
Washington,  the  Bureau  of  Standards  conducted  a  test 
lasting  over  a  week  on  some  400  cars  built  by  50  motor- 
car companies.  A  number  of  new  cars  were  included. 
The  results  obtained  are  summarized  in  the  accom- 
panying table. 


RESUME     OF     HEAD-LAMP    TESTS     GIVING    THE     PER- 
CENTAGE  OK    CARS    HAVING    HEAD-LAMPS 
IN  THE  CONDITION  NOTED 


Per  Cent 

Equipment  in  Good  Condition 

5.5 

Lenses 

Dirty 

52.8 

Broken 

4.3 

Loose  in  Head-Lamp 

3.8 

Twisted  in  Head-Lamp 

35.8 

Reflectors 

Dirty 

38.8 

Rusty 

6.7 

Dented 

1.7 

Bulbs 

Out  of  Focus 

73.2 

Blackened 

5.3 

Too  High  Candlepower 

0.5 

Too  Low  Candlepower 

6.7 

Head-Lamps 

Not  Parallel 

23.6 

Not  Correctlv  Tilted 

46.7 

No  Outside  Focus  Adjustment 

8.4 

Glaring  Lights 

54.0 

Particular  attention  is  directed  to  the  large  number 
of  cars  with  lights  out-of-focus,  73.2  per  cent  of  the 
total.  This  means  not  only  glare  and  its  attendant 
danger  and  discomfort  to  other  motorists  and  pedes- 
trians, but  inadequate  roadlight  with  the  consequent 
element  of  hazard. 

Trend  of  Legislation 

The  California  motor-vehicle  law  of  1923  will  serve 
as  an  example  of  the  detailed  requirements  now  being 
incorporated  in  State  laws.  The  following  are  some 
of  the  important  points: 

(1)  Sufficient   light   to   render  clearly  discernible 

a  person,  vehicle,  or  substantial  object  200 
ft.  ahead 

(2)  Device   shall    be   constructed,    arranged    and 

adjusted  so  as  to  give  a  beam  complying 
with  the  specifications  of  the  law 

(8)  Head-lamp  devices  must  be  tested  and  ap- 
proved before  their  use  shall  be  lawful. 
Fifty  dollars'  fee  with  application  for  test 

(4)    Details  of  test  specified;  similar  to  those  of 
Illuminating     Engineering     Society's     and 
L  Society  of  Automotive  Engineers'  require- 

ments 
r      <~i)    If   arrested    for    improperly    focused    lights, 
owner  will  be   released  if   head-lamps  are 
adjusted  within  24  hr. 

<<'>)    1'nlawful    to   sell   a   device   unless   it   is   ap- 
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proved    and    accompanied    by    a    complete 
description    and    instructions   for    use,    in- 
cluding photographs  of  the  device  and  the 
beam  pattern  on  a  chart 
In  an  effort  to  promote  uniformity  of  enforcement  of 
the  State  laws,  responsible  State  officials  of  Connecti- 
cut, Maine,  Maryland,  Massachusetts,  New  Hampshire, 
New   Jersey,   New  York,   Pennsylvania,   Rhode    Island 
and  Vermont  have  formed  what  is  known  as  the  Con- 
ference  of   Motor  Vehicle   Administrators.     A   special 
committee   of  this  conference  passes   on   matters   per- 
taining to   head-lamps.     Other   conferences   should   be 
established  throughout  the  Country  so  that  the  benefits 
of  this  sort  of  cooperation  can  be  enjoyed  more  widely. 

EDUCATIONAL  CAMPAIGN 

Provision  has  been  made  for  the  testing  and  ap- 
proval of  head-lamp  devices,  efforts  are  being  made  by 
head-lamp  manufacturers  and  engineering  societies  to 
improve  the  quality  of  and  simplify  the  service  re- 
quired for  these  devices,  and  certain  State  authorities 
have  been  and  are  making  serious  efforts  to  have  these 
devices  adjusted  by  motorists.  In  spite  of  all  this,  the 
great  majority  of  motorists  are  not  adjusting  their 
head-lamps.  To  focus  interest  and  to  secure  action  on 
this  subject,  a  national  campaign  of  education  has 
been  started  to  supplement  the  work  already  under 
way. 

The  work  of  the  enforcement  officer  is  of  particular 
importance.  He  must  understand  that  bright  head- 
lamps are  not  necessarily  blinding.  It  is  fatal  to  the 
success  of  this  movement  to  require  the  motorist  to 
dim  his  lights;  dimming  when  an  officer  is  in  sight  will 
not  improve  lights  that  may  be  badly  out  of  adjust- 
ment. A  better  method  of  enforcement  is  to  require 
the  motorist  to  adjust  his  lights  within  a  specified  time 
and  report  back  to  the  officer  with  a  ticket  certifying 
that  the  lights  have  been  adjusted. 

From  an  analysis  of  some  400  fatal  accidents  last 
year  in  Massachusetts  it  was  found  that,  where  head- 
lights were  concerned,  2%  were  due  to  insufficient 
light  to  every  1  caused  by  too  bright  light.  Dimming 
is  a  mistaken  idea  of  courtesy.  The  human  eye,  mar- 
velous as  it  is,  cannot  adapt  itself  instantly  to  such  a 
•  violent  change  of  light  intensity  as  results  from  dim- 
ming.    "Don't  Dim,  Adjust  your  Headlights." 

CAR  builders'  responsibility 

Responsibility  of  the  car  builder  should  not  cease 
until  the  new  or  reconditioned  car  is  delivered  to  the 
owner  with  good  head-lamps  and  the  owner  under- 
stands how  to  keep  them  in  good  adjustment.  Letters 
written  to  some  50  ear  producers  indicate  a  great 
variation  in  practice  on  this  point,  some  companies 
apparently  trusting  to  Providence  that  the  lights  ad- 
justed at  the  factory  will  still  be  good  when  finally 
turned  over  to  the  buyer.  Others  have  provided  the 
machinery  for  close  supervision  of  head-lamps  through 
their  service  departments,  branches,  dealers  and  ga- 
rages.    These  companies  deserve  the  highest  praise. 

Car  builders  should  furnish  adequate  but  simple  in- 
structions for  adjustment,  preferably  using  photo- 
graphs of  beam  patterns.  These  directions  should  be 
included  in  instruction-books,  service  publications  and 
other  mediums.  Uniform  instructions  for  all  cars 
should  be  worked  out  so  that  the  average  garage  me- 
chanic will  have  no  trouble  in  adjusting  the  head-lamps 
on  any  car.  Factories  must  spend  more  money  for 
good  head-lamp  equipment.  Money  invested  for  higher- 
grade  equipment  will  return  a  dividend  in  the  reduced 
cost  of  service. 

R.  N.  Falge,  of  the  National  Lamp  Works,  and  C.  A. 
Michel,  of  the  Guide  Lamp  Co.,  spoke  briefly  after  Mr.  Carl- 
son's paper.  They  both  said  that  head-lamp  equipment  has 
been  improved  greatly  due  to  the  agitation  for  better  road 
illumination  in  the  past  6  months. 


CHARTING   OF   SERVICE   DATA 


O.    T.    Kreusser 


Methods  for  Making  Service  Information  Most  Useful 
to  Designer  Explained 

It  has  been  demonstrat- 
ed that  the  trend  of  the 
automobile  industry  should 
be  toward  the  production 
of  better-performing  cars 
at  a  decreasing  over-all 
cost  per  mile  of  trans- 
portation. Upon  these  fac- 
tors the  continued  growth 
of  the  industry  is  founded. 

One  of  the  essential 
items  in  this  conception, 
as  brought  out  by  O.  T. 
Kreusser  in  his  address  on 
Providing  the  Engineer 
with  Service  Data  To  Im- 
prove Design,  is  a  satis- 
factory maintenance  serv- 
ice. Such  a  service  means 
contented  users,  and  hence 
a  greater  volume  of  busi- 
ness for  the  factory.    But 

the  maximum  of  advantages  can  never  accrue  to  the  car- 
user  without  the  closest  cooperation  between  the  field  and 
the  factory;  by  this  means  a  rational  basis  for  improved  de- 
sign and  construction  can  be  made  available.  To  this  end 
an  effective  means  of  communication  must  always  be  main- 
tained between  those  in  the  field  and  those  at  the  factory. 
In  his  address  Mr.  Kreusser  advocated  the  closest  possible 
contact  between  the  two  branches  and  suggested  a  simple 
form  of  chart  for  use  in  plotting  the  car  troubles  as  they  are 
brought  to  the  service  department.  The  object  of  the  system 
is  to  present  to  the  factory  engineers  danger  signals  of  re- 
peated troubles  with  certain  features  of  the  cars  considered. 

A  chart  of  this  type,  as  used  by  the  General  Motors  Re- 
search Corporation,  was  shown  by  Mr.  Kreusser.  It  was 
divided  into  a  total  of  about  125  headings  and  sub-headings, 
with  a  space  opposite  each  item  where  dots  could  be  placed 
to  indicate  the  occurrence  of  the  trouble,  the  idea  being  to 
show,  not  the  specific  fault,  but  merely  the  frequency  with 
which  a  fault  became  apparent  in  a  given  element  in  number 
of  cars  observed.  The  following  items  were  included  in  the 
chart. 

Engine 

Stationary  members 

Moving  members 

Lubricating  system 

Valves 

Induction  and  exhaust  system 

Cooling  system 

Electrical 
Generating 
Storing 
Starting 
Ignition 

Lighting  and  signaling 
Wiring 

Clutch  and  Transmission 
Clutch 

Transmission  operation 
Propeller-shaft 
Rear-axle  operation 

Running-gear 
Running-gear 
Frame 
Springs 
Steering 
Braking 
Instruments 
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orporation  on  a   numb. 
I   under  as  nearly  identical 
ble.    The  occurrence  of  faults  in  each  item 
was  indicated  by  a  corresponding  number  of  dots   properly 

-.  to  show  the  time  during  the  b 
difficult}'  arose.   In  such  an  analysis  danger  si{ 
are  obvious  and  steps  can  be  taken  to  remedy  the  faults.     It 
it  that  the  design   improvements  indicated  by 
io  not  ahi  .ide  with  those  that   would 

i  by  an  engineer  who  did  not  have  a  such 

a  pictorial  summary. 

Mr.  Kreusser  suggested  that  factory  service  departments 
furnish  their  field  stations  with  charts  of  some  description 
in  order  that  pertinent  information,  from  the  best  of  sources, 
can  be  made  available  to  the  plant  engineers  for  their  use 
in    modifying   features   of   design    when    necessary. 

In   the  1   that   reliable   information 

is  difficult  to  obtain  from  field  service-stations.     A.  J.  Scaife, 
r  Co.  reported  that  his  company  had  con- 
sidered it  advisable  to  send  a  staff  of  engineers  into  the  field 
to  collect    required    dependable   data.      He   said   that    in    his 
-lence    about    5    out    of    each    500    reports    supplied    by 
en  had  been  of  practical  value. 
I:    also   developed   during  the   discussion   that   cooperation 
•he    factory    engineering    and    the    service    depart  - 
.t  by  any  means  always  lacking.     B.  B.  Bachman, 
••   Autocar   «',,.,  outlined  the  plan  of  that  company   for 
getting  service-men   in   from  the   field   at   frequent   intervals 
with  the  factory  engineers.     He   -tated  that 
practice  of  discussing  important  problems  is  productive 
of  much  good. 


1 1  \i.r\i  i.  -vMi-.M   \n\< m:\tkd 


Improvements  in  Design  Io  Reduo    Maintenance  Costs 
Suggested 

In  outlining  the  various 
-   involved  in  the  gen- 
eral problem  of  automobile 
im,    construction     and 
maintenance,  Don  T.  Hast- 
ings, of  Williams  &  Hast- 
ings,   Inc.,   Detroit,   stated 
that     certain     factors     of 
original     design,     -un 
tire-size,     wheelbase     and 
weight,  are  determined  by 
the      prices      of      finished 
models  fixed  by  factory  ex- 
ecutives;  while   other 
fp  ^s^         items,  such   a-    gear-ratio 

*  and     engine-power,     are 

impetitive  con- 
ditions applying  to  car-  'if 
the  same  price-class. 
T    Hash  In    the   original    lay-out 

of  a  car,  it  i-  the  duty  of 
n  suitable  percentages  of  the  total  car- 
items  involved.    In  thin  process  the  main- 
ce  allow.--,  inadequate  to  finance  prop- 

stment  of  maintenance  fea- 
tures. Thus  a  saving  in  first  cost  is  made  at  the  expense  of 
uplce-  •    by   Mr.   Hasings  a-   one  of  the   rea- 

DUsly  at  fault  from 
lew.     As  an   example   of   thi 
cited  the  u»e  of  a  malleable-iron  rear-axl' 

-<-as   a   pressed-steel   housing   with   suitable   shafts   would 
be  much  superior  from  the  sndpoint,  although  more 

expensive  in  first  cost.     He  al-o  mentioned  the  reduction   in 


made     possible     by     providing    valve-rods     and 
tappets  in  clusters,  by  eliminating-  BUCh   features  as  the  full- 

h  sod-pan  and  by  making  parts  accessible  for  adjustment 

or    replacement.      The    use    of    OVersise    parts    was    advent,  ,1 
for  installation   after  wear  of  bearings   in   service. 

Referring  to  accessibility  and  to  the  common  lack  of  this 

desirable  feature,  the  speaker  recalled  an  instance  where  the 
main  bearings  could  not  be  adjusted  without  removing  the 
engine  from  the  frame.  Slight  changes  in  design  would  have 
remedied  the  defect,  reducing  the  COSl  of  service  greatly.  In 
another  car  it  was  impossible  to  bring  the  pistons  down  past 
the  crankshaft,  while  in  a  third  that  was  subsequently 
altered  the  tappets  could  not  be  adjusted  without  t h. 
moval  of  the  vacuum-tank,  the  carbureter  and   the   manifold. 

In  concluding  his  address,  Mr.  Hastings  mentioned  the 
possibilities  of  reducing  maintenance  charges  by  the  sys- 
tematic conduct  of  the  servicing  business;  this  including  t Hi- 
keeping  of  suitable  records,  the  use  of  the  flat-rate  system, 
the  economical  use  of  floor  space  and  equipment  and  tin- 
elimination  of  labor  losses  due  to  idleness. 

The  discussion  following  this  address  served  to  bring  out 
more  clearly  several  of  the  more  important  points.  All 
agreed  that  the  use  of  the  flat-rate  system  should  K 
tended  and  that  the  coordination  of  the  several  engineering 
branches  of  the  industry  is  essential  to  the  most  satisfactory 
functioning.  It  was  suggested  that  this  could  he  brought 
about  by  a  closer  study  of  the  problems  of  each  department 
by  the  members  of  other  departments. 


SERVICE    THE    BIG    BROTHER    OF    SALES 


Modern    Service    Methods   Outlined;     Training   Course 

for  Service  Men  Described 

Selling  of  service  is  the  real  business  of  an  organization. 
according  to  \V.  I..  Wise,  service  manager  of  the  National 
Cash  Register  Co.,  who  spoke  on  the  subject  of  Service. 
Furthermore,  it  was  the  speaker's  belief  that  a  company 
becomes  just  as  big  or  just  as  small  as  the  individual  service- 
man. This  conception  clearly  emphasizes  the  importance  of 
training  service-men  so  that  they  themselves  are  Bold  on  the 
features  that  they  in  turn  are  expected  to  sell.  For,  unless 
they  believe  the  service  to  be  good  and  the  product  worth- 
while, their  chances  of  convincing  others  are  exceedingly 
Small.  It  is  with  these  points  in  mind  that  the  National  Cash 
Register  Co.  has  developed  very  carefully  a  system  of  educa- 
tion and  training  for  the  men  who  act  as  points  of  contact 
between  the  factory  and  the  users. 

Approximately  half  of  this  training  is  mechanical,  the 
other  half  being  devoted  to  the  proper  sale  of  the  service. 
The  object  of  the  latter  is  to  instill  the  idea  into  the  man  and 
then  instruct  him  as  to  the  best  methods  of  passing  on  his 
conviction-  to  the  users.  Efforts  are  made  to  assure  the 
service-men  of  the  company's  interest  and  backing.  Further- 
more, he  sed  with  the  idea  that  his  own  activities 

have  a  direct  bearing  upon  the  future  progress  of  the  c 

pany;  that  is,  that  be  is  capable  of  making  or  breaking  his 
company's  reputation  throughout  the  territory  in  which  he 
Thus,  he  is  taught  to  think  well  and  to  speak  well 
of  his  product  and  to  take  pride-  in  its  betterment  by  giving 
to  the  company  any  helpful  suggestions  that  may  occur 
to  him. 

im    the   other   hand,  the   company   endeavors,  to   show   the 

rner  that  it  is  proud  of  the  service  and  of  the   men  who 

administer    it;    such    pride    should    result    only    from    a    real 

desire    and    effort    to    bring    about    the   condition    of    highest 

taction  to  the  use] 

The  fact  that  the  compan  •    price   for  the   repair- 

man's  work    is   invariably   passed   on   to   the   customer.     The 
prices  per  hour  include  the  cost  of  necessary  tools.     B< 
a  job  i-   undertaken  an   inspection  is  made  and  an  estimate 
of   the  cost  is   figured.      No  elaborate  overhaul    is   attempted 
without  the  customer's   consent, 

It  was  contended  that  the  expenditure  of  considerable  sums 
for  better  service  and  for  the  promotion  of  a  closer  feeling 
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of   understanding  among  factory,   repairman   and   customer 
was  amply  justified  on  a  basis  of  business  returns. 

In  conclusion,  Mr.  Wise  summarized  as  follows  the  items 
that  a  service-man  has  to  sell: 

(1)  The  company  and  its  product 

(2)  The  reasonableness  of  the  guarantee 

(3)  The   necessity   for  the   repair   job    according  to 

the  company's  standard 

(4)  The  use  of  the  company's  parts 

(5)  His  price 

(6)  The    need    for    having    the    machine    eared    for 

periodically 

(7)  The  proper  use  and  the  avoidance  of  abuse 

(8)  The  manufacturer's  service 

(9)  Most  important,  the  fact  that  the  service-station 

is  being  run  for  the  benefit  of  and  in  apprecia- 
tion of  users  and  not  as  a  means  of  deriving 
additional  income  from  them 
In  illustrating  the  many  interesting  points  of  his  address, 
Mr.  Wise  showed  samples  of  instruction  material,  advertis- 
ing literature  and  service  information  forms  which  are  used 
by  his  company   in   maintaining  its  service  department. 


P.  J.   Durham 


ELECTRICAL  EQUIPMENT   PROBLEMS 

Frank  Discussion  of  Conditions  Existing  in  the  Field 
That  Should  Be  Remedied 

One  of  the  most  impor- 
tant sessions  of  the  meet- 
ing was  that  at  which  P. 
J.  Durham,  secretary  of 
the  Automotive  Electric 
Service  Association,  and 
J.  W.  Tracy,  general  man- 
ager of  the  North  East 
Electric  Co.,  presented 
their  views  on  the  reasons 
for,  the  particularly  ag- 
gravating points  of  and 
possible  ways  of  remedy- 
ing the  unsatisfactory 
conditions  prevalent  in  the 
installation  and  mainte- 
nance of  electrical  equip- 
ment of  passenger  cars. 
Chairman  Bonham  intro- 
duced the  speakers  by  say- 
ing that  the  problem  in- 
volved is  a  tremendous  one  and  worthy  of  careful  thought. 

Mr.  Durham,  who  has  been  engaged  for  many  years  in 
the  maintenance  of  electrical  equipment  in  the  field,  said 
that,  whereas  some  repairs  can  be  accomplished  easily,  those 
that  must  be  made  when  the  cars  are  relatively  new  are 
peculiarly  disturbing  to  the  owners  and  the  repairmen.  He 
agreed  in  the  general  opinion  that  the  principal  cause  of  the 
trouble  is  "purchasing  department  engineering,"  an  expres- 
sion used  by  W.  A.  Chryst  at  the  meeting  to  indicate  that 
too  frequently  the  electrical  equipment  manufacturers  are 
held  down  unduly  in  the  matter  of  the  price  that  will  be  paid 
for  the  articles  they  produce. 

Mr.  Durham  pointed  to  the  fact  that  the  average  man, 
even  though  he  be  familiar  with  automobile  engineering  in 
general,  will  hesitate  to  attempt  to  diagnose  an  electrical 
ailment  of  a  car.  Of  course,  much  is  involved  in  the  work 
that  is  beyond  the  ability  of  the  average  mechanic.  Head- 
lamp doors  are  difficult  to  remove,  it  taking  hours  sometimes 
to  install  a  30-cent  bulb.  Focusing  devices  become  rusted  to 
such  an  extent  as  to  make  them  useless.  Many  reflectors  are 
not  what  they  should  be,  lenses  are  not  held  in  fixed  positions 
and  in  many  cases  no  method  is  provided  in  the  equipment 
for  aiming  the  lights.  In  too  many  cases  it  is  impossible  to 
make  an  adjustment  that  will  last  long.  Head-lamps  must 
be  made  better  and  more  easily  repairable  and   adjustable. 

The    speaker   referred    especially   to    the    poor    quality    of 


electrical  contacts  and  the  absurdly  small  screws  used  in 
electrical  equipment.  The  terminals  of  switches,  for  ex- 
ample, should  be  not  only  better  but  accessible.  At  the 
present  time,  reaching  and  adjusting  switch  connections  in- 
volves physical  contortion  by  the  operator  in  the  case  of  the 
average  car.  This  sort  of  thing  causes  unnecessarily  large 
labor  charges.  The  screws  should  be  at  least  as  large  as 
No.  12  size  and  be  made  of  brass  instead  of  iron.  Poor  con- 
tact at  an  ammeter  may  involve  almost  endless  expensive 
troubles  in  various  parts  of  the  electrical  equipment.  Fuses 
and  fuse  clips  are  too  flimsy  and  too  small,  as  well  as  difficult 
to  remove.  In  moderate-priced  cars  the  wiring  installment 
is  poor,  the  wires  being  generally  secured  at  the  terminals 
only.  In  this  connection  Mr.  Durham  said  that  a  standard 
code  of  colors  for  wires  would  be  of  great  value  in  locating 
and  remedying  circuit  troubles.  The  storage-battery  is  the 
source  of  the  greatest  annoyance  to  service-men.  Terminals 
of  generous  size  Would  aid  greatly  and  better  accessibility  is 
needed.  Too  many  types  of  terminals  are  used.  At  the 
present  time  the  keeping  of  a  stock  for  battery  service  in- 
volves considerable  investment,  if  slow-moving  special  sizes 
are  included.  In  Mr.  Durham's  opinion,  battery  containers 
should  be  made  larger  as  a  general  thing,  as  there  is  no 
doubt  that  the  owner  will  be  benefited  in  many  cases  by 
purchasing  a  larger  battery  than  that  furnished  with  his  car. 
The  shape  and  the  design  of  the  generators  have  been 
changed  so  much  that  in  practice  the  temporary  repair  of 
generators  has  become  almost  impossible.  For  this  reason 
the  investment  required  to  maintain  a  rental  service  is 
formidable  in  amount.  In  many  cases  inaccessibility  of  the 
generator  mounting  causes  too  high  laboi'-charges.  As  a 
whole,  the  generator  is  the  most  difficult  element  encountered 
in  the  servicing  of  electrical  equipment. 

With  reference  to  the  whole  problem,  Mr.  Durham  said 
that,  to  minimize  the  amount  of  required  repairs,  it  will  be 
necessary  to  improve  the  design  of,  materials  for  and  work- 
manship of  electrical  equipment.  He  feels  that  electrical 
connectors  of  the  detachable  type  are  unnecessary  on  head- 
lamps, as  the  latter  are  rarely  removed  from  the  car.  These 
connectors  cause  annoyance  because  they  are  small,  hard  to 
manipulate  and  inaccurate.  The  electrical  connections  be- 
tween the  wire  and  the  connector  and  between  the  plug  and 
the  socket  ai-e  not  sufficiently  dependable.  A  better  form  of 
connector  or  splice  should  be  provided  and  installed  under 
the  hood  or  inside  of  the  head-lamp.  Trivial  troubles  stall 
cars.  Generators  have  had  to  be  reconditioned  simply  because 
of  flimsy  connections  in  the  charging  line. 

Mr.  Tracy  explained  the  conditions  that  surrounded  the 
original  installation  of  electrical  starting  and  lighting  units 
on  cars  many  years  ago.  Little  time  was  available  for  re- 
designing engines  and  chassis  for  accommodating  this  equip- 
ment, and  therefore  the  servicing  of  the  parts  involved  was 
handicapped  from  the  start.  Room  for  improvement  in  this 
respect  still  exists.  Odd  and  unusual  sizes  and  shapes  of 
bolts,  nuts  and  screws  must  give  way  to  practicable  commer- 
cial standards.  Intricate  operations  and  complicated  cir- 
cuits will  have  to  be  simplified  and  the  repairing  of  the  equip- 
ment with  simple  tools  fully  considered  fundamentally  in  the 
design  of  the  apparatus.  Increased  labor-charges  for  re- 
pairs due  to  the  unsatisfactory  performance  of  inadequate 
equipment  should  not  be  tolerated.  The  battery  is  often  dis- 
missed by  the  car-maker  with  slight  consideration.  A  labor 
cost  of  $6  is  sometimes  involved  in  installing  a  6-cent  brush 
on  a  generator.  In  some  cases  the  radiator  must  be  removed 
in  this  operation.  A  repair-parts  stock  at  the  present  time 
includes  over  1000  different  types  of  electrical  equipment. 
One  electrical  manufacturer  has  over  400  different  armatures 
to  service,  these  being  characterized  by  very  minor  differences. 
Changes  should  be  avoided  when  possible;  and  when  they 
have  to  be  made  they  should  not  interfere  with  interchange- 
ability.  Satisfactory  service  cannot  be  had  in  the  field  if  the 
field  is  compelled  to  serve  as  a  "laboratory."  At  the  present 
time  many  service-stations  are  carrying  obsolete  parts.  The 
designing  engineer  can  be  most  effective  by  studying  the  con- 
ditions the  field  men  encounter  and  cooperating  fully  with 
these  men.     Design  of  new  apparatus  and  changes  in  design 
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may  call  for  radical  changes  in  the  testing  equip- 

rrice  organizations. 
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■ugh  attention  has  been  paid  to  the  men 

.vns  and  small 

ut   the   Country.      Mr.   Comma   said   that   no 

with  the  wiring  system  in  motor 

•   proper  installation  is  made  in  the  first  place. 

..:i    Bonham    recommended    that    various    units    of 

:.  signed    so    that    they    cannot    be 

:bled  on   a  car  in  any   way   except   the  right   way   and 

at  the  best  efforts  of  all  concerned  should  be  exerted 

-   and   repairmen   in  the  "hick"   towns,   as 

by  Mr.  Kettering,  inasmuch  as  65  per  cent  of  the 

product  of  the  automobile  factories   is  purchased  by  people 

::ng  in  or  near  the  small  cities  and  towns  of  this  Country. 


the  present  suspension  and  what  it  docs  theoretically.  Axl. 
movement,  with  and  without  the  air  spring,  will  be  taken 
up  next,  followed  by  a  study  of  the  relation  of  axle  movement 
to  riding  comfort.     Mr.   M  paper   will   also   include 

a  thorough  treatment  of  the  design,  manufacture,  installa- 
tion and  servicing  of  the  air  spring. 

The   Dec.   6   meeting  of   the  Detroit  Section   will   be   held, 
as  usual,   in  the  General   Motors  Building  at  S  o'clock,   pre- 
1  by  a  dinner  at  6:80  p.  m. 


1 1  \i-i;  \i  i  >    hi  i  i'i  i  i 


'  . ►. . | . t •  r a t i . ■  m    I  rged   f"r   tin-   Success   "I    tin- 
Flat-Rate  Venice 

In  a  paper  entitled  Ways 
in  Which  the  Engineer 
Can  Cooperate  To  Make 
Flat-Rate  Service  More 
Successful,  J.  W  il  1  a  rd 
Lord,  service  manager  of 
the  Harrolds  Motor  Car 
Co.,  called  attention  to  the 
importance  of  the  automo- 
bile maintenance  industry 
and  stated  that  service 
and  maintenance  establish- 
ments are  being  conducted 
more  and  more  along  mod- 
ern, straightforward  and 
honest  business  lines.  As 
an  evidence  of  such  im- 
provement he  cited  the  in- 
troduction of  flat-rate 
charges  for  repairs  and 
the  establishment  of  shop 
standards  for  measuring  the  performance  of  mechanics. 
With  reference  to  effecting  even  greater  improvement,  he 
expressed  the  belief  that  the  coordination  of  engineering 
with  service  is  bound  to  lead  to  the  production  of  vehicles 
that  will  give  greater  satisfaction  to  the  buying  public  than 
ever  will  be  possible  under  the  general  conditions  of  largely 
dissociated  engineering  effort  existing  today. 

that    en;  .operate    with    the 

leavot  to  reduce  maintenance  cha 
ration  at  the  time  of  designing  the  vehicle 
r  repair  work.  < '.  >  degree  of  accessibility  as  an 
facility  of  removal  and  repla 
1  the  holding  a  conventions  at 

ress  the  matter  of  repair  tools,  and  Urged 
•i  of  engineering  thought  to  the  production  of 
parts. 

I'M  I  MATH     SHOCK     aBSORPTION 
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Detroit  Section  t"  B  ii  Paper  on  Device  I  ring   Ui  ■■- 

-In. i  k-  Absorbing  M< -ilium 

.lustrate  the  paper  on  Shock  Absorbers  which 
E    of    the    Westinghouse    Air 
at   before   the   Detroit    Section   at   its 
:cal  seaai 
Mr.   McEll   y  will  cover  the  patent  history  and  early  de- 
velopment of  the  device  before  going  on  to  a  discussion   of 


Accessible  oil-Drain  and  Other  Design  Changes  I  rged 
at  Dayton  Service  Meeting 

In  discussing  the  sub- 
ject,  What  the  Engineer 
Can  Do  To  Help  the 
Public,  T.  A.  Waerner, 
engineer  with  the  Tide 
Water  Oil  Co.,  treated  the 
matter  of  crankcase-oil 
dilution  and  mentioned 
three  points  to  be  con- 
sidered by  engineers  for 
bringing  about  improve- 
ment in  this  regard.  These 
points  relate  to  design  and 
are  as  follows:  (a)  suit- 
able location  of  oil-drain; 
(b)  arrangement  of  parts 
to  facilitate  cleaning  them 
after  the  oil  has  been 
drained;  (c)  the  design  of 
T.  a.  Wakrnbb  crankcase  oil-sump  to  re- 

duce dilution. 
Mr.  Waerner  emphasized  tin-  necessity  for  draining  the 
crankcase  in  both  summer  and  winter  at  frequent  intervals 
and  argued  that  this  operation  would  be  conducted  more 
frequently  if  cars  were  designed  so  as  to  make  it  less  diffi- 
cult to  accomplish.  Calling  attention  to  the  decision  of  the 
Standards  Committee  of  the  Society  that  no  definite  type 
"f  oil-drain  should  be  standardized  but  that  a  suitable  oil- 
drain  of  ample  dimensions,  operable  from  a  point  under  the 
hood,  should  be  installed,  he  stated  that  very  few  factories 
produce  cars  whose  engines  are  so  equipped. 

As  a  universal  practice  in  all  designs,  consideration  was 
urged  of  the  arrangement  of  the  oil-pump  screen  in  such 
a  way  as  to  make  possible  the  removal  of  the  screen  inde- 
pendently of  the  oil-pan.  Mr.  Waerner  took  up  in  some 
detail  the  process  of  combustion  as  affected  by  the  structure 
of  various  types  of  gasoline  and  entered  into  a  discussion 
of  the  factors  responsible  for  crankcase  dilution  and  its 
damaging  effects  on  engines.  He  called  attention  to  the 
incongruity  of  the  variety  of  crankcase  capacities,  i 
ranging  from  4  to  14  qt.,  and  recommended  standardizing 
on  two  capacities,  one  measure  for  four-cylinder  engines 
and   the  other  for  six   and  eight-cylinder  era': 


ANNUAL   MEETING    IN    DETROIT 


Vrraugemeiil-     I  *  r  •  --■_-.      I   \l.n-i\.      I'n.m.im    ami    Large 

Attendant  e 

Arrangements  for  the  Annual  Meeting  in  Detroit,  Jan.  22 
to  25,  are  progressing  rapidly  and  a  number  of  the  pre- 
liminary details  can  be  announced  at  this  time.  It  is  planned 
to  make  the  program  of  papers  the  most  comprehensive  of 
any  meeting  ever  held  by  the  Society.  This  will  necessi- 
tate the  scheduling  of  simultaneous  sessions,  but  the  topics 
will  he  arranged  so  that  very  little  conflict  will  occur  be- 
n  papers  on  related  subjects  that  are  of  direct  interest 
to  special  groups  of  the  membership.  All  sessions  will  be 
held  in   the  massive  building  of  the   General   Motors  Cor- 
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poration.  Morning  meetings  will  be  held  in  the  auditorium 
which  is  capable  of  seating  1100  persons.  Papers  of  general 
interest  will  be  given  at  these  morning  sessions  and  it  is 
probable  that  no  meetings  will  be  run  simultaneously  with 
them.  Afternoon  and  evening  sessions  will  be  held  in 
quarters  on  the  15th  floor  of  the  General  Motors  Building, 
these  being  provided  through  the  courtesy  of  the  General 
Motors  Corporation.  Facilities  are  available  in  the  build- 
ing for  telegraphic  service,  purchase  of  railroad  transporta- 
tion and  the  serving  of  excellent  cafeteria  meals.  It  is 
unlikely  that  any  better  place  could  have  been  chosen  for 
the  Annual   Meeting  anywhere  in  the  Country. 

Committee  Organization 

Mason  P.  Rumney,  chairman  of  the  Meetings  Committee 
of  the  Society,  has  chosen  several  sub-committees  of  the 
general  committee  to  assist  in  making  the  arrangements 
for  this  big  undertaking.  The  personnel  of  the  committees 
so  far  appointed  is  as  follows: 

ENGINE,  FUEL  AND  CHASSIS  PROGRAM 

Thomas  J.  Litle,  Jr.,  Chairman 

L.   C.  Freeman  W.  R.  Strickland 

George  L.   McCain  J.  G.  Vincent 

F.   E.  Watts 

PRODUCTION   PROGRAM 
K.  L.  Herrmann,  Chairman 
Committee  being  organized 

AERONAUTICAL  PROGRAM 

Prof.   E.   P.  Warner,   Chairman 

Committee  being  organized 

TRUCK  AND  BUS  PROGRAM 

F.  C.  Horner,  Chairman 

Committee  being  organized 

BODY  ENGINEERING  PROGRAM 
A.   L.   Knapp,   Chairman 


Dean   Baskerville 
A.  A.  Cripps 
William  Davis 
A.  J.  Fisher 
Kingston  Forbes 


Otto  Graebner 

W.  H.  Jones 

R.  A.  LaBarre 

J.  W.  Votypka 

J.  F.  Wilson 


Each  of  these  committees  will  be  responsible  for  the 
program  of  papers  given  in  its  respective  field.  All  com- 
mittees are  now  functioning  and  the  program  is  practically 
closed.  A  special  issue  of  the  Meetings  Bulletin  will  reach 
the  members  about  Dec.  15  and  this  will  contain  the  tentative 
program.  Present  plans  call  for  four  sessions  on  engines, 
fuels  and  chassis;  three  body  meetings  are  scheduled;  aero- 
nautical subjects  will  require  two  sessions;  two  meetings 
will  be  devoted  to  trucks  and  buses;  and  at  least  two  pro- 
duction meetings  will  be  held. 

Subjects  of  Annual  Meeting  Papers 

Present  plans  as  contemplated  by  the  several  committees 
on  papers  call  for  discussion  of  the  following  subjects: 

Engine,  Fuel  and  Chassis 

Steam  cooling  systems 

Radiator  design 

Carbureter  characteristics 

Anti-knock  fuels 

Detonation  control 

Crankease-oil   dilution   and   engine   wear 

Brake  testing 

Constant-compression  engines 

Air-cleaners 

Manifold  design 

Fuel  volatility 
Aeronautics 

Design  of  the  Shenandoah   (ZR-1) 

Engine  design  for  reliability 

Research   work   of   the   National   Advisory   Committee 
for  Aeronautics 


General  Motors   Building.  Detroit.  Where  the   1924   Annual 
Meeting   Will   Be  Held 

Design   of   commercial    aircraft 

Operating  experience  of  the  Postal  Service 
Truck  and  Motorbus 

Motorbus  and   railroad  transport  coordination 

Operation  of  urban  and  interurban  motorbus  systems 

Motorbus  transportation  and  its  relation  to  traffic 
Body  Engineering 

Nickel   plating 

Black  enameling  on  non-ferrous  metals 

Upholstery  fabrics  and  styles 

Casein  glues 

New  body  constructions 

Detrimental  effects  of  accelerated  drying 
Subjects  for  the  production  meetings  have  not  been 
selected  as  yet.  A  large  number  of  car  and  parts  com- 
panies are  being  asked  for  papers  on  manufacturing  prob- 
lems and  the  program  is  certain  to  be  of  interest  to  factory 
men. 

Standards  Committee  Meeting 

Many  important  recommendations  will  be  voted  on  by  the 
Standards  Committee  at  its  annual  meeting  which  will  be 
held  in  Detroit  on  Tuesday,  Jan.  22.  This  meeting  will 
open  the  activities  of  the  4-day  gathering  of  the  Society. 

It  is  probable  that  the  Annual  Business  Meeting  and 
election  of  officers  will  be  scheduled  for  Tuesday  evening, 
Jan.  22.  This  meeting  is  expected  to  be  a  very  important 
one  because  of  the  probability  of  there  being  a  general  dis- 
cussion of  relations  between  the  parent  Society  and  the 
Sections.  Following  the  conclusions  of  the  business  pro- 
gram and  the  address  of  President  Alden,  a  representative 
of  the  Ordnance  Department  of  the  United  States  Army 
will  present  an  illustrated  talk  on  the  remarkable  develop- 
ment of  ordnance  materiel,  both  general  and  automotive, 
that  has  been  accomplished  in  the  past  year  or  two. 

Reduced  Railroad  Fares 

It  will  be  possible  for  members  of  the  Society  to  secure 
reduced  railroad-fares  to  the  Annual  Meeting  in  Detroit. 
The  plan  will  operate  the  same  as  that  used  at  past  Annual 
Meetings  and  will  entitle  members  using  the  proper  certi- 
ficates to  buy  return  tickets  from  Detroit  to  their  homes  at 
half-price.  Complete  details  of  this  reduced-fare  plan  will 
be  published  in  the  Meetings  Bulletin  and  in  the  January 
issue  of  The  Journal. 

It  is  not  too  soon  to  warn  members  that  hotel  facilities 
in  Detroit  will  be  taxed  during  the  week  of  the  Annual 
Meeting.  Detroit's  Automobile  Show  will  be  in  progress 
during  the  meeting  period  and  will  attract  many  people  to 
the  city.     Arrangements  are  being  made  with  some  of  the 
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r  our  members   until  Jan.   1,  and  a 

.tions  will   bo  announced  in  the  near 

bing  to  prevent  far-sighted 

■ear  g    direct    to    the    hotels    and    making 

os   at   this   early   date.      The   Meetings    Committee 

approval    on    the    following 

itler 
Hotel  Tuller 
Ferine  Hotel 
-i-.elby    Hotel 

-  atler  ha-  ■    a   part  of  its  aeeomm 

members   so  that    it    is   advisable   to   state 

ur    letters    to    them   that  you   will    attend   the   Annual 
ng  of  tht 


be    made    in    the   order   of    receipt,    the   better    table    locations 
tfoine;  to  the  early  eomers.      Moral:    Send  yours   in   promptly. 


<•  U    <  \KM\  \l    IN   DETROn 


Famous  -...  i.il  Function  Revived  a-  tli>-  Entertainment 
1  eatnre  of  Meeting 

Worshippers  of  Terpsichore  and  adherents  of  syncopation 

and  gay  revelry'  will  listen  with  tinkling  enthusiasm  to  the 

announcement  that  the  Society's  Carnival  has  been  revived ! 

.e  October  meeting  of  the  Council,  the  Meetings  Com- 

e  made  the  suggestion  that  this   popular  social  event 

be  scheduled   as   the  entertainment    feature   of   the   Annual 

ng  in  Detroit  in  January.     Approval  was  given  by  the 

Council   and   the   following   large  committee   of   Detroit  en- 

:s   now  busily  laying  plans   for  one  of  the  finest 

social  gatherings  ever  held  by  the  Society. 

\RNIVAL  COMMITTEE 

George  H.   Hunt,  Chairman 

Fred  A.  Cornell  G.  E.  Goddard 

V.  C.  Cramer  B.  G.  Koether 

W.   P.  Culver  W.  C.  Little 

H.  T.  Ewald  Neil  McMillan,  Jr. 

R.  K.  Floyd  M.  P.  Rumney 

Oriole  Terrace,  Detroit's  largest  and  finest  dine-and- 
dance  establishment,  has  been  chartered  for  the  night  of 
Jan.  23  for  this  great  party.  It  will  accommodate  750  pi 
the  music  will  be  strummed  and  syncopated  by  an  unusually 
fine  orchestra  headed  by  a  gentleman  named  Theis,  whose 
abilities  have  just  about  captured  all  of  the  fox-trotters  in 
the  Motor  City. 

An    innovation    is    planned    in    connection    with    the    1924 

Carnival;   all   present   will   be   seated   at   reserved   tables  as 

in  the  usual   dinner-dance   establishment.     Applications   for 

tables    will    be    included    with    the    issue    of    the    Meetings 

'in   to   be    mailed  about    Dec.    1  5   and    reservations   will 


Bergmann 


\\\l   M    DINNER    VT   HOTEL  ASH  I R 

Transferring  the  An- 
nual Meeting  to  Detroit 
will  not   affect   that  great 

institution,  the  Annual 
Dinner.  This  important 
event  will  be  held  at  the 
Hotel  Astor,  Thursday 
evening,  Jan.  10,  starting 
at  6:30  o'clock.  A.  ('. 
Ki-rgmann  has  been  ap- 
pointed chairman  of  the 
committee  that  will  be  in 
charge.  He  promises  to 
create  an  unusually  fine 
atmosphere  of  good  fellow- 
ship. Special  tare  will  be 
taken  to  see  that  folks  jret 
acquainted  and  have  an 
enjoyable  evening. 

As  announced  in  the 
last  Meetings  Bulletin, 
the  Society  has  been  successful  in  securing  E.  S.  Jordan, 
more  intimately  known  as  "Ned,"  as  toastmaster  for  this 
occasion.  Those  who  know  Ned  Jordan  and  have  enjoyed 
his  genial  humor  and  sound  sales  logic  will  appreciate  that 
the  work  of  the  helmsman  will  be  handled  satisfactorily. 

Only  two  speakers  will  be  on  the  program.  We  are  for- 
tunate in  having  secured  Dr.  M.  L.  Burton,  president  of  the 
University  of  Michigan,  a  speaker  noted  for  his  forcefulness, 
interesting  personality  and  his  ability  to  leave  a  message 
that  men  will  think  about  long  after  the  day  of  his  address. 
He  has  chosen  as  his  subject  That  Mind  of  Yours.  You  may 
be  sure  that  he  will  tell  you  some  things  about  it  that  will 
make  you  have  a  greater  respect  for  the  important  problems 
facing  the  world  today  and  your  responsibility  in  being  fit 
to  solve  them. 

Although  we  have  received  the  tentative  acceptance  of 
another  speaker,  whose  high  standing  as  an  authority  on 
commerce  and  a  statesman  is  internationally  acknowledged, 
it  is  impossible  to  make  any  definite  announcement  until  a 
later  date,  owing  to  the  fact  that  his  engagements  with 
national  affairs  mipht  cause  an  unexpected  interference. 
Dinner  ticket  applications  will  be  included  with  the  next 
issue  of  the  Meetiit;/*  Unlit-tin,  reaching  the  members  about 
Dec.  15.  Seats  will  be  reserved  in  the  order  of  receipt  of 
these  applications,  preference  as  to  location  being  accorded 
the  earlv  comers. 
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Howard,  H.   F.,  manager  of  service  department,  Wire  Wheel   Cor- 
poration of  America,  Buffalo. 

Jackman.  Chester  C,  works  manager,  Stanley  Motor  Carriage  Co.. 
A  ewton,  Mass. 

Jacobs,  W.  T.,  chief  engineer,  Stephens  Motor  Car  Co.,  Freeport,  III. 

Krieter,   Harry   R.,    student,   University   of   Michigan,   Ann  Arbor 

M  ich . 

Liddle,  George  D.,   student,  Ohio  State  University,   Columbus,  Ohio. 

Miller,   John   H,   superintendent,    International   Motor   Co.     Allen- 
town.  Pa. 


The  applications  for  membership  received  between  Oct. 
15  and  Nov.  15,  1923,  are  given  below.  The  members  of 
the  Society  are  urged  to  send  any  pertinent  information 
with  regard  to  those  listed  which  the  Council  should  have 
for  consideration  prior  to  their  election.  It  is  requested 
that  such  communications  from  members  be  sent  promptly. 


Akron-Selle  Co..  Akron,  Ohio. 

Anderson,  M.  C,  engineer,  Lee  Trailer  &  Body  Co.,  Chicago. 
Anderson,  O.  L.,  layout  draftsman,  Rickenbacker  Motor  Co.,  Detroit. 
Aters,  Donald  J.,  chief  engineer,  Anthony  Co.,  Streator,  III. 


Moore,  Harold  M.,  student,  Ohio  State  University,  Columbus,  Ohio. 

Morris,    C.    A.,    manager    and    proprietor,    Morris    Motor    Car    Co., 
Waterloo,  Iowa. 

N'agle,   L.    S„   sales   engineer.   Pacific  coast   division,   Hyatt   Roller 
Bearing  Co..  San  Francisco. 

Newman,    Alexander,    student,    Armour    Institute    of    Technology 
Chicago. 

Oswalt,  Elmer  J.,  student,  Ohio  State  University,  Columbus.  Ohio. 

Pearlstone,  Paul,  student,  Sheffield  Scientific  School,  New  Haven 
Conn. 

Peresutti,  Luis,  student,  Ohio  State  University,  Columbus,  Ohio. 


Babington,  Alfred  Edward  Wilfred,  automobile  broker,  436  Tonge       Quimby,  George  Willis,  automobile  body  engineer,  Fox  Motor  Car 
Street,  Toronto,  Ont.,  Canada.  Co.,  Philadelphia. 

Ralls,  George  H,  sales  manager,  Gabriel  Mfg.  Co.,  Cleveland. 

Ritter.   Ralph  B.,   mechanical  engineer,  A,   O.   Smith  Corporation, 
Milwaukee. 

Sage,  Fred  L.,  engineer.  Mason  Motor  Truck  Co..  Flint,  Mich. 

Schermerhorn.   Charles  B.,  student,  Universitv  of  Michigan,  Ann 
Arbor.  Mich. 

Simpson,  Andrew,  instructor.  Swarthmore  College,  Swarthmore,  Pa. 

Simpson.  Theron  B.,  assistant  tool  engineer.  Motor  Wheel  Corpora- 
tion, Lansing.  Mich. 


Barnett.  John  H.,   advertising  manager,   Robert  H.   Hassler,  Inc., 
Indianapolis. 

Best.   Francis   Clarence,    chassis    draftsman.    Packard    Motor   Car 
Co.,  Detroit. 

Bitzer.  Harper  G.,  student,  Ohio  State  University,  Columbus,  Ohio. 

Blackman,     Edward     C,     assistant     in     experimental     department, 
American-La  France  Fire  Engine  Co.,  Elmira,  X.   Y. 

Brooks.   Melvin   S.,  Ford   Motor  Co.   of  Canada.   Ltd.,   Ford,  Ont., 
Canada. 


Bryan,  Harry  F.,  carbureter  engineer.  Ensign  Carburetor  Co.,  Los       Skxenar.  Fred  H..  draftsman.  Beneke  &  Kropf  Mfg.  Co.,  Chicago. 
Angeles. 


Bryson,  William  R.,  designer,  Rickenbacker  Motor  Co.,  Detroit. 
Cain,  Joseph  I.,  student.  University  of  Illinois.  Vrbana,  III. 
Carlson,  Clifford  E.,  chemist,  Remington  Arms  Co..  Ilion.  N.  Y. 


Smillie,    Charles    M.,   Jr.,    efficiency   and  methods   engineer,    Tern- 
stedt  Mfg.  Co.,  Detroit. 

Staring.  W.  H..  vice-president,  Perfection  Heater  &  Mfg.  Co..  Cleve- 
land. 

Stille,  Ernst  H,  draftsman,  Sayers  &  Scovill  Co..   Cincinnati. 


Courtney,    Harry    V.,    student,    Stevens    Institute    of    Technology, 
Hoboken,  N.  J. 


Swanson,  Verner  J.,  chief  engineer,  A.  L.  Powell  Power  Co.,  Inc., 
Cleveland. 


Crawford,    Joseph    T.,    manager    of    automobile    sheet    department, 
American  Rolling  Mill  Co..  Middletown,  Ohio. 

Cunningham,   John  Hunter,   chief  engineer  and   designer,   W.   H. 
Dorman  &  Co.,  Ltd.,  Stafford,  England. 

Fezandie,     Eugene,     instructor,     Stevens    Institute    of    Technology. 
Hoboken,  N.  J. 

Fors.  Arthur  R.,  production  engineer.  Continental  Motors  Corpora- 
tion, Detroit. 

Fuller,  Wayne  R.,  manager  of  industrial  sales.   Pratt  &  Lambert. 
Inc.,  Buffalo. 

Gauthier.   Donat  A.,   assistant   mechanical  superintendent,    Ottawa 
Car  Mfg.  Co..  Ottawa,  Ont.,  Canada. 

Goodier.    Homer    Wadsworth,    mechanical    engineer.    Atmospheric 
Nitrogen  Corporation,  Syracuse ,  X.  Y. 

Granger,  Henry  R..  student.  Cornell  University,  Ithaca.  N.  Y. 

Hall.  Fred  A.,  draftsman.  Yellow  Coach  Mfg.  Co.,  Chicago. 


Tibbets,   Fred   H,    Jr.,   student.   Ohio    State   Universitv,    Columbus, 
Ohio. 

Truscott,    Percy   J.,   teacher.    Arthur   Hill   Trade   School,    Sagi.nv- 
W.  S.,  Mich. 

Tyler.  Ralph  H,  general  superintendent,   Herbrand  Co.,  Fremont, 
Ohio. 

Vanderwall.   Theodore,   engineer.   C.  M.   Hall  Lamp   Co.,   Kenosha 
Wis. 

Vapady,  John  C,  student  Ohio  State  University,  Columbus.  Ohio. 

Vigmostad.  Teygve,  body  engineer,   Stephens  Motor  Car  Co.,   Free- 
port,  III. 

Waters.  Maurice  W.,  clerk  in  traffic  department.  Detroit,  Toledo  & 
Ironton  Railroad  Co..  Detroit. 

Williams.  Richard  C,  sales  engineer,  E.  I.  duPont  de  Nemours  & 
Co..  Parlin.  X.  J. 

Willits.  S.  R..  sales  engineer,  Beneke  &  Kropf  Mfg.  Co..  Chicago. 

Wilson,  Frank  E.,  student,   Ohio  State  University,  Columbus.  Ohio. 


Halliburton.   Virgil  Francis,   student.   Massachusetts  Institute   of       Woodward.  Irving  C.  mechanical  engineer,  Prest  Bartv   \xle  Co 

poration.  Syracuse,  X.  Y. 


Technology,  Cambridge,  Mass 
Heintz,  Leo  I.,  president.  Heintz  Mfg.  Co..  Philadelphia 


Wright.   Paul  D.,  student.  Ohio  State  University,   Columbus,  Ohio. 
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ire    qualified    for    adii. 
to   the   Society    between   Oct.    10    and    Nov.    10.    1923.     The 
..■  grades  of  membership  are  Indicated  by   (M)    Mem- 
Member;    (J)   Junior;    (An?)    Affiliate : 
reign  Member;    (K   Si 


University  of  Cincinnati,  Ciu- 
-  '      .    Ptqostti     Street. 

Brrzsx.  HaEpbh  G.    (E  S)  student.  Ohio  State  University,  Columbus, 
St  ]  niour  Avenue. 

••      Roessrr    Hickman     (A)     owner,    Blackburn    Oil    Co., 
anbury.  S.  C.  (mail)  P.  O.  Box  51. 

Bliivbm,  M    <  A  j  branch  manager.  Templar  Motors  Co.,  Cleveland, 
Webb  Road.  Laketcvod,  Ohio. 

Bjesi.  Enea  (M)  eng  Feeding  Vaporizer  Corporation.  173? 

.  -it  1'orfc  City. 

Bboca  A)  advertising  manager.  Black  &  Decker  Mfg.  Co., 

To\cton,  Hd. 

Bstaxt,  WrutUB)  Robsst    (A)   engineer.   Hole  &   Bryant.   31,    East 
Reach.  Taunton,  Somerset,  England. 

Cahmaxn*.  Oswald.  Jr.    (J)   engineer,   Davis   Sewing  Machine  Co., 
ton,  Ohio,    (mail)   125   North   Main   Street. 

CaU.  Haut  R.    (J)    Inspector  and   tester  of  electric  trucks.  Ward 
Vehicle  Co..   Mount    Vernon.  N.  Y..    (mail)    209   Johnson 
iiue.  Hackensack,  X.  J. 

Childs.    Kxnneth    L.     <M)    research    engineer.    Standard    Textile 
New    York    City,     (mail)    The    Whluier.    Burns 
.  i»e(roiI. 

■vs.  Joseph    P     (M)    chtet  engineer.  Mitten-Traylor.    Inc..   1108 
.Ming.  Philadelphia. 

chemist.    Spicer  Mfg.  Corporation.   South 
PI.  J.    'mail)    143  Jackson   Avenue.   Plainfirld,  X.  J. 

Cook.  ROT  J     (A)    Eastern   manager  of  sales.   Westinghouse  Union 
Ba  -svale.     Pa.,     (mail)      376     North     Fullerton 

'..'■mfclair,  X.   J. 

Cbatt,  Edwabd  B     (M)   chief  engineer.  Western   Electric  Co.,  Inc., 
I    ,rk  City. 

•Alt)    Jamestown,  X.   y. 
:   Swlsshelm.  C.   R. 

Draitixii  A)    tool    supervisor.    Gould   &   Eberhardt, 

.irk    N.  J.    (mall)    244   Lincoln  Place.  Irvinglon.  X.  J. 

Dcaks.  Chasles  L.   (A)   sales  engineer.  S.K.F.  Industries,  Inc.   K.r> 
.'.  •  w    for*  City. 

Dnun.  Sidnet   R.    (Mi    cable  engineer,    Whitney    Blake   Co..    105 
York  City. 

'■'.  •    assistant    general    manager,    Olds    Motor 
rks,  l.amnng.  ifirh  ,  (mail  h  Jenison  Avenue. 

alef   engineer.    Ternsledt    Mfg.    Co..    6307    Fort 

Fases.     I.      K      (J  i     mechanic.    Tellow    Cab    Mfg.     Co.     r.SOl 

Fai*<  W       iak    (J)    test    englni  rrl    Oil    Co 

Haltimurr.    (mall)    52r.    East   20th   81 

(M)    engineering    department.    National    Lamp 

ICMMf,    Ohio. 

Floto,  A.  A.  (J)  sale*  engineer  Axle  &  Spring  Co.,  Wllkes- 

.l)m<r,  VUU,  Pa. 

Fktkan.   Ale-  In'-. 

/;    ■••,):hjn,    X      Y. 

OsmBOAN,  C    Weelxt    (A)    sales  manager.    National    Lead   Co.   Ill 

Grbt,  Edwae:  Virginia    I  Zork  City. 

ger.    Depot 
ago. 


Mai  Lint  ikton,  Viuoii.  Francis  (B  B)  student,  In  mechanical  «n- 
gineerlni  Massachusetts  Institute  of  Technology,  ComerMflg, 
Ma—.,  (mall)  Bos  104,  Massachusetts  Institute  ••(  Technoloi 

Hansin    ii    a    i  m  i   manager,  Btromberg  Motor  P.  i 
Iwai  d    \\  i  dim,   D(  tvoir. 

rTH  \N  i.M  district  manager.  Cincinnati  Hall  (.'rank 
Cincinnati,  (mail)  Room  5-101  General  Motors  Building, 
oit. 

Edwin    ii      (A)    genera]    sales   manager.    Dunlop    Tire    A 
Rubber   Co.    of   America.   Buffalo. 

KizEit.  K.iim.  K  (A)  chief  engineer  in  cab  department,  Bauer  Ufa. 
Co  111  East  80th  Street,  Chtoago;  president,  Klser  Equipment 
Co.,    8110   S.oith   Michigan    A\  ago. 

B.    'Mi    manager    of   drafting    room,    Studebaker 
ration    Ol  \  venue.    Delroit. 

Lukek.  Fsjed  (J  i  experimental  In  charge  "f  dynamometer 

m.    A.    C.    Spark    Plug    Co.,    Flint,    Jiith.,    (mall)    60'.t    Mary 
Sti. 

McKklvt,  Tom  M.  (A)  inventor  and  designer,  McKelvy  Rotary 
Valve  Co.,  inc..  y  .  (mail)   St.  Andrews  Apartments, 

McMahon,  John  F.  iM)  mechanical  superintendent.  Yellow  Taxi 
Corporation.  New  York  Cil.u.  (mail)    640  West  153rd  Sti 

Main,   Pbanx   I.     (A)    assistant   sales   manager   and   experimental 
engineer,     Hayes    Wheel    Co.,    Jackson,    Mich.,     (mall)     3-258 
■  ral  Motors  Building,   Detroit, 

Meese.  Horace  S  (If)  transportation  consultant.  Commercial 
Truck  Co..  Philattclphia.    (mall)    260  South   ISth  Street 

Meldrim.  H.  W.  (J)  stinlent.  Carnegie  Institute  of  Technology, 
I'ittsburgh,  Pa.,    (mail  I    4L'0   South   Dithridge  Street. 

MaBJUTT,  Ralph  V.  (A)  American  Steel  Chase  Co..  New  York  City, 
(mall)  East  WUUaton,  s.  Y. 

Mo.n'Jar,  J.  G.  (A)  sales  representative,  Hyatt  Roller  Bearings  Co., 
■Drlroir,    (mail)    1381  Coplin  Avenue. 

Neal£.  Fred  (M)  designer.  Northway  Motor  &  Mfg.  Co.,  Detroit, 
(mall)    12747   Myers   Road. 

Nelson,  Reginald  (A)  chief  mechanic.  Borden  Farm  Products 
Co.,  Brooklyn,  N.    Y..   (mall)    196  Greene  Avenue. 

Newman.  Alexander  (E  S)  student.  Armour  Institute  of  Tech- 
nology,  Chicago,    (mall)    343    North   Central  Avenue. 

Oestermeyer.  Carl  F.  (M)  electrical  engineer,  Willard  Storage 
Battery  Co..  Cleveland. 

Ofbnsend.  Chase  F.  (A)  mechanical  engineer.  Miller  Rubber  Co., 
.Akron,    OAio. 

Ooawa.  Y08HIO  (J)  student.  Trl-State  College  of  Engineering, 
Angola,  /ltd.,    (mail)    P.   O.  Box   211. 

Pratt.  Theodore  D.  (M)  general  manager.  Motor  Truck  Associa- 
tion of  America.  1819  Broadway,  ,Vetc  york  City. 

Radford,  W.  H.  (M)  vice-president,  Balboa  Motor  Corporation. 
Detroit,    (mail!    1691    West   Euclid   Avenue. 

Rushmore.  S.  W.  IM)  owner.  Rushmore  Laboratory.  I'lainftrlit. 
X.  J.,    (mail)    694   Bclvldere  Avenue. 

Satterthwaite,  Oeoroe  (M)  manager  of  steel  works,  Henry  Dlss- 
ton  &   Sons,    Tacony,  Philadelphia. 

Shield.  John  (A)  assistant  engineer.  Northern  Electric  Co..  Ltd., 
Afonlrral.  Canada,    (mall)    79  Rozel   Street. 

Shimkr,  William  Robert  (M)  metallurgical  engineer,  Bethlehem 
Steel  ("  ,  Bethlehem,  Pa. 

Si-ofiorii.  Haiirt  H.  R.  (A)  mechanical  engineer,  Copper  &  Brass 
Research   Association,   25   Broadway.  New   York  City. 

Star'k,  W.  A.  (A)  engineer.  Badger  Mfg.  Corporation,  156  Clinton 
Street,  Slilwauk'  ■ 

i.  riiy.miE  A     (A)    rice  president,  U.  S.  Ball  Bearing  Mfg.  Co., 
i 'aim.  r  Si  .  CM,  ago. 

S'wa-  C       n       (A)     service     manager     anrl     service     engl 

T.  V.   T    MotOl  "in,   City  of   Washington,    (mail)    3213 

33r<l    Place,    Northwest. 

Thomson,  Horace  L.    (A)   research.  J.rhmd,  Mich. 

THOMSON1,  WdLLIAII  O  (A)  automobile  mechanic.  Consumers  Ice 
Co..   Hun   Francisco,    (mall)    161   Chilton   Avenue. 

Varadt.  John  C  (B  B)  student,  Ohio  State  University,  Columbus, 
Ohio,  i  <:  -ill  8!  Chittenden  Avenue. 

Vottpka.  John  W.    (Mi    body  engineer.  Towson  Body  Co..  Detroit, 

(mall)    2661    Northwestern    Avenue 

Wall.  Max  (A)  engineer,  Max  Wall  &  Co.,  53  Tory  Street,  Writing- 
ton.    V'  »    /•aland. 

Wharam.  JOBTM  .1  (M)  assistant  engineer,  Lincoln  Motor  Co., 
Dearborn,    Mich.,    (mall)    2676   Monteialr  Avenue,   Detroit. 

WotzmrBITM,  PaSD  C  (A)  commercial  artist.  Wlnzenburg  Artlets, 
410    South    Michigan   Avenue,    Chicago. 


THE  JOURNAL  OF  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 

INDEX  TO  VOLUME  XIII,  JULY-DECEMBER,  1923 


July 

August 

September 

October 

November 

December 


Pages 
1-108 
109-176 
177-254 
255-354 
355-442 
443-540 


Abell,  R,  on  Single-Valve  Internal- 
Combustion  Engine  Design  and 
Operation  301 

Acceleration    force    for   one   cylinder  486 

Accident  prevention  365 

Acetone    in    composite    engine-fuels,    use 

of   (R  F  Remler)  23 

Adjustment   of  wheel   parts  59 

Aeronautics 

American   safety   code  150 

Helium   in  airships  400 

Agricultural  Equipment  Division,  S  A  E, 
report  at  semi-annual  meeting  79 

Agricultural  Products 

Marketing  of 
Price  of 

Air-cooled     automotive 
Grimes) 

Air-cooled  passenger-car  engines,  air- 
craft-engine practice  as  applied   to 

Aircraft-engine  practice  as  applied  to 
air-cooled  passenger-car  engines  (S 
D  Heron) 

Air-cushion  tire  session  at  semi-annual 
meeting 

Airplanes 

Commercial    travel 

Development  of  commercial 

Inexpensive  construction  of  para- 
mount   importance 

Must  carry  greater  pay-load  with 
same   power 

Races  at  St.  Louis 


engines      (C     P 


449 
460 

125 
16 

16 
66 


513 
511 


511 
400 


.4  irships 

Helium    in  400 

Photoelastic    method    applied    to    rigid 

research  497 

The  model  497 

Air-temperature  and  fuel-viscosity  effects  9 
Allen,  R  J,  on  Testing  Materials  for 

Automotive    Parts  39 

Aluminum-alloy  pistons  38 

American   aeronautical  safety   code  150 

American    Electric    Railway    Association 

annual   meeting  375 

American    Petroleum    Institute    meeting 

announced  516 

American  workingman  437 

Analysis      of      shape      of      pressure-time 

curves  115 

Analysis     of    various    four-wheel    brake 

designs   (C  W  Jacobs)  512 

Annual    dinner    announced  532 

Annual  Meeting,  S  A  E 

Announced  530 

Carnival    announced  532 

Committee  organization  531 

Reduced    railroad    fares  531 

Standards    Committee    meeting  531 

Subjects  of   papers  531 

Application  of  conveyor  equipment  to  a 
small  production  plant  (H  P 
Harrison)  357.  432.  47:' 

Application   of    the    Diesel    engine    to    the 

yachting  field    (George  A   Colley)        450 
Application  of  research  369 

Automobile  head-lamp  regulation  (James 

J  Shanley)  249 

Automobile  service    (C  P  Kettering) 

Automobiles 


Cooperation  in  the  solution   of  service 

problems  384 

Deceleration    tests  495 

Decelerometer   for    testing   brakes  499 

Dynamic  tests  of  parts  39 

Economic    motor-fuel    volatility  3 

Effects    of    air-cushion    tires    on    oper- 
ation 44 
Effects    of    air-cushion    tires    on    speed 

and   steering  44 

Engineers  vitally  concerned  in  used- 
car  problem  521 
Equalization  of  brakes  56 
Factory  engineer's  influence  94 
Final  inspection  line  3G5 
Fire  hazards  of  247 
Four-wheel  braking  systems  55 
Fundamental  characteristics  257 
Fundamentals     of     low-pressure      air 

tires   considered  4 1 

Galloping  and  front-wheel  toe-in  46 

Head-lamp  regulation  249 

Illumination      diagrams     for      showing 

head-lighting    device    performance        333 
Importance    of   better   head-lamps   and 

proper  adjustment  25,  221,  520 

Low-pressure  tires  applied   to  47 

Mechanical    braking    on     four    wheels 

as   a   present   necessity  55,216 

More  comfortable   interiors  383 

No  profit  in  used  car  for  dealer  520 

Operative    smoothness  59 

Packard  single-eight  2 r, 7 ,  485 

Painting  the  hood,  fender  and  wheels  519 
Principles  of  servo-brake  58 

Prolongation    tests   of   parts  39 

Providing    engineer    with    data    to    im- 
prove design  527 
Public's  and   car-builders'   attitude   to- 
ward   balloon    tires                                      461 
Radiator   capacity    and    engine    horse- 
power 30 
Radiator    sizes    in    practice  31 
Rebound  checks                                                 464 
Reinforcement    and    steering    ability           57 
Relation  of   the  engineer  to   the  used- 
car  problem                                                     520 
Renault    mechanical    four-wheel    brak- 
ing system                                                     57 
Repair    parts                                                         94 
Servo-brake   adjustment                                   58 
Shock-absorbers    needed    with    balloon 

tires 
Shock-absorbers    should    have    neutral 

zone 
Shock-absorbing    devices 
Shoeing  with   low-pressure   air  41, 

Side-sway 

Specifications       of       Packard       single- 
eight 
Spring-movement  and   vibration   stndv 

415.    521 
Stanton   machine  for   testing   parts  40 

Steering-arm    mounting  56 

Stopping  ability  315 

Summer    road-tests 

Testing  materials   for   parts  39 

Testing    of    materials     and    its    effect 

on   engineering  296 

Traction   and   braking  control  45 

Transportation  unit  61 

Types   of  brake   construction  56 

Vibration  tests  4  4S 

What    air-cushion    tires    do    for  4  3 

What    part    the    engineer    can    play    in 

reducing  repair    costs  525 

Winter    road-tests  5 

Winter  tests  show  lower  mileage   with 
heavy   fuels  87 

Automotive  Industry 

Developments  in  production  grind- 
ing 387,  431.  475 
Engineering  fields  385 
Increased  cooperation  needed  385 
Magnitude  of  494 
Observations  on  the  field  in  Europe  493 
Relation  of  manufacturer  to  motor 
transport  516 

Auto-suggestion,    value   of  368 


Rear   for    trucks 

Semi-floating 

Tilt  of  front 

Tilt    and    wheel   alignment 

Worm-drive 


151,  234 
153 
457 
457 

152.156 


Accessibility  and    repairs  93 

Adjustment   of  wheel  parts  59 

Air-cooled  engines  125 
Aircraft-engine     practice     as     applied 

to  air-cooled  engines  16 
Application    of  conveyor  equipment    to 

a  small  production  plant  357 

Balloon  tires  are  here   to   stay  425 

Body   nomenclature  437 

Builders'  responsibility  for  head-lamps  527 
Comparative    merits   of  steel    disc   and 

wood  wheels  207 

Conditions   of   manufacture  384 

Cooling   capacity    of   radiators  30 


Babbitt   the    ideal    lining  424 

Bachman,  B  B,  on  Cooperation  in  the 

Solution    of    Service    Problems  384 

Bachman,   B   B,   on    Service   from   the 

Engineer's    Viewpoint  60 

Ball  and  Roller  Bearings  Division,  S  A  E 

Activities  509 

Report    at    semi-annual    meeting  80 

Balloon  Tires 

Acceleration,    effect    on  462 

Analysis  of   opposition    to  462 

Application  463 

Distinct  type  462 

Fundamentals  considered  41 

Here   to   stay  425 

Interfere    with    wheel- housings  522 

No   tread  cuts  426 

Operation,  effect  on  44 
Public's      and      car-builders'      attitude 

toward  461 

Rebound   checks  464 

Safety  of  426 

Shock-absorbers  required  with  426 

Size   nomenclature  49 

Speed,  effect  on  44 

Sterling,   effect  on  .44 

Usage  464 

"Why.    improve  braking  523 

Banham,  W  J  L,  on  Coordination  of 
Motor-Truck  and  Railroad  Trans- 
portation 122 

Bank  funds,   German  420 

Bearings 

Babbitt  the  ideal  lining  424 

Precision    for    engine   crankshafts  424 

Thickness    and    resistance    of    oil-films 

in  high-speed  101 

Benzol  as   engine  fuel  379 


426  Benzol 

521         Performance 
446         Tests 

213  Bevel-gear  and    chain   drives 

4  6  Blow-outs 

257  Bodies 


Axle  and  Wheel  Division,  S  A  E 

Activities  344 

Personnel  408 

Report    at    semi-annual    meeting  79 

Unaccepted    recommendation  83 

A  xles 

Bevel-Gear  and   chain  drives  151 

Chain    drive  151,  166 

Construction  273 

Double-reduction     drive  153,  164 

Full-floating  155 

Internal-gear  drive  152,  160 

Rear  274 


Chassis   requirements   and 
From  ground  color  to  finish 
Handling  the  trimming  of 
Nomenclature 

Preparing   for    the    color  coats 
Repainting  and  refinishing  of  automo- 
bile 

Body  nomenclature 

Boswall.  R  O,  on  Thickness  and 
Resistance  of  Oil-Films  in  High- 
Speed   Bearings 

Bouton,  Eugene,  on  Wage-Incentive 
Systems  380.   432. 

Brakes  (W  S  James) 

Brakes 

Accurate   performance   tests 

Actuating    cylinders    of    four-wheel 

Advantages    of    hydraulic    system 

Analysis  of  various  four-wheel  de- 
signs 

Anchor  block  improves  external  power 

Control 

Decelerometer    for    testing    automobile 

Design  and  construction  of  mechan- 
ism 

Desirable    features    of   design 

Disadvantageous  features  of  four- 
wheel 

Equalization  56, 

Equalization   of  four-wheel 

External  versus  internal 

Facility   of  action 

Foreign    equalization    practice 

Four-wheel   as   a   present    necessity    55 

Four-wheel  design 

Functions 

Fundamental    requirements 

Future,  probably  hydraulic 

Hand,    and    lubrication 

Hydraulic  four-wheel,  for  automotive 
vehicles 

Hvdraulic   system   of   four-wheel 

Internal    and    external    contrasted 


379 

379 

151 

45 


185 
519 
363 
437 
518 

518 
437 


101 


480 
522 


522 
314 
316 

512 
512 
316 
499 

397 
396 

313 
271 

315 

313 

271 

56 

216 
314 
395 
268 
512 
59 

313 
313 
512 


535 


Mil 


December,  1928 


No.  6 


1111.  JOURNAl    OF  THE  SOCU   H    OF  AUTOMOTIVE  ENGINEERS 


- 

- 

i  adjustna 

l   construe- 


Types    of    drum     and     band     or     shoe 

- 

Wr. 

lis.   four-wl 
I 

scope-hardness    com- 

Bao«  ■:   or   Bet- 

ter BRAD-LAMPS     AM' 

It    it:.      A     JftTSlENT 

Bur-  Roads   hip! 

Buses    with    el.  -ion 

Business  forecasting  systems 


31ti 

31ii 
414 


2tS 

184 

33: 


grinding 

t.ution     from      head- 
tamps 

•ions 

Carbureter* 

Specifications 

ths 

i-trv 

1  •".  1 . 

ilERBERT,      ON       CRITICAL      S 
or  'MOTIVE-Vl 

STEERISO     SYSTEMS 

Chassis  and  bod  ments 

and    comi: 

1.  I 
•     relationship    of    automo- 
s   to 
ibokgs   a.   on   Application   or 
the  Diesel  Engine  tu   the   Yaoit- 

I-tELD 

■  mpire,    French 
n    of    STf 
•tlon-chamher    form 

r    proM 
,  utomoblles    (J    W 


454 


336 

14" 


140 
166 


443 


4.',n 
43C 


m    weights 

•rial  I      l.ro- 

■  \lorn 
An  .nt    lo   allow   pi 


1  28 

29 


H 


3«r, 

147 


■  mn 

Ehts 

,r  problem* 

mentu 

rail- 

W      J      i . 

Hi*'  inK 


142 


311 
60 

lie 


277 
16 

427 

517 
510 


.Motor  truck  Beet  operation  180 

g   motorbui 
il-camshaft    engine 
peratlng 
What    part    engineer    can    play    in    re- 
ducing  n 

Council  Meeting,  S  A  E 

June 

Oct<  4US 

■     .    II    M     .". 

DasioN  and  Construction  >,  421 

Crankease 

iwn  from  dilution  testa  n 

Dilution    t<si    results  12 

Dilution   tests  10 
Evils   of    dilution 

oil  dilution  go 

What    cm   engineer   ilo  to   help   public  530 

Crankshaft* 

-.gn 

machines 
Precision    bearings    for  4  2  4 

1    study    of    modern    automotive- 
vehicle     Bteering-systems     (Herbert 
Chi  - 
Cutting   tests   of   high-speed   steel 

Cylinder* 

Acceleration    force    for   one  486 

Brake-actuating  314 

veyor    for    carrying  358 

ation  132 

Valve-gear   and  2tj4 


Irieal  Equipment  Division,  S    I   E 


Itles 
Report  at  aetnl-annua.1   meeting 

■  I     repair     prob  ■  I  m  oun 

■  I   In  tin-  field   ( I'  .1   Durhs 
lyte*.    Imparities    in    storai 

Electrons,    configuration    of 
Elements   of  service  facilities 
Elliptical     forms,     oiler     methods     (or 
!:lng 
•  a  I   objects   In  a  V-block 
r    metals 

Enyiv<    /■"• 

for    miilll-ryllnder 

ehl 


86 

29S 


4*r. 
486 


Engine-  Division,  S  .1  E 

K.  port   ai    semi-annual   meeting 
Unaccepted    recommendation  s3 

Engineering    brains    In    1 1 « •  t    operation 

(  K    E    l.aScllllin  I  27t> 

Engineering 

•    in   motor   truck   liei  i   operation  88] 
Ij    related    to  cost    depai  tnu  m  4.'; 

Combined   business  »i'ilu\    ami 
Data   for  empirical 
Expanding      viewpoint  d      to 

pros  i-' . 

Factor]      stall     and     us     relation     to 

sen  Ice 
Fields    in   automotive    Industry 
Fundamentals   in 

Future   accomplishment  3« 

Necessity       toi       knowledge      in      Meet 

op.  ration  277 

Power    necessarj    for    progress  ..i 

Production  ami  jio 

a  ml 

Testing  of  materials  and  us 

Theorj    ami   practice 

Tunc  factors 

Two    kinds   of  37 

\\  01  king   conditions  .'-2 

Engineers      ami      production      managers 

1  Charles  s    Dahlqulst  1  310 

Engineers     lead     in     Array     Intelligence 

tests  B8 


pAHl.gllST,     CHARLES     S.     on      ENQINXKRS 

am'    Production    Managers  310 

Davison.    \v    w,    on    \Vii:k    WHEELS  201 

Deaths,   causes   of  accidental 

Deceleration   tests   of   aim biles 

•  rometer     for     testing     automobile 

brakes    (William  s  Jan  1  I'm 

Derivation      of      formula      for      turning 

moment     about     the    steerlng-plvol      488 

Detonation 

Causes  1  1 4 

Control  146 

of  compression  on,   and    control   144 
Hot-spots    as    control    factors  147 

lopment     of     commercial      airplane 
1  W    K   stout)  51 1 

Development   of   well   balanced   brain  307 

Developments  in  production  grinding  in 
the  automotive  industry  (O  A 
Knight)  387,  431,    17:, 

of     gasoline-air      mixtures, 

nation    of  170 

ond,    condition    of    the    s<  ! 
drop-hammer  411 

Dickinson.    In:    11    C,   on    WINTER   Tests 
Show  Lower  Mii.ka.ik  with   Heavy 
ki.s  s7.  166,  22C 

I  >ilutlon-ti  nire  1  I 

I'Mutlon   with   exhaust    g.  lis 

naional   conceptions  469 

determination    of    dew-points    of 
gasoline-air    miztui  17" 

Double-reduction    drive  I '.  1 

I 'rivers,    comments    of  80 

Dual-power    bus-equipment  1  s  :t 

an     !•".     on     Motor  Vi  hicxje 

WllKKl.-Al  .IUNMKNT 

Duralumin    and    its    applications    (B    w 

els)  427 

•  lor  132 

of   automobile    p  89 

K 
I  C       M       ON       Gl  I      1POSR 

■   Tractor  iso 

(Stl  I'llen 

M    I  3.  22fi 

167 

Effect  of  eompn  di  tonatlon  ami 

detonation  control    'ii    1.   Horning)     mi 
Effect  of  oxygen  upon  forging  properties   103 

foil        .    .  eonipeti- 

:::■! 
Division  ■  porl 

at  semi-annual  meeting 


Engini  era 

Coopera nake    Bat-rate    system 

successful 

Cooperation   with  other   departments 

Future    »i.  man. Is 

Influence   of  factory 

Lead   in  Army  intelligence  tests 

.Mum  i"  future  link  in  automotive 
Industry 

Production   managers  ami 

Providing  with  service  data  to  Im- 
prove   design 

Relation  "i     to  the  used-car  problem 

Service    from    vi.  n  1 it    of 

Vitaii>   concerned   in  used  car  problem 
What,  can  do  to  help  public 

What,    design    for 

What  i.ssoiis  of  value  has  Oat-rate 
system   developed 

What  pall,  can  pla\  in  reducing  re- 
pair  costs 

Engines 

Acceleration    force   for  one   cylin!.  1 
Acetone   in   composite   fuels 
Air-cooled   automotive 
aircraft    practice    as    applied    t.,     ,n 

cooled    paasengei   car    engines 
Analysis     of     shape     of     pressure-time 

curves 
Application  of  1  ilesel  to  yachting  Held 
Arrangement   of  accessories 

Auxiliar>    Diesel    eipiipni.nl 

Balance 

Balance  of   single  eight 

Benzol  a:-  fuel 

Combined  poppet  and  distributor- 
valve   lyp. 

I  lombusl  ton-chamber    form 

C paiison  of  cooling  system   weights 

Components  of   performance 

.  .inclusions  drawn  from  orankcase- 
dllution   tests 

umptlon    of    fuel    In    single-valve 

< 'noting     al.ililv 

I  'oollllg     (llllleult  Ii  : 

cornel]    University    test    of    optimum 

ni  .  ■ 

lion        of        optimum        spall,    ad 

vane,     and    exploslon-tlmi 
Cost  of  overhead  camshafl 

B    I     dilution      test      rei  nil 

1  'r;i  nkcase-dflul  ion   tests 
Crankshaft   d<  sign 
Detalli    of  ...nil  action 
Development    history   of    single  valvs 

1    1    proceduri 
1  Mini  Ion    with    exhaust    gases 

,  pa  1  ator 
Essential    performance   factors 
of  cronl  ca  •     dilution 
tsl  hi  ■■> i.d   va porlzer 
Foundry  product  Ion   pi  actio 
Fuellzer  operation 
Gas  distribution 

eral    case    of    bala nee    for    mull i- 
cyllndi  1 
ii.a     1..'  control 

I.;, lea:.    0 

>tlon 
old  design  of  single-valve 
Mechanical  of    glngle-valvi 

Hon    of   single-valve 
Packard  slngli   eight 

rol    mi      " ism 
rli  :■■     toi    cranksb 
Ii    [allatloni    In 


a  30 

311 

:•  I 
si. 

i  I  6 

7.2  7 

10 

60 

52] 

;,:;u 
2  us 

528 


186 

2:1 

11; 

11;. 
1.,. 1 
166 
1:,  1 

186 

12:: 
306 
128 

1  1 
B06 

117 

ll'.l 

111! 

I, -HI 

12 

10 

.:..  i 

11s 
132 

12s 

2^3 

186 

1  17 
6 

307 
304 

451 


Vol.  XIII 


December,  1923 


No.  fi 


INDEX  TO  VOLUME  XIII 


537 


Radiator   capacity   and   horsepower  30 

Reasons   for   single-eight  257 

Reliability   of   Diesel  451 

Rocking  couples  487 

Rotary-disc  valve  422 

Rotary-tube  valve  422 

Rotary    valves  for  internal-combustion   422 
Separate-valve    difficulties  306 

Single-valve      internal-combustion     de- 
sign  and    operation  301 
Spark-advance    in    internal-combustion 

73.  111.  226 
Supplementary  spark-advance  tests  on 

a  Continental  120 

Tendencies    in    high-speed    marine    de- 
sign 168 
Total    unbalanced    forces  !  ^  , 
Valve   adjustment   and   gearing                308 
Vibration                                                           4  17 
Equalization    of  brakes  56 
Errors  of  the  V-block  method                         371 
Evaluation    of   the   turbulence    factor           173 
Evils    of   crankcase   dilution    (E    F    Hal- 
lock)                                                                    525 
Evils    of    head-lamp    dimming    and     in- 
structions on  regulation    (R  E  Carl- 
son)                                                                    526 
Evolution   of  industry,   science   in  the          200 
Exhaust-heated    vaporizer                                  130 
Explosion   time  of  fuel  mixtures                   113 
Exports  and   imports                                            295 
Exports    and    imports,    our    "invisible"       392 


Factor  of  safety  299 

Factors  governing  "out-of-roundness" 
measurement    (A    H   Frauenthal) 

370,  435.    484 

Factory  engineering-staff  and  its  rela- 
tion  to   service    (J  W  Lord)  93 

Falge,  R  N.  on  Importance  of  Betteii 
Automobile  Head-  La  m  p  s  and 
Proper  Adjustment  25.  221, 

Farmer 

Farmer,  one-crop 

Favart,  E,  on  Rear  Axles  for 
Trucks  151. 

Federal    aid   road    construction 

Field   of  motor    trucks 

Financial    situation.     France's 

Finishing  piston-ring  grooves 

Fire    hazards   of   automobiles 

Fisher,  J  B,  on  100  Ton-Miles  Per 
Gallon 


520 
408 

47  J 

234 

29 
124 
440 
407 
24  7 

139 


Functionalized        time  -  study        methods 

(Percy    S    Brown)  433 

Fundamentals  in  engineering    ( C  F  Ket- 
tering) 427 


Galloping    and    front-wheel    toe-in  46 

Gas   distribution   in  engines  2«3 

Gasoline 

Direct  determination   of   dew-points  of 

air  mixtures  170 

Electric   power   versus  324 

Gear-grinding   and    tooth-forms  248 

Gear-testing   machine  405 

Gears 

Burnished    and    polished  5  1  5 

Burnished   method  516 

Fundamental    analysis    of   noise  .">  1 1 

Grinding   favored  515 

Hobbed   and    oil-treated,    more    accur- 
ate 514 
Metallurgical    considerations  in   grind- 
ing                                                                      515 
Methods  of  attacking  the  noise  prob- 
lem 5 1 1 
Noise                                                                       514 
Rigid   cutter   inspection                                  515 
Spur,  grinding  and  testing            401,  430,  473 
Testing  machine                                                405 
Upset     blanks     give      uniform     tooth- 
strength                                                             515 
Wearing  qualities                                           267 
General-purpose     farm     tractor      (C     M 

Eason)  19  6 

German  bank  funds  4  20 

Grant,    R    H.    address  4  3li 

Gravity  conveyor  for  transmission  cases    36(1 
Grimes.    C    P.    on    Air-Cooled    Automo- 
tive  Engines  125 

Grinding 

Cam  38  S 

Developments     in     production,     in     the 

automotive  industry  387,  431,  4  7,. 

Gear,   favored  515 

Metallurgical    considerations    in    gear     515 

Grinding  Machines 


Highways  and  Roads 

Bureau  of  Public  Roads  tests  248 
Character  and  use  of  materials  496 
Coefficient  of  friction  for  wet  con- 
crete higher  than  dry  522 
Construction  costs  510 
Construction  methods  in  England  493 
Economic  theory  of  improvement  495 
Engineers  discuss  program  of  tests  66 
Federal  aid  construction  29 
Finance  496 
Land  grant  colleges  cooperate  in  re- 
search 496 
Macadam  surfacing  493 
Maintenance  510 
Mechanics  of  stiff  slabs  496 
Motion  and  forces  between   wheel  and 

171.  248 

Objectives  of  research  196 

Observations    on    the    field    in    Europe  493 
Publication  of  results  of  tests  will   be 

handled    cooperatively  66 

Relation    of  vehicle    to  65 
Relationship  of  automotive  vehicles  to 

pavements  426 
Research  an  important  factor  in  im- 
provement 495 
Research  in  Xorth  Carolina  496 
Rubber  for  quiet  zones  493 
Structural  design  496 
To  increase  safety  of  traffic  206 
Traffic  analysis  496 
Transportation  brains  138 
Upkeep  at  trifling  cost  493 
Highways    Committee.    S    A    E,    meeting 

at    semi-annual   meeting  65 
Horning,  H  L.   on  Effect  of  Compres- 
sion     on      Detonation      and      De- 
tonation   Control  144 
Hot-spots    as    control    factors  147 
How    engineer    can    cooperate    to    make 
flat-rate     more     successful      (J     W 
Lord)  530 
Human    element     in    production     (W     F 

Jameson)                                       366.   432.  47S 
Hunt,     J     H,     on     Science     and     En- 
gineering 51 
Hydraulic    four-wheel    brakes    for    auto- 
motive    vehicles      (Malcolm     Loug- 
head)  313 


530 

52S 


333 


103 
128 


Flat-Rate  System 

How  engineer  can  cooperate   to  make 

more  successful 
What    lessons    of    value    to    engineer 
has.  developed 

Forces  and  motion  between  wheel  and 
road  171. 

Ford,  F  H.  on  Illumination  Diagrams 
for  Showing  Head-Lighting  De- 
vice   Performance 

Forging  properties,  effect  of  oxygen 
upon 

Foundry  production  practice 

Four-wheel  brake  session  at  semi-an- 
nual meeting  70 

Four-wheel    braking    systems  55 

Frames  Division,  S  A  E 

Activities  503 

Report    at    semi-annual    meeting  82 

France's    financial    situation  440 

Frauenthal.    A    H.    on    Factors    Gov- 
erning   "Out-of-Roundness"   Meas- 
urement 370.  435.   484 
Freight,    unparalleled    volume    of    traffic    416 
French  colonial  empire  62 
Frost.     Thomas     H.     on     Photoelastic 
Method    Applied    to    Rigid-Airship 
Research                                                      497 

Fuel  Consumption 

In  yacht  engines  451 

Single-valve  engine  306 

Tests   and   results  6 

Fuel   session   at    semi-annual  meeting          73 

Fuelizer   operation  261 

Fuels 

Acetone    in    composite    engine  23 

Air-temperature    and    viscosity    effects  9 

Automobile  test  87 

Benzol    as   engine  379 

Comments  of  drivers  90 

Consumption    tests    and    results  R 

Economic    volatility    of    motor                3,  226 
Effect    of    compression    on    detonation 

and   detonation  control  144 
Explosion-time  113 
How   tested  379 
Performance    of    benzol  3  79 
Summer    road-tests  4 
Winter   road-tests  5 
Winter     tests     show     lower     mileage 
with    heavy                                      87,  166.  22f, 
Full-floating  axles  155 
Functional    svstem    of    factorv    manage- 
ment 434 


Crankshaft 

Description   of   spur  gear 

Indexing 

Special    attachments 

Special   machines 

Use  of   wide-face   wheel 


392 
402 
405 
389 
391 

2  VI 


Utilization   of  the  generating  principle  404 
Griswold.   W    R.    on    Packard    Single- 
Eight  257,  485 

Group  Piece-Work 

Adding   new   men  382 

Combination    of   systems  381 

Material    supply   and   costs  3S3 

Number    of    men    required  381 

Records  382 

Size   of  group  3S3 

Unit-cost  382 

Gruse,  W  A.  on  Direct  Determination 
of  Dew-Points  of  Gasoline-Air 
Mixtures  170 

Guillelmon,  Marcel,  on  Renault  Me- 
chanical Four-Wheel  Braking 
Ststem  57. 


H 

Hale.  J  E.  on  Public's  and  Car-Build- 
ers' Attitude  Toward  Balloon- 
Tires 

Hale,  J  E.  on  Shoeing  a  Car  with 
Low-Pressure  Am  41. 

Handling    the    trimming    of    bodies 

Harrison.  H  P.  ox  Application  of 
Conveyor  Equipment  to  a  Small 
Production  Plant  357.   432. 

Head-lamp  glare  session  at  semi-annual 
meeting 

Head-Lamps 

Areas    of   equal    illumination 
Automobile   regulation 
Candlepower    distribution 
Car-builders'   responsibility 
Constructional       features       demanding 

attention 
Educational    campaign 
Evils  of  dimming  and    instructions  on 

regulation 
Illumination      diagrams     for     showing 

performance 
Importance   of   better    automobile,   and- 

proper  adjustment 
Lens    design    that    eliminates    focusing 
Trend  of  legislation 
LTnderlying    principles    of    good 

Helium    in    airships 

Heron.  S  D.  on  Aircraft-Engine  Prac- 
tice as  Applied  to  Air-Cooled  Pas- 
senger-Car   Engines 

Highway-transportation    brains 


216 


461 


Illumination      charts      show      head-lamp 

performance  333 

Illumination  diagrams  for  showing 
head-lighting  device  performance 
(F  H  Ford)  333 

Importance  of  better  automobile  head- 
lamps and  proper  adjustment  (R  N 
Falge  and  W  C  Brown)  25,  221,  520 

Importance    of   right   thinking  366 

Imports 

Exports  and  295 
Our  "invisible"  exports  and  392 
Impurities  in  storage-battery  electro- 
lytes 36 
Indicator-reading  correction  372 
Inertia  the  great  obstacle  368 
Influence  of  scale  on  metals  410 
Information  service  284 
Internal-gear  drives  152.  160 
Ionization   and   mass    measurements  468 

Iron  and  Steel  Division,  S  A  E 

Activities  104.  105.  344.  508 

Personnel  65,  408,  509 

Report    at    semi-annual  meeting  S2 

Irrigation   development  472 


213 
363 


479 
69 


337 

249 

336 


29 

527 

526 
333 

28 

526 


16 
138 


James.    William    S,    on    Decelerometer 

for  Testing  Automobile  Brakes        499 

Jameson.    W    F.    on    Human     Element 

in  Production  366.  432.   178 

K 

Kennedy,  William  P.  on  Trolley 
Buses  and  Flexible  Vehicles  for 
Street    Railway-    Service  179.  322 

Knight.  O  A.  on  Developments  in 
Production  Grinding  in  the  Au- 
tomotive Industry  3S7.  431.  47." 

Knuckle-axis,    moment   about  270 


Laboratory    tests  6 

Larson.    J     Lyman,    on    Tractor     and 
Plow   Usage  in   the   First   Break- 
ing of   Peat  Land  285 
LaSchum,  E  E.  on  Engineering  Brains 

in    Fleet   Operation  276 

Lee,   Stephen  M,  on   Economic   Motor- 
Fuel   Volatility  3.  226 
Lemon.  H  B.   on   Nature   of  Matter       466 
Lens   design   that   eliminates  focusing  28 


XIII 


December,  1928 


No.   (5 


» 


THE  J0URXA1   ol"  Till    SOCIETi    OF    AUTOMOTIVE  ENGINEERS 


5  A  E 

- 


UEST 
.       - 

4(5. 
»C1TT 

. 
IXm.  1NEKKIN0- 

S      TO     SES- 

I  v*       A  CTO- 

Low- pressure    cord    t.ri    problems     (J    F 

Low-prec-  to     auto- 

roc! 

-     v   E  personnel 
one 


M  .  i.ultiple-spindle 

other 

ntl 
design     of.     in     single-valve 


521 

30 

493 


93 

313 
429 

47 
130 


Trucks 

QCjr     rails 

1  ■"■  1 . 

and     bus 
atlon 
rdlnatlon    ol     railroad    ami    truns- 
portaUon 

ribution    of    maintenance   costs 
Double-reduetion    drive  17.3. 

Dual    power   equipment 

ring    bran  -  operation 

Field  of 

Fl-  >ts 

Full-rloa: 
Future 

Internal-^.  1  51, 

Maintenance  difflcul 

for    engineering    knowledge 
Radiator    design 
Rear   axles  for 

ng    axles 

151, 
-vehicle    wheel-alignment    (John    F 
by) 


166 

^ .... 
164 

114 

281 
160 
281 

■:-.-. 

393 

ir.i 

153 


Porta  cimi  Fittmga  Division,  S    l   B 

12,  lit,  501,  504, 
Report   at   Mini-annual  meeting 
Passenger  ur    Bod)     Division,    S    A.    K. 

a.  in  343,  14  I,  117. 

on,  S   A    K.  J.ln  Hi.  s 

Pavements,  relationship  of  automotive 
vehicles  to 

Peat  land,  tractor  and  plow  usage  in 
tin-    tirst    breaking   of 

ivtrolcum   industry 

Phol  etnod  applied  to  rigid-air- 

ship research   (The. mas  H  F> 

Photoelectric  effect 

Piston-ring  finishing 

Pistons,    aluminum-alloy 


SOS 
41S 

426 

394 

497 

■If.  7 

38 


288 


Mass 


Mean 


of    agr 
T     or 


436 

3»7 
4  1" 


101 


jverning 


'"out' 
recording     devices     of 

■.t  ■ 

■ 
■ 


371 


Am»rican     Kb  ctric    Railway 

an- 

An-  E,   annour 

June 
ber 

•Delation 

•     -  ■ 

.  al    report 


516 
63 

523 


forms. 
••■ess  Of 


I      OF 

n    and    forces  -vheel    and 

road  1"1 

•      -    A    : 

medium 

■'-* 

:.art* 

■ 


41" 
4  26 

417 


Motor   Vehicles 

Bevel-pear    and    chain    drl  17.1 
Body    and    ehassis    requirements  185 
leal     studv     of     modern     steering- 
systems  205 
Dual-power    bus    equipment  183 
must    be   future  link  516 
Equipment   and   methods  of  tests  141 
study      transportation 
costs  517 
inent    requirements  181 
Former  relation  of  maker  to  user  dis- 

516 
raulic    four-wheel    brakes    for  313 
Independent  buses  with  electric  trans- 
mission 184 
M  in                      n   engineering  problem  ".17 
hundred  ton-miles  per  gallon  1 3i< 
automotive  manufacturer  to  516 
Relation    to    road  67, 
.  tionship    to    city    planning,    traffic 
control    and    pavem.  4  26 
Stora:  31.'". 
Transportation    is    the    commodity    sold    38 
Trolley    buses    for    street-railway    str- 
and                                                  179.322 
on    the   locomotive  40 
Wheel  alignment  453 
Multiple-spindle     machine     tools      (17     P 

Blanchard)  430 

N 

\eronautic    Association     meet- 
ing 399 
Nature  "f  man.  r    ill    P.   Umnn)  466 
t     analysis     (Oscar 
\V      -  197 
No    tn                       n    balloon    tires  426 


Plowing 

Depth 
Details 

rious 

lower  required  291 

Open    mai>li 

Total  power  consumed  2'.n 

Tractor   usage  in  the   lirst   breaking  ..i 
peat    land 
l'lumbness  of  scleroscope  409- 

Power 


n 


- 

:-land 
<nta 


ir, 


Nomenclature 

437 
size  <9 

//;/-.'../>.  S  A  E 

mi-annual     meeting 
commendation  84 

••  tals    Division.    S     A     E, 
vitles  -tiv 

Non-member    affiliation    with    Sections         408 


to    flat-rat 

nd  high- 

493 
Offl'  •  'ed    for    19 

ps,   motor-transporl 

15 

Oil,    ■  '"' 

472 
I     I! 

Origl  "» 

CrrT      A     T 

Ott.   I 

473 

Our    "Irrvtafl  p|    Imports  191 


Dual    equipment    for    railway    tractor  325 
line   versus   electric 

54 
Required    for    plows   and   tractors 

Total    consumed    by    plows  291 

Price  of  agricultural  products  460 

Price   of  wheat  498 

Principles   of   the   servo-brake  58 

Production  and    use  of  silver  275 

efton 

Engineering  and  310 
Human   element  in                        366,432,478 

importance    of   right    thinking  366 

Inertia  the  gnat  obstacle  368 

Managers   and   engineering  310 

Methods   constantly   improving  494 
Of  silver 

Value   of  auto-suggestion  368 

/',  oduction  Mi  i  Hnff,  S  A  E 

Dinner  J  17.  436 

Factories  visited   In  Cleveland  436 

Program   announced  347 

Repoit  4  29 

Prolongation  tests  of  automobile  parts  39 
Properties  of  materials  297 

ling  the  engineer  with  service  data 

to  improve  design  (O  T  Krcusser)  527 
Public's    ami    the    car-builders'    attitude 

toward  balloon  tires  (J  B  Els  461 

Public  -  service  -  transportation       pei  ma- 

nency  187 

R 

/.''n/''(i(or8 

Capacity   and    engine    horsepower  30 

Cooling    capacity    of    automobile  30 

Motor-truck  191 

Seven    requirements    for   motor-truck      393 
Sizes  In  pra< '  31 

Railroad,     coordination     of     motor-truck 

and.  transportation  122 

Railroad  fares  to  annual  n  duced  -»3l 

axles    lor    trucks    (E    Favary)     1 7. 1. 

464 
>  'Ih  of  spring  movement  In  thi   action 
..f  cars    (T  .1   Litle,  Jr)  511 

Relation  of  automotive  manufacturer  to 

or  transport    (David    Beecroft)        516 
..n   of  automotive   vehicles   to   city 
planning  ontrol    and    pave- 

ts    n:    E  Stoeltlng)  42« 

on  of  the  • 

,    (David   Beecroft) 

l:,    R     i'.  1      IN 

iNB-Fntxa  •  23 

■  I     Linking 
tem     (Marcel    <:ulllelmon)  7.7.  211 

-  and  reflnlshlng  of 

boi  ..    1  518 


-ess 

remenl      370.  484 

Oxygen,    effect    of.    upon     forging    prop- 

ertles  101 


rts 

Production   m.  1 

•nl-annual    meeting  II 

dards    Committee    at    semi-annual 
meeting  79 


Packard    slngb  I    as- 

••  old  1  27,7.  487, 

Painting  the  hood,  fender  and  wheels         519 


Research 
Application  'if 

way,    In    North   Carolina  §99 

Important   faetor   In  highway  Improve- 

49a 
Land  grant   college*  cooperate  In  high- 
way <9B 


Vol.  XIII 


December,  1923 


No.  6 


INDEX  TO  VOLUME  XIII 


539 


Objectives  of  highway  496 

On  tires  495 

Photoelastic    method    applied    to     rigid- 
airship  497 

Research   Department,   S   A  E,   informa- 
tion service  284    Service 

Resiliency    and    fatigue    in    wheels  210 

Resistance     of     oil-films     in     high-speed 

bearings,    thickness    and  101 

Resistance,   analysis    for   mixed  270 


Report  63 

Sports  68 

Standards    Committee  meeting                     65 

Semi-floating  axles  153 


Roads  and  Highways 

Bureau   of  Public   Roads   tests 

Character  and  use  of  materials 

Coefficient    of    friction    for    wet    con- 
crete higher  than  dry 

Construction  costs 

Construction  methods  in  England 

Economic  theory  of   improvement 

Federal   aid   construction 

Finance 

Land    grant    colleges    cooperate    in    re- 
search 

Macadam  surfacing 

Maintenance 

Mechanics  of  stiff  slabs 

Motion   and  forces  between  wheel  and 

171, 

Objectives  of  research 

Observations  on  the  field  in  Europe 

Publication  of  results  of  tests  will  be 
handled   cooperatively 

Relation   of   vehicle   to 

Relationship  of  automotive  vehicles  to 
pavements 

Research    an   important   factor   in    im- 
provement 

Research   in  North  Carolina 

Rubber  for  quiet  zones 

S    A   E    engineers   discuss   program    of 
tests 

Structural   design 

To  increase  safety  of  traffic 

Traffic  analysis 

Transportation    brains 

Upkeep   at   trifling   cost 
Rolling-resistance,   wheel    forces   and 
Rotary  disc  valve  engine   (O  D  Heaven- 
rich) 
Rotary    valves    for    internal-combustion 

engines    (Eugene    Bournonville) 
Rutherford  idea 


S  A  E 

Council  meeting : 
June 
October 
Engineers    discuss    program    of    high- 
way tests 
1924    annual    meeting    announced 
Officers  nominated   for    1924 
Production    meeting   announced 
Report    of   production   meeting 
St.   Louis  Air   Meeting 

Science 

In   the  evolution   of  industry 

Predictions 
Science  and  engineering  (J  H  Hunt) 
Scientific  working   conditions 


248 
496 

522 
510 
493 
495 
29 
496 

496 
493 
510 
496 

248 
496 
493 

66 
65 

426 

495 
496 
493 

66 
496 
206 
496 
13-8 
493 
269 


Causes  of   trouble   not   properly    diag- 
nosed 

Cooperation    in   the    solution    of   prob- 
lems 

Designers      must      recognize      require- 
ments 

Electrical   problems   as   encountered    in 
the  field 

Elements  of,  facilities 

Engineer's   viewpoint   of 

Establishment    of    associations 

Factory   engineering-staff    and    its   re- 
lation to 

London   General   Omnibus  plant 

Manager 

Objections  to  flat-rate  charges 

Platform       of      National       Automobile 
Chamber  of  Commerce  division 

Providing  the  engineer  with  data  to  im- 
prove design 

Sales  competition  will  raise  standards 

Selling 

What  lessons  of  value  to  engineer  has 
fiat-rate    system    developed 

What  part  engineer  can  play  in  reduc- 
ing repair  costs 
Service  division   of  National   Automobile 

Chamber  of   Commerce  platform 
Service     from    the    engineer's    viewpoint 

(B   B   Bachman) 
Service  meeting,  S  A  E,  Dayton 

Servo-Brakes 

Adjustment  58 

Description  58 

Principles  of  58 

Shanlet,     James     J.  on     Automobile 

Head-Lamp    Regulation  249 

Shoeing    a    car    with  low-pressure    air 

(J  E   Hale)  41,  213 


524 

384 

523 

529 

384 

60 

524 

93 

493 
38 
61 

527 
524 

528 

528 
525 

524 

60 
523 


422  Shock-Absorbers 


422 

469 


65 
408 

66 
177 

63 
347 
429 
399 


200 
54 
51 
51 


Scleroscope 


Brinell  hardness  compared  with  414 

Condition   of   the  hammer  diamond  411 

Curved  surface,   effect  of  413 

Extreme    under-weight   samples  412 

Hardness  effect  of,  on  mass  413 

How    test-specimens    are    held  414 

Inert  and    over-weight   masses  412 

Lateral   vibrations,   effect   of  410 

Mass  of  the  test-specimen,  effect  of  411 

Plumbness  of  409 

Standardization    of  methods   of   apply- 

jng  409.  483 

Surface    smoothness    of    the   test-speci- 
men 410 
Testing    near    specimen    edges  413 
Thickness  of  the  test-specimen  413 

Screiv  Threads  Division,  S  A  E 

Activities  104,  418 

Personnel  40S 

Sections,  S  A  E 

Formation    of   Milwaukee   begun 
Luncheon    at    semi-annual    meeting 
Non-member   affiliation 

Sections  Committee.   S  A  E,  luncheon  at 
semi-annual    meeting 

Selling  service   (W  L  Wise) 

Semi-Annual  Meeting,  S  A  E 

Air-cushion   tire    session 
Business  session 
Four-wheel   brake   session 
Fuel   session 
Head-lamp  glare  session 


426 

68 

408 

68 

52S 


66 
64 

70 
73 


An  essential   addition  426 

Should   have  neutral  zone  521 

Shock-absorbing   devices  446 

Shore,    A    F,    on    Standardization    of 
Methods  of  Applying  the   Sclero- 
scope 409.  435,  483 
Side-sway   of   automobiles  46 
Silver,    production  and  use  of                         275 
Simplification                                                           386 
Single-valve       internal-combustion       en- 
gine design  and  operation  (RAbell)    301 
Six-wheel  motorbuses                                           331 
Sjogren.  Oscar  W,   on  Nebraska  Trac- 

tor-Test  Analysis  197 

Smoothness    of    test-specimen    in    sclero- 
scope 410 
Social   interests,  unity  of                                   438 
Some    notes    on    brake    design    and    con- 
struction   (H    M    Crane)                   395,421 
Spark-advance      in      internal-combustion 

engines    (G   B  Upton)  111,226 

Spark-Advance 

Cornell  University  tests  119 
Correlation  of  optimum,  and  explo- 
sion-time 116 
Evaluation  of  turbulence  factor  173 
In  internal-combustion  engines  73,  111 
Supplementary  tests  120 
Special    machines,    standard  versus             434 

Specifica  tions 

Carbureter  140 

Packard    single-eight  257 

Spokes 

Breakage  202 

Design  202 

Triple  system  of  203 

Spring-movement  and  vibration   study  of 

cars  in  action   (T  J  Dftle,  Jr)  445 

Springs 

Measuring  and  recording  devices  445 

Study  of  446.  521 

Spur-gear     grinding    and    testing     (A    J 

and  C  L  Ott)  401.  430,473 

Standard   versus   special   machines    (R  E 

Flanders)  434 

Standardization 

Activities    in  motorbus  37S 

Interchangeable  motorbus   parts  494 

Methods   of   applying   the   scleroscope      4  09 
Saving   in    dollars   and   cents  59 

Standardization   of  methods  of   applying 

the  scleroscope  (A  F  Shore)     409,  435,  4S3 


Standardization    saving    in    dollars    and 

cents  59 

Standards    adopted    by    letter    ballot  246 

Standai-ds  Committee,  S  A  E 

Attendance    at    semi-annual    meeting  85 
Mi  eting  at  annual  meeting                      .  531 
Meeting  at  semi-annual  meeting  65 
Report    at    semi-annual    meeting  79 
Staten    Island    trackless    trolley  326 
.Stationary-Engine   Division,    S    A    E,    re- 
port at  semi-annual  meeting  83 
Stanton  machine  40 
Steam  cooling-system  142 

Steels 

Cutting  tests  of  high-speed  59 

For  disc  wheels  211 

Steering 

Center-point  489 
Comfortable  272 
Critical   study   of  modern   automotive- 
vehicle   systems  205 
Derivation     of     formula     for     turning 

moment  about  the  pivot  488 

Fundamental    requirements  268 

Steering    ability    and    reinforcement  57 

Steering-arm   mounting  56 

Steering-gear   efficiency  273 
Stoney,     Dr     Gerald,     on     Thickness 
and    Resistance    of    Oil-Films    in 

High    Speed    Bearings  101 
Storage  -  Battery      Division,       S      A      E, 

activities  104 
Storage-battery  vehicle  325 
Storage-batteries,    impurities    in    electro- 
lytes 36 

Street  Railway 

Automotive  cooperation   with  180 

Body    and    chassis    requirements  1S5 

Changing  conditions  179 

Differences  of  engineering  practice  180 

Dual-power   bus-equipment  183 

Flexible-equipment    requirements  187 
Independent       buses       with       electric 

transmission  184 
Influences      tending      toward      flexible 

equipment  179 

National    practices  182 

Profit-earning  vehicle  needed  3  25 

Prospective   business  187 

Transportation   permanency  187 

Trolley    bus    as    one    solution  181 
Trolley     buses     and     flexible     vehicles 

179.  322 


Street-railway  service,   trolley  buses  and 

flexible  vehicles  for  179 

Summer  road-tests  4 


Tendencies  in  high-speed  marine- 
engine  design    (J  G   Vincent) 

Terminal    transportation 

Terminal    transportation    in    Canada 

Testing  materials  for  automotive  parts 
(R  J  Allen) 

Testing  of  materials  and  its  effect  on 
engineering    (G   B    Upton) 

Tests 

Automobile 

Benzol    as   engine   fuel 

Brinell  and  scleroscope-hardness  com- 
parisons 

Bureau  of  Public  Roads  highway 

Companies    making    automobile 

Crankcase-dilution 

Crankcase-dilution,  conclusions  drawn 
from 

Crankcase-dilution.    results    of 

Curved  surfaces,  effect  of.  in  scelero- 
scope 

Cutting,    of    high-speed    steel 

Deceleration,  of  automobiles 

Decelerometer   for   automobile   brakes 

Dilution,    procedure 

Dynamic,    of    automobile    parts 

Engineers  lead    in    Army    intelligence 

Equipment  and  methods  for  motor 
vehicle 

Extreme  under-weight  samples  in 
scleroscope 

Fuel-consumption,    and    results 

Hardness,  effect  of,  on  mass  in  scelero- 
scope 

High-speed    steel    cutting 

How  specimens  are  held  in  sclero- 
scope 

Inert  and  over-weight  masses  in 
scleroscope 

Influence  of  scale  on  metals  in 
scleroscope   readings 

Instruments  for  toe-in 

Laboratory,    of    fuel 

Machine   for    gear 
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The  one  criterion  of  success  is  a  record 
of  satisfactory  service — whether  in  the 
car  or  truck  as  a  whole,  or  in  one  of  its 
parts. 

One  failure  may  wipe  out  a  record  for 
reliability  and  dependableness  that  has 
been  years  in  the  making. 

Year  after  year,  'HQRmfl'  equipped  mag- 
netos and  lighting  generators  hold  their 
recognized  leadership  —  solely  because 
of  their  consistently  superior  perform- 
ance. 

Service  records  prove  that  magnetos 
and  lighting  generators  with  "NQRmfl" 
Precision  Bearings,  run  more  quietly, 
last  longer. 

A  bool.ht  u  ill  he  wnt  on 
ri-'/ui-\t.  Ami  our  engineers 
u  ill  uilromi'  an  opportun- 
ity  to   uork   vcith    yours. 

THE  NVRMfl  CVM.P/1NY 

flnable  Avenue 
Long  Island  City  New  York 

BALL,    ROLLER    AND  THRUST   BEARINGS 


Personal  Notes 

of  the 

Members 


Items  regarding  changes  In  business  connections, 
promotions,  etc..  are  desired  from  the  membership  tor 
n  in  these  columns.  This  will  enable  members 
to  keep  their  friends  Informed  of  their  whereabouts  and 
will  also  assist  in  keeping  the  records  of  the  Society 
up  to  date. 


Paul  C.  Ackerman  has  accepted  a  position  as  draftsman 
of  the  Doble  Steam  Motors  Corporation,  San  Francisco. 
Previous  to  this  connection  he  attended  the  Michigan  State 
Auto   School,    Detroit. 

George  B.  Allen,  who  until  recently  was  chief  engineer  for 
the  Liberty  Motor  Car  Co.,  Detroit,  is  now  connected  with 
the  engineering  department  of  Dodge  Bros.,  also  of  Detroit. 

John  II.  Allen  has  been  made  general  manager  of  the 
Eisemann  Magneto  Corporation,  Brooklyn,  N.  Y.,  succeed- 
ing Charles  Ethan  Davis,  resigned.  Mr.  Allen  has  been 
associated  with  the  Eisemann  organization  for  several  years 
in  the  capacity  of  works  manager  and  assistant  general 
manager. 

J.  S.  Anderson,  who  was  formerly  chief  engineer  for  the 
Phelps  Light  &  Power  Co.,  Rock  Island,  111.,  has  become 
affiliated  with  the  Checker  Cab  Mfg.  Corporation,  Kalama- 
zoo, Mich. 

\.  Caryl  Bigelow  is  no  longer  president  and  general  man- 
ager of  the  United  Motor  Car  Co.,  Trenton,  N.  J.,  but  has 
been  made  vice-president  and  general  manager  of  the  Wills 
Sainte  Claire  Co.  of  New  York,  New  York  City. 

George  C.  Brainard  has  become  affiliated  with  the  General 
Fireproofing  Co.,  Youngstown,  Ohio.  Previous  to  this  he  was 
vice-president  of  the  Hydraulic  Steel  Co.,  Cleveland. 

W.  J.  Bryan  resigned  recently  from  the  Budd  Wheel  Co., 
Philadelphia,  where  he  was  sales  manager  for  the  last  4 
years,  to  become  associated  in  a  similar  capacity  with  the 
Detroit  office  of  the  Heintz  Mfg.  Co.,  also  of  Philadelphia. 

Walter  P.  Burn  has  been  appointed  Pacific  coast  manager 
for  the  Outdoor  Advertising  Agency  of  America,  New  York 
City.  His  previous  business  connection  was  with  the  Trans- 
continental  Oil  Co.,  Pittsburgh,  as  sales  promotion  and  ad- 

irig  manager. 

Henri  G.  Chatain,  who  was  formerly  engineer  in  connection 
with   gas-electric  motor  cars   for  the  General   Electric  Co., 
Pa.,  is  now  affiliated  with  the  engineering  department 
of  the  Hammermill  Paper  Co.,  also  of  Erie. 

Reginald  Clark  recently  became  associated  with  the  Spicer 
Mfg.  Co.,  Plainfield,  N.  J.  He  was  prior  to  that  time  factory 
manager  for  the  Western  Drop  Forge  Co.,  Marion,  Ind. 

Harry  L.  Coffey  has  accepted  a  position  with  the  American 
Motor*  Corporation,  Plainfield,  N.  J. 

II.  C.  Colburn  has  become  qhief  engineer  of  the  Colburn 
Radio  Laboratories,  San  Leandro,  Cal.  He  wan  formerly 
radio  engineer  for  the  Magnavox  Co.,  Oakland,  Cal. 

(Continued  on  p.  4) 
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DIXON'S 

677 


It  has  been  ascertained  by  tests  that 
Dixon's  Gear  Lubricant  No.  677 
gives  as  good  sen  ice  at  freezing 
temperatures  (winter  conditions) 
as  at  higher  temperatures  (summer 
conditions). 

When  it  is  taken  into  considera- 
tion that  an  automotive  transmis- 
sion and  differential  has  to  meet 
this  wide  temperature  difference, 
and  especially  when  lubricated 
with  the  average  gear  oil  that  con- 
geals at  low  temperatures,  making 
gear  shifting  extremely  difficult, 
the  actual  power  losses  are  easily 
apparent.  Dixon's  677  prevents  such 
losses. 

Write  for  Booklet  95-G 


JOSEPH  DIXON  CRUCIBLE  COMPANY 

Jersey  City,  A.  J.  £<x><n  Established  1827 

MAKERS  OF  QUALITY  LUBRICANTS 


Dixon's  677  may  be  ob- 
tained in  steel  drums  with 
pump,  providing  a  quick, 
clean  means  of  lubricating 
gear-boxes.  A  necessity  in 
every  garage  and  service 
station.  Write  for  quota- 
tion. 
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DOEHLER 

ThBUfcrVd^s  Lan*e«  Producer  of 

DIE- CASTINGS 


The  finish  to  be  given  die-cast 
parts  in  various  metal  alloys — 
plating,  enamel,  etc. — sometimes 
involves  problems  new  to  the 
die-casting  user. 

Daily  contact  with  every  phase 
of  industry  using  die-castings, 
and  constant  research  along 
chemical  and  metallurgical  lines, 
enable  Doehler  engineers  to  be 
of  material  assistance  in  special 
problems  like  this. 

The  Doehler  Company  willingly 
places  its  experience  and  re- 
sources at  the  disposal  of  its  cus- 
tomers, in  using  Doehler  Die- 
Castings  for  the  best  results. 

Doehler  Die  Casting  Co. 

BROOKLYN.  NY. 

TOLEDO.  OHIO. 
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Lewis  H.  Davis  lias  boon  appointed  chiof  inspector  for  the 
Slut::  Motor  Car  (.V.  Inc.,  Indianapolis.  Until  recently  he 
attended   Purdue  University,  Lafayette,  Ind. 

Edward  Dixon,  who  was  formerly  chief  engineer  for  the 
Checker  Cab  Mfg.  Co.,  Chicago,  has  been  elected  president 
of  the  Pit:  -I  Auto  Co.,  also  of  Chicago. 

0.  M.  Donaldson,  who  for  a  number  of  years  was  Cleve- 
land district  manager  for  the  BriggS  &  Stratton  Co.,  Mil- 
waukee, and  since  October,  1922  was  in  charge  of  motor 
sales  for  the  Allis-Chalmers  Mfg.  Co.,  Chicago,  has  been 
appointed  director  of  manufacturers  sales  for  Outlook,  Cleve- 
land. 

Albert  H.  Doolittle  has  become  affiliated  with  the  Philbrin 
Corporation,  Kennett  Square,  Pa.,  as  sales  manager. 

Clarence  A.  Earl  has  been  made  president  of  National 
Motors,  Inc.,  Chicago. 

(Jeorge  F.  Fisher  has  accepted  a  position  with  the  Con- 
tinental  Mexican  Rubber  Co.,  New  York  City. 

(;.  K.  Franquist  has  severed  his  connection  as  chief  engineer 
for  James  Cunningham,  Son  &  Co.,  Rochester,  N.  Y.  His 
plans  for  the  future  have  not  been  announced. 

L.  O.  Haskins,  who  was  formerly  president  of  the  Water 
Baby  Mfg.  Co.,  Detroit,  has  been  appointed  director  of 
sales  of  the  Ohio  Trent  Coal,  Coke  &  Amalgam  Co.,  Toledo. 

Fred  A.  Hoyt  has  accepted  a  position  as  engineer  for  the 
Western  Electric  Co.,  New  York  City. 

Major  Mark  L.  Ireland  has  been  assigned  to  the  79th 
Division,  Organized  Reserves,  at  Schuyllkill  Arsenal,  Phila- 
delphia. Previous  to  this  he  was  detailed  for  2  years  at  the 
Massachusetts  Institute  of  Technology,  Cambridge,  and  for 
1  year  at  the  University  of  Michigan,  Ann  Arbor,  to  study 
the  interrelationship  of  highway,  railway  and  waterway 
transport. 

C.  M.  Johnson  has  accepted  a  position  as  salesman  for 
the  Washington   Hardware  Co.,  Tacoma,   Wash. 

1.  L.  Johnson,  who  was  formerly  machinist  for  the 
Minneapolis  Steel  &  Machinery  Co.,  Minneapolis,  is  now 
affiliated  with  Fairbanks,  Morse  &  Co.,  St.  Paul,  Minn. 

Hugh  I.  Jones  has  severed  his  connection  with  the  Willys 
Morrow  Co.,  Elmira,  N.  Y.,  where  he  was  assistant  metallur- 
gist.   His  plans  for  the  future  have  not  been  announced. 

Alexander  W.  Keller  has  become  associated  with  Edward 
Smith  &  Co.,  Long  Island  City,  N.  Y. 

E.  W.  Kelley,  who  was  previously  draftsman  for  the  Fulton 
Iron  Works,  St.  Louis,  has  accepted  a  position  with  the 
Weaver  Mfg.  Co.,   Springfield,  III. 

\llpirt  F.  Koeckert,  who  was  until  recently  manager  for 
the  Phoenix  Engineering  Co.,  Cleveland,  is  now  associated 
with  the  Mechanical   Rubber  Co..  also  of  Cleveland. 

Roland  M.  Kohr  has  been  made  chemist  for  the  Grasselli 
Chemical  Co.,  Clarksburg,  W.  Va.  Previous  to  this  he  held 
a  similar  position  with  the  National  Refining  Co.,  Findlay, 
Ohio. 

Henry  Kr<-I>H,  who  was  formerly  in  the  turbine  drafting 
department  of  the  General  Electric  Co.,  Lynn,  Mass.,  has 
joined  the  engineering  department  of  the  Packard  Motor 
(  :ir  Co.,  Detroit. 

(Continued  on  p.  6) 
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PACKARD 


SRB  Bearings  in  Packard 

Motor  Cars  are  located 

as  follows: 

Single-Six 

Clutch  throwout 
Transmission  mainehaft 

Rear  axle  wheels 

Single-Eight 
Clutch  throwout 
Transmission  mainehaft 

Rear  wheel* 
Steering  column 


The  striking  thing  about  the 
Single-Eight  is  that  it  does  the 
things  which  are  vital,  in  a  more 
positive,  effective  way,  than 
they  have  ever  been  donebefore. 

•king  contributions  to 

^■qther  motoring, 

■Nements,  but 


very  definite  qualities  quickly 
discernible. 

It  is  not  just  a  generalisation  but 
a  fact,  that  in  comfort,  accelera- 
tion, flexibility,  brake -action, 
steering  and  ease  of  control, 
the  Single-Eight  has  gone 
far  beyond  previous  practice. 


The  instant  and  enthusi- 
astic acceptance  of  these 
facts  renders  it  certain  that 
the  Single-Eight  will  domi- 
nate its  own  particular  field 
just  as  unmistakably  as  does 
its  companion  car  —  the 
Packard  Single-Six. 


ihed  Body  Type*.  Open  arid  Enclosed,  ol  Prices  Hanging  J" 
'ngle-Sii  Furnished  in  Eleren  Popular  Body  Type*.  Open  a 


m  SS60O  to  $',!toi>—ol  Detroit 
id  Enclosed 


\=^J^ 


*#HE  Packard  Motor  Car  Company  has  long 
X.  relied  upon  this  Organization  as  a  source  of 
supply  for  Annular  Ball  Bearings,  as  have  a  ma- 
jority of  the  larger  independent  automobile,  truck 
and  tractor  manufacturers. 

SRB  Annular  Ball  Bearings  have  built  up  an 
enviable  reputation  for  accurate  workmanship — 
long  life  — correct  design — and  quiet  frictionless 
operation  and  are,  therefore,  a  logical  part  of  the 
mechanism  of  the  finer  types  of  American  auto- 
motive manufacture. 


Standard  Steel  and  Bearings  Incorporated 


PLAINVILLE 


SRB  Bearings  are  serviced  by  the  branches  of  the  Stand' 
ard  Sales  and  Sendee  Co.,  throughout  the  United  States 


CONNECTICUT 


THE  Jot  RNAL  OF  THE  SOCIETY   OF  AUTOMOTIVE  ENGINEERS 


i'i  ii  ».(■<  i .  ItSl 


(Pat.  and  Pat.  Pending) 

STEEL 

(]ii])?>.  cones  and  rollers  of 
SHAFER  ROLLER  BEAR- 
INGS are  made  of  ALLOY 
STEEL.  This  steel  is  made 
to  our  >pecial  analysis  by 
one  of  the  foremost  exelu- 
-i\«-  alloy  steel  mills  of 
America. 

SHAFER  BEARING  CORP. 

6501-99  Wat  Grand  Ave. 
Chicago,  U.  S.  A. 

SHAFER 

Seir-SWgning  ROLLER  BEARING 


Personal  Notes  of  the  Members 

Continued 


Joseph   1>.   Lindecker  has  severed  liis  connection  with  the 
Willys-Overland  Co.,  Toledo,  where  he  was  layout  dra 
man  in  charge  of  the  patent  drafting  department.     No  an- 
nooncement  has  been  made  of  his  future  plans. 

Frank  J.  Lucas,  who  until  recently  was  chief  engineer  for 
the  Hamilton  Beach  Mfg.  Co.,  Racine,  Wis.,  has  become 
mechanical  engineer  in  charge  of  methods  development  at  the 
Hawthorne  Works  of  the  Western  Electric  Co.,  Cicero,  111. 

E.  T.  Mathewson  resigned  on  Nov.  1  as  district  manager  of 
the  S  K  F  Industries,  Inc.,  Buffalo,  to  devote  his  entire  time 
to  the  development  of  the  products  of  the  Nichols  &  Wright 
Motor  Co.,  Buffalo,  of  which  he  has  been  president  for  the 
past  5  years. 

A.  H.  Midgley,  who  was  formerly  technical  director  of 
Scholey  &  Co.,  Ltd..  London,  S.  W.,  England,  has  organized 
the  Midgley  Car  Lighting  Co.,  Ltd.,  also  in  London. 

Clifford  A.  Miller  has  accepted  a  position  as  assistant  chief 
draftsman  in  the  engineering  department  of  the  White  Motor 
Co.,  Cleveland.  He  was  previously  engineer  and  designer 
for  Weaver  &  Kemble,  also  of  Cleveland. 

G.  Reynolds  Miller  has  severed  his  connection  with  the 
Daniels  Motor  Co.,  Reading,  Pa.,  where  he  was  general  pur- 
chasing agent.  His  plans  for  the  future  have  not  been 
announced. 

Robert  I.  Miner,  who  was  previously  tool  engineer  for  the 
Cadillac  Motor  Car  Co.,  Detroit,  has  been  made  assistant 
chief  engineer  for  the  Bossert  Corporation,  Utica,  N.  Y. 

Herbert  N.  Nigg  has  been  appointed  general  manager  of 
the  Frost  Gear  &  Forge  Co.,  Jackson,  Mich.  He  was  former- 
ly vice-president  and  general  manager  of  the  Detroit  Bevel 
Gear  Co.,  Detroit. 

John  W.  Peterson  has  severed  his  connection  as  factory 
manager  in  the  wheel  division  of  the  Detroit  Pressed  Steel 
Co.,  Detroit.  His  plans  for  the  future  have  not  been  an- 
nounced. 

A.  G.  Prosperi,  who  was  formerly  president  of  the  Oak- 
land Sales  Co.,  Tampa,  Fla.,  has  become  associated  with 
Harvey  Ringler  Motor  Sales,  Philadelphia. 

P.  W.  Rhame  has  been  made  superintendent  of  inspection 
for  the  A.  C.  Spark  Plug  Co.,  F'lint,  Mich.  He  was  until 
recently  instructor  in  the  University  of  Minnesota,  Minne- 
apolis. 

Walter  C.  Robbins,  who  was  formerly  connected  in  an 
engineering  capacity  with  the  Stevcns-Duryea  Co.,  Chicopee 
Falls,  Mass.,  and  was  also  chief  engineer  for  the  Curtiss 
Aeroplane  Co.,  Buffalo,  has  been  appointed  general  manager 
of  the  International  Metal  Hose  Co.,  Inc.,  Cleveland. 

O.  J.  Rohdc  has  been  appointed  general  manager  of  the 
Torrington  Co.  of  Delaware,  New  York  City.  His  previous 
business  connection  was  with  the  Wire  Wheel  Co.  of  Amer- 
ica,  Detroit,   in   a   similar   capacity. 

Paul  H.  Schweitzer  is  now  automotive  designer  for  the 
Yellow  Coach  Mfg.  Co.,  Chicago.  Prior  to  this  he  waa 
mechanical  engineer  and  tool  designer  for  the  Oakland  Motor 
Car  Co.,  Pontiac,  Mich. 

Ralph     H.    Sherry,    formerly    metallurgical    engineer    for 
General    Motors   Corporation,  and   later  for  the   Willys   Tor 
[•oration.   Elizabeth,   N.  J.,   has   become   associated  with  the 
International  Harvester  Co.,  Chicago,  as  chief  metallurgist. 

[Concluded  on  p.  8) 
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THOMPSON  Silcrome  Valves  were  in  the  500 
H.  P.  Curtiss  D-12  engine  that  won  the  interna- 
tional speed  races  at  St.  Louis,  averaging  243  miles 
an  hour  for  200  kilometers.  They  are  also  standard 
equipment  in  the  Wright  motors  which  set  the  new 
300-hour  full-throttle  endurance  standard  now  em- 
ployed by  the  United  States  government.  Thus  de- 
signers of  finest  aeronautical  motors  confirm  the 
judgment  of  leading  automobile  engineers  who  have 
specified  Thompson  Silcrome  Valves  because  they 
are  practically  indestructible. 

Let  us  prove,  in  your  own  test  engines,  the  ruggedness 
of  this  moderately  priced  valve  which  hottest  motors 
cannot  destroy. 

—built  by  a  "trail-breaker 
of  industry" 

THE   STEEL   PRODUCTS   COMPANY 

Also  manufacturers  of  Icing  bolts,  shackle  bolts,  tie  rod  bolts, 
drag  lints,  starting  cranks,  and  brake  rod  assemblies 
Main  Plant  Michigan  Plant 

CLEVELAND  DETROIT 


THOMPSON!  SILCROME  VALVES 
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First  doss 

TOOLS 
go  with 

first  chiss 
CARS 


CRESCENT  WRENCHES 
help  to  solve  the 

"accessibility  problem" 

MAKING  the  working  parts  of  car  or 
truck  easily  accessible  for  over- 
hauling, adjustment  and  repair  is  some- 
thing that  concerns  every  car  manufac- 
turer. 

The  special  design  of  Crescent  Wrenches 
makes  them  effective  in  places  where 
other  wrenches  are  useless. 

Crescent  sales  figures  show  that  car 
owners  the  country  over  prefer  Crescent 
Tools.  And  in  these  days  of  keen  com- 
petition it  is  good  business  to  give  them 
what  they  want  as  standard  equipment. 

Tl.  I       eni     line     includes     Crescent 

eni  pliers,  and  Crescent 
T-type  screwdrivers. 

CRESCENT  TOOE  CO..  JAMESTOWN,  N.Y. 
'The  CRESCEST  WRENCH  People" 
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George  W.  Sowei  has  joined  the  engineering  department 
of  the  Jeffrey  Mfg.  Co.,  Columbus,  Ohio.  He  was,  until 
recently,  draftsman  in  connection  with  aircraft  ami  power- 
plant  design  and  installation  for  the  Glenn  L.  Martin  Co., 
Cleveland. 

Horace  N.  Stevenson,  who  was  previously  assistant  ex- 
perimental engineer  for  the  Mercer  Motors  Co.,  Trenton, 
\  .1..  ha-  accepted  a  position  as  salesman  for  the  Norman 
1'.  Druck  Motor  Co.,  also  of  Trenton. 

Frank  E.  Storey  has  become  chassis  designer  and  layout 
man  for  the  Hupp  Motor  Corporation,  Detroit.  He  was 
formerly  layout  man  for  the  Maxwell  Motor  Corporation,  also 
of  Detroit. 

Foster  E.  Sturtevant.  who  was,  until  recently,  chief  in- 
spector  for  the  Ward  Motor  Vehicle  Co.,  Mount  Vernon,  N. 
V..  has  accepted  a  position  as  mechanical  engineer  with  the 
Bijur  Lubricating  Corporation,  New  York  City. 

Clinton  L.  Stutter  has  accepted  a  position  as  toolmaker 
for  J.  Morrison  Gilmour,  New  York  City.  He  was  formerly 
machinist  for  the  White  Truck  Co.,  Long  Island  City,  N.  Y. 

John  Swinscoe  has  been  made  manufacturing  engineer 
for  the  Olds  Motor  Works,  Lansing,  Mich.  His  previous 
business  connections  were  with  the  factory  organization 
division  central  office  of  the  General  Motors  Corporation, 
Detroit. 

Raymond  E.  Tetens,  who,  until  recently,  was  assistant 
chief  engineer  for  Earl  Motors,  Inc.,  Jackson,  Mich.,  has  ac- 
cepted a  position  as  draftsman  with  the  Reo  Motor  Co., 
Lansing,  Mich. 

W.  R.  Vogeler  has  become  associated  with  the  General  Mo- 
tors Export  Co.,  New  York  City,  and  will  act  in  the  capacity 
of  field  representative  for  the  Central  European  countries, 
with  headquarters  in  Copenhagen,  Denmark.  He  was  for- 
merly export  manager  in  Weisbaden,  Germany,  for  the  King 
Motor  Car  Co.,  and  general  manager  and  secretary  of  the 
King  Car  Corporation,  New  York  City. 

Ewald  G.  Wahlborg  has  accepted  a  position  as  body  drafts- 
man for  the  Chalmers  plant  of  the  Maxwell  Motor  Corpora- 
tion, Detroit.  Previous  to  this  he  was  layout  designer  for 
Zeder-Skelton-Breer   Engineering  Co.,  Newark,  N.  J. 

R.  C.  Wilson  has  become  affiliated  with  the  Fergus  Motors 
of  America,  Inc.,  Newark,  N.  J. 

Chase  W.  Wolfe,  who  was  formerly  manager  having  charge 
of  manufacturer's  sales  for  the  Federal  Rubber  Co.,  Cudahy, 
Wis.,  is  now  associated  with  the  Century  Rubber  Works, 
( Ihicago. 


INDICATINO 


RECORDING 


temperature^^Tnstruments 


w 


are  ghont    the    automotive    manu- 

mpact, 
log    'in    Iiulii  ating  or   I ""- 

irollintf,  and  Signalling  Pyrometer!  awaits 
your  card  or  letter.  Keep  it  handy  for 
quick    referent  c.      Write    today. 

Taylor  Instrument  Companies 

Rochester.N.Y.  USA. 

TVi»t«-*  </rii  m\'T,nL  r  Irmfmatitfr  in*Triun*Til  for  rwr  y  purpoM  £Q 
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BRAKES 


REAR 
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GLE.SS    BRAKE.  DIFFERENTIAL. 
COPYRIGHT    1923. 
UMiTEQ   STATES  ORDNANCE   COMPANY. 


. 


Mr.  Manufacturer: 

You  will  admit  that  the  force  generated  by  the  right  and  left  brakes  in  stopping 
a  car  should  be  the  same. 

But 
Do  you  know  that  equalization  of  brake  forces  cannot  be  effected  by  any  device 
entirely  included  in  the  brake  setting  mechanism,  or  in  any  mechanism  which 
both  sets  the  brake  and  anchors  it  against  rotation? 

Do  you  know  that  this  statement  is  susceptible  of  mathematical  proof  and  that 
it  has  been  proven? 

Do  you  know  that  the  co-efficient  of  friction  of  your  brakes  can  change  from 
day  to  day  and  from  minute  to  minute  ? 
And  that  "What  can  happen  will  happen"? 

Then  you  will  admit  that  equalization  of  brake  pressure  does  not  equalize  the 
brake  force. 

The  Gless  Brake  Differential 

DOES  equalize  the  brake  force  by  varying  the  brake  pressure  to   overcome 

the  variations  in  the  co-efficient  of  friction. 

With  it  you  can  duplicate  the  test  shown  in  the  illustration  and  you  can  do  it 

every  day,  and  every  hour  or  minute   of   the   day,   through   rain,    snow  and 

mud. 

You  will  not  require  chains  to  prevent  skidding,  and  you  will  not  be  told  to 
get  a  horse    when  one  wheel  spins  around  in  the  mud. 
With  it  your  external  band  brakes  become  100%  efficient. 

THE  GLESS  BRAKE  DIFFERENTIAL  is  neither  an  accessory  nor  an  experi- 
ment. It  constitutes  a  part  of  the  brake  mechanism,  and  has  been  adapted  to 
various  types  of  brakes. 

Efficiency  and  durability  proven  by  nearly  three  years  of  exhaustive  tests. 
For  drawings  and  specifications  write  to 

UNITED   STATES    ORDNANCE    COMPANY 

4612  Woodward  Ave.,  Detroit,  Michigan  719  15th  Street,  Washington,  D.  C. 
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Why  Kelly  Kats  dominate 
the  truck  tire  field 

Kelly  Kats  are  massive  single-cushion  tires 
especially  designed  to  give  maximum  traction, 
resiliency  and  mileage  on  trucks  of  heavy  and 
medium  capacity. 

Kelly  Kats  are  able  to  get  traction  without 
chains  on  almost  any  kind  or  condition  of  road. 

Kelly  Kats  can  stand  as  much,  if  not  more, 
punishment  than  solid  rubber  tires,  yet  they 
are  far  more  resilient. 

Kelly  Kats  deliver  mileage  which  makes 
them   economical. 

It  is  because  Kelly  Kats  possess  all  these 
qualities  that  they  have  steadily  grown  in  pop- 
ularity until  they  are  now  used  on  hundreds  of 
fleets  and  thousands  of  single  trucks  in  all 
parts  of  the  country  and  in  practically  every 
industry. 

There  are  no  Caterpillar 
tire*  but  Kelly  Kats 

KELLY-SPRINGFIELD  TIRE  CO. 

250  We*t   57th  Street,   N.   Y. 


Notes  and  Reviews 

In  this  column  are  given  brief  Itcnia  regarding  tech- 
nical books  and  articles  on  automotive  subjects.  Aa  a 
general  rule,  no  attempt  Is  made  to  Rive  an  exhaustive 
review,  the  purpose  being  to  Indicate  what  of  special 
interest  to  the  automotive  Industry  has  been  published. 


New  Sliding  Change-Speed  Grarsets  Announced  in  Eu- 
rope. Published  in  Automotive  Industries,  Oct.  25,  1923, 
p.  830. 

This  is  an  account  of  two  new  European  devices,  the 
Lavaud  automatic  transmission  and  the  Constantinesco 
torque  converter. 

The  l.avaud  transmission  is  said  to  abolish  the  ordinary 
change-speed  mechanism,  the  gear-ratio  being  automatically 
changed  in  accordance  with  changes  in  the  resistance  en- 
countered in  the  rear  wheels.  In  connection  with  a  diagram, 
its  operation  is  rather  fully  explained,  following  a  paragraph 
in  which  the  working  of  the  device  is  described  thus: 

By  the   Lavaud  transmission  the  continuous  rotary 
motion  of  the  engine  crankshaft  is  transformed  into  a 
reciprocating  motion  of  connecting  rods  whose  length 
i  roke  is  automatically  varied  by  the  traction  re- 
sistance in  inverse  proportion  to  that  resistance.    This 
reciprocating  motion  is  again  transformed  into  a  con- 
tinuous rotary  motion  by  ball  ratchets. 
In  the  Constantinesco  torque  converter  as  in  the  Lavaud 
transmission,  the  distinctive  features  are  infinite  variability 
and   automatic   variation.     The   illustration   from   which   the 
explanation  of  the  Constantinesco  device  is  made  is  purely 
diagrammatic,   and    its   exposition    is    less   complete    than   is 
that  of   the  mechanism  just  described.     The   inventor,   it  is 
stated,  has  called  attention   to  the  fact  that  his  gear  is  a 
mechanical  equivalent  of  an  alternating-current  electric  cir- 
cuit containing  resistance  and  inductance   in  parallel.     This 
similarity  is  illustrated  by  two  diagrams.     Some  comment  on 
the  new  devices  is  appended  at  the  end  of  the  article. 
Accurate  Manufacture  of  Automobile  Gears.    By  A.  B. 
Bassoff.     Published  in  Machinery,  November,  1923,  p.  209. 
The  author  outlines  the  various  steps  in  the  manufactur- 
ing process  adopted  in  one  automobile  plant  in  an  endeavor 
to  eliminate   imperfections  in   automobile  timing  and  trans- 
mission gears  and  describes  in  detail  the  special  machines 
employed.     Four  diagrams  illustrate  the  machines  under  con- 
sideration, namely,  machines  for  gear-tooth  rolling,  for  lap- 
ping and  for  testing.     The  gears  are  tested  for  silent  run- 
ning after  assembling  on  shafts,  the  test  consisting  in  apply- 
ing various  loads  at  different  speeds  to  detect  noisy  opera- 
tion. 

Gear  Makers  Seek  to  Expand  Industry  by  Finding  New 
Uses  for  Product.  By  P.  M.  Ileldt.  Published  in  Auto- 
motive Industries,  Nov.  1,  1923,  p.  903. 
This  article  gives  an  account  of  a  recent  meeting  of  the 
American  Gear  Manufacturers'  Association.  An  interesting 
feature  of  the  meeting  was  a  paper  outlining  methods  for 
correcting  errors  in  milled  gears.  In  connection  with  the  idea 
that  in  machining  gear  teeth  by  this  process  a  cutter  which 
is  correct  for  producing  gears  with  a  given  number  of  teeth 
is  incorrect  for  any  other  number,  it  was  pointed  out  that, 
in  practice,  errors  of  this  kind  are  alight  and  that  a  cutter 
suitable  for  one  series  of  numbers  can,  when  necessary,  be 
used  to  produce  gears  with  a  different  number  of  teeth  by 
slightly  modifying  the  depth  of  the  cut.  When  it  is  desir- 
able to  provide  more  backlash  on  the  gears  than  is  present 
when  they  are  cut  to  the  theoretical  depth,  this  result,  it  is 
claimed,  may  be  accomplished  by  sinking  the  cutters  deeper 
into  the  blank. 

The  Committee  on  Composition  Gearing  reported  work 
done  in  an  endeavor  to  evolve  a  horsepower  rating  for  gears 
made  of  phenol  condensation  products,  six  of  which  are  on 
the  market.  Experiments  testing  the  strength  and  ennui 
ance  of  these  six  products  showed  fairly  consistent  results 
for  four  of  the  materials,  but  two  fell  far  below  the  others. 

(Continued  on  p.  12) 
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Here's  why 

it  wears  down 


Left:  Steady  wear  soon  squeezes  o\d  "ragged  edge"  on 

ordinary  soft  brake  lining.    This  means  poor  tcear  and 

frequent  adjustments. 

Right:    Thermoid  Hydraulic  Compressed  Lining  is  too 

dense  and  compact  to  squeeze  out.    Wear* 

grips  when  worn  wafer-thin.   Needs  fewer  adjustment.1'. 


slowly  instead  of  mashing  down  quickly 


Take  a  short  strip  of  Thermoid  Compressed 
Brake  Lining.  See  how  compact  it  is,  as 
compared  to  an  ordinary  lining.  Feel  its 
density,  its  weight.  This  solid  compactness 
makes  Thermoid  grip  evenly  and  wear 
longer. 

Tremendous  hydraulic  pressure  —  2000 
pounds  of  it  —  takes  all  further  "give"  out 
of  Thermoid.    In   its   place   is   compressed 


SPEED 
PER  HOUR 


—I.     9.2  fir^3- 


Will  your  car  do  this  ? 


?0mil«r~c- 


^ 


gaaa 


y-y 


'■^=g 


50milei-^^_ 


=^fi 


Famous  Thermoid  Standard  Chart — shou-s  distances  in  u-hich  car 

should  stop  if  brakes  are  efficient.    Brakes  lined   with 

Thermoid   meet  these  standards. 


40%  more  material  than  is  found  in  any 
other  brake  lining  made. 

This  compression  makes  Thermoid  wear 
down  slowly  instead  of  washing  down 
quickly. 

Thermoid  doesn't  "squeeze  out" 

The  tremendous  hydraulic  pressure  on  Ther- 
moid takes  out  all  excess  "give."  That  is 
why  Thermoid  is  the  last  to  show  the 
"ragged  edge"  between  drum  and  brake 
band. 

Send  for  our  booklet,  "The  Dangers  of 
Faulty  Brakes."  It  contains  valuable  in- 
formation and  complete  records  of  brake 
lining  tests  which  every  engineer  will  be 
glad  to  have  on  hand. 

THERMOID  RUBBER  COMPANY 

Factory-  and  Main  Offices:  Trenton,  N.  J. 

New  York,  Chicago.  Los  Angeles.  Detroit,  Atlanta.  San  Francisco, 
Boston,  Cleveland,   Kansas  City,   Seattle,  London.   Paris.  Turin 


he  Lsnincj 

Hydraulic  Compressed 

Makers  of  "Thermoid-Hardy  Universal  Joints"  and 
"Thermoid  Crolide  Compound  Tires" 
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FAFNIR  Ball  Bearings  possess  many 
distinctive      advantages      among 
which  are  the  following: — 

1 .  High  carbon  chrome  alloy  steel, 
resulting  in  combined  hardness  and 
toughness. 

2.  Thorough  heat  treatment,  and 
not  case  hardening  which  is  only  skin 
deep. 

3.  Turned  balls,  insuring  absolute 
uniformity  and  resistance  to  wear. 

4  Deep  race  gTooves,  affording 
greater   load  carrying  capacity. 

5.  Pressed  steel  ball  retainer,  which 
is  practically  destructionless  and  fric- 
tionless. 

■mr  Hull  Hftirinfi  are  manufactured  in  ALL 
standard    types    and  there's    a    Fajnir   for 

■    bearing  purpose. 

THE  FAFNIR 
BEARING  COMPANY 

New  Britain,  Conn. 


)     ILL. 
"j-arfaorn    St. 
DF  H 

1 20 

5  1  I. 

HIO 
1016- 1 01 7  SwetUnd  Bldg. 


NEW    YORK.    N.    Y 
5    Columbua    Circle. 

'ARK.    N     J. 
2  7  I    Central   Ave. 

PHILADELPHIA.    PA. 
M27     Fairmont    Ave. 


Notes  and  reviews 

Continued 


111  the  discussion  of  the  report  of  the  Tooth  Form  Commit- 
too,  it  was  brought  out  that  Mats  on  the  tooth  faces  of  hobbed 
gears  eonld  be  considerably  reduced  by  increasing  the  num- 
ber of  tooth  in  the  hob. 

In  the  report  of  the  Differential  Committee,  drawings  were 
presented  of  a  four-pinion  differentia]  gear  that  is  intended 
as  recommended  practice  for  future  design. 

The  Metallurgical  Committee  stated  that  oast  steel  re- 
quirements can  be  grouped  under  three  heads,  namely,  cast- 
ings to  be  case-hardened,  untreated  castings  and  heat-treated 
castings. 

other  topics  discussed  at  the  meeting  included  industrial 
relations,  training  shop  executives,  an  intensive  2-year  engi- 
neering course,  keyway  .standards,  the  design  of  hobs  for 
cutting  worm  gears  and  uses  for  gears  other  than  in  the 
transmission  of  power. 

Laws  OP    BEARING  AND  DKY   FRICTION    SIMILAR    WHEN    IX)AI)S 

Are   HIGH.      By    P.    M.    Heldt.     Published   in   Automotivt 
Industries,  Sept.  20,  1923,  p.  573. 

In  this,  the  first  in  a  series  of  four  articles  analyzing  re- 
cent developments  in  lubrication  theory  and  practice,  the 
author  begins  by  defining  "boundary  lubrication,"  tracing 
the  history  of  this  theory  and  calling  attention  to  the  diver- 
sity of  opinion  regarding  this  theory.  An  oil-testing  machine 
is  described,  from  the  operation  of  which  static  friction 
coefficients  were  derived  for  11  lubricants  with  two  different 
combinations  of  metal,  mild  steel  on  cast  iron  and  mild  steel 
on  gun  metal.  The  conclusion  is  drawn  from  the  results 
that  static  friction  varies  not  only  with  oil  but  also  with  the 
metal  of  the  bearing  and  that  "oiliness"  is  rather  an  effect 
produced  upon  the  metal  surface  than  a  property  of  the 
lubricant  as  a  liquid. 

Research  Reveals  Laws  of  Friction  in  Lubricated  Bear- 
ings. By  P.  M.  Heldt.  Published  in  Automotive  Indus- 
tries, Oct.  11,  1923,  p.  735. 

The  second  article  in  the  series  describes  experiments 
that  have  been  made  at  various  times  to  determine  the 
effects  of  surface  velocity,  temperature,  character  of  mate- 
rial and  character  of  lubricant  on  frictional  loss. 
Opinions  Vary  Regarding  Usefulness  of  Oil  Grooves. 
By  P.  M.  Heldt.  Published  in  Automotive  Industries,  Oct. 
18,  1923,  p.  800. 

Hydrodynamic  principles  applied  to  lubrication  would  lead 
to  the  conclusion  that  the  best  results  would  be  obtained 
from  grooveless  bearings;  this  theory,  however,  assumes  a 
constant  oil-temperature,  although  observation  shows  that 
the  oil  rises  in  temperature  while  passing  through  the  bear- 
ing. The  function  of  the  grooves  receives  consideration, 
in  this  the  third  paper  of  the  series,  as  well  as  the  proper 
form   of   the  grooves. 

Lubrication   Value  of  Oils   Is  Aifectei)  »v   Properties 
Other  Than  Viscosity.     By  P.  M.  Heldt.     Published  in 
Automotive  Industries,  Oct.  25,  1923,  p.  842. 
This,  the  final  article  in  the  series  of  four,  shows  that  for 
the  same  general  class  of  lubricants  and  within  certain  lim- 
its of  loading,  peripheral  speed  and  fit,  the  friction  of  a  b 
ing  is  directly  proportional  to  the  viscosity  of  the  oil  used, 
but    when    lubricants    of    different   chemical   characters    are 
dered  and  the  above  limitations  are  removed,  this  rela- 
nip  DO  longer  holds,  and  other  properties  than  viscosity 
have  a  part  in  determining  the  value  of  a  lubricant.   Oiliness 
is  defined,  capillarity  as  a  factor  in  lubrication  is  discussed 
and  the  theory  of  colloid     receives  consideration. 
Tin;   Standardization   of  Commbcial   Viscometers.     By 
Madison  L.  Sheely.    Published  in  Industrial  and  Engineer- 
ing Chemistry,  November,  1928,  p.  1109. 
After  mentioning  the  need  for  the  standardization  of  com- 
mercial   viscometers    and    for    the    expression    of    results    in 
terms  that  can  be  checked  in  other  laboratories  within  a  rea- 
ible  limit  of  accuracy,  the  methods  of  calibrating  instru- 
ments of  the  capillary  outflow  type  are  considered,  together 

(Continued  on  p.  14) 
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Cincinnati  Brake 

or  Plate  Forming  Machine 

This  interesting  machine,  in  order  to  with- 
stand the  tremendous  stresses  without  de- 
flection or  distress,  is  built  up  of  steel 
throughout,  instead  of  cast  iron. 

It  is  natural,  in  such  a  machine,  that  all  im- 
portant bearings,  such  as  the  bearings  of 
the  big  clutch  pulley,  the  idler  on  worm 
shaft — some  eight  bearings  in  all — are 
Gurneys. 

Gumey  Engineers  are  experienced  in  solv- 
ing difficult  bearing  problems— let  them  help 
you  with  yours. 

GL'RNEY  BALL  BEARING  CO. 


402   Chandler  St. 


Jamestown,   N.   Y. 


GURNEY 

BALLBEARINGS 


18209 


NOTES  AND  REVIEWS 

Continued 


with  a  typical  calibration  of  the  MarMichael  torsional  vis- 
cometer as  it  pvrtains  to  practical  usage  :n  the  commercial 
laboratory.  Liquids  and  solutions  suitable  for  the  standard- 
ization of  commercial  types  of  viscometers  are  briefly  dis- 
i.  and  non-volatile  oils  are  in  general  recommended  for 
calibrating  purposes  at  comparatively  high  viscosities. 

ROL  ok  Airplanes  at  Low  Speeds.     By  Melvill  Jones. 

Published  in  The  Journal  of  the  Kui/al  Aeronautical  Soci- 
.  October,  1921,  p.  473. 

Calling  attention  to  the  number  of  accidents  that  have 
occurred  because  of  pilot's  losing  control  when  approaching 
the  landing  jrround  at  the  minimum  possible  speed,  the  au- 
thor discusses  the  desirability  of  developing  some  broad 
basis  upon  which  airplanes,  under  design,  can  be  examined 
for  controllability,  as  for  strength  and  performance.  The 
tendencies  of  a  stalled  engine  that  if  not  checked  produce 
the  spin  which  often  precedes  a  fatal  accident  are  analyzed. 
The  necessity  is  stressed  for  control  over  the  orientation  of 
the  airplane  during  slow  flying,  and  means  of  securing  such 
control  are  discussed. 
The    Wren    Light    Airplane.      Published    in    Engineering, 

Oct  26,  1923,  p.  526. 

A  description  of  the  Wren  light  airplane,  accompanied  by 
three  diagrams  and  two  photographs,  includes  the  following 
statements: 

The  performance  figures,  based  on  an  engine  output 
of  7  hp.  which  is  obtained  at  2600  r.p.m.,  are  as  fol- 
lows : 

Full  Speed,  m.p.h.,  50 

Landing  Speed,  m.p.h.,  25 

Climb,  ft.  per  min.,  150 

Ceiling,  ft.,  7,000 

Distance  Required  To  Get  Off,  yd.,  50  to  70 

Distance  Required  To  Pull  Up.,  yd.,        20  to  25 
Compared  with  the  performance  of  a  modern   air- 
plane of  the  usual  design  the  figures  given  above  are 
by  no  means   striking   at    first  sight,   but   when    it   is 
pointed  out  that  they  are  obtained  with  a  power  load- 
ing of  54.3  lb.  per  hp.,  whereas  the  corresponding  fig- 
ures for  commercial  and  service  airplanes  are  about 
15  and  12  lb.  per  hp.  respectively,  it  will  be  seen  that 
they  are  of  a   distinctly  high  order.  The  wings  have 
a  span  of  37  ft.  and  a  dihedral  angle  of  4  deg. 
The   English   Electric  Co.,   who  constructed   the  Wren,    is 
now  designing,  on  similar  lines,  a  light  two-seated  machine 
with  dual  control. 

Fabric  Stresses  in  Pneumatic  Tires.  By  H.  F.  Schippel. 
Published  in  Industrial  and  Engineering  Chemistry,  No- 
vember, 1923,  p.  1121. 

The  definite  commensurable  stresses   to   which   the  fabric 
of  a  tire  carcass  is  subjected  are  classified  as  follows:  static, 
including  stresses  due  to  inflation-pressure  and  those  due  to 
deflection  under  load;  dynamic,  including  traction  and  brak- 
injr  stresses  and  centrifugal  stresses.     A  mathematical  analy- 
sis is  made  of  each  type  of  stress  with  a  view  to  expediting 
future  work  in  tire  design,  and  a  brief  consideration  is  given 
to  indeterminate  stresses  due  to  road  shocks. 
The  Analysis  OF  ChBOMB-VakjuhuM  Steel.     By  G.  E.  F. 
I.tindell,  J.  I.   Hoffman,  and   H.   A.  Bright.     Published  in 
Industrial  and  Engineering   Chemistry,  October,   1923,   p. 
1064. 

The  methods  and  observations,  recorded  in  this  paper,  deal 
chiefly  with  accurate  volumetric  procedures  and  are  based 
for  the  most  part  on  data  obtained  during  the  standardiza- 
tion of  the  Bureau  of  Standards  standard  samples  of  alloy- 
Is. 
The  determinations  of  carbon,  sulphur  and  silicon  in 
chrome-vanadium   steel    offer   no  lifficulties   and   are 

issed  with   references  to  acceptable  methods  and   some 
precautions  that  have  been  found  desirable.     After  vanadium 

(Concluded  on  p.  16) 
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"WHITNEY" 

LONG   SERVICE  CHAINS 

SILENT  TYPE 


POSITIVE 


FLEXIBLE 


EFFICIENT 


DURABLE 


GREATER  SERVICE 

At  Lower  Cost 


The  Whitney  Mfg.  Co.,  Hartford,  Conn. 


CHAINS 


KEYS  AND  CUTTERS 


HAND  MILLING  MACHINES 


NEW  YORK  BOSTON 

L.  C.  Biglow  &  Co.,  Inc.  George    C.    Steil 

243    W.   55th   St.  740  Commonwealth  Ave. 


PHILADELPHIA 
R.  J.   Howison 
624  Race  St. 


SAN  FRANCISCO 
A.  H.  Coates  Co. 
770    Mission    St. 


SEATTLE 

A.   H.  Coates  Co. 

1115    East   Union    St. 
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Ml  LTIPLE  DISC  CLITCHES 

•DETLAFF" 


JUST  as  .1  chain  is  no  stronger  than  it's 
weakest  link — do  engine  is  superior 

lutch.  The  clutch  must  transmit 
the  engine  power,  without  shock  to  the 
rear  end.  It  must  be  powerful  enough 
to  pass  on  all  of  the  power  and  yet  take 
hold  gently. 


THERE  is  no  argument  as  to  the 
efficiency  and  dependability  of  the 
MULTIPLE  DISC  CLUTCH.  It  is 
one  of  those  self-evident  facts  that  we 
cannot  get  away  from. 


THE   question    is: — Whv   should  you 
use  the  "VELVET  CLUTCH 

WITH    THE    BULL-DOG    GRIP?" 

Because  in  the  long  run,  it  is  the  least 
expensive  type — it's  softness  of  engage- 
ment lends  an  added  charm  to  that  engine 
of  yours — and  its  action  under  the  foot 
of  the  dmcr,  create-  favorable  comment 
— the  most  effective  form  of  advertising 
known. 


THE  designers  of  the  world's  most 
successful  motor  vehicles — with  few 
ptions.  specified  and  continue  to  use, 

THE  MULTIPLE  DIS(    (  LI  TCH. 


tt  for  "the  asking.' 


A.  J.  DETLAFF  CO. 

Detroit,  Mi<  h. 


Notes  and  Reviews 

Concluded 

has  bun  reduced  to  t lie  quadrivalent   state,  the  deter mina 

tion  of  phosphorus  also  offers  no  trouble  and  hence  no  de 
tailed  descriptions  of  the  well-known  methods  for  phos- 
phorus are  given.  On  the  other  hand,  the  determinations 
of  manganese,  chromium  and  vanadium  offer  some  difficul- 
ties, and  these  are  discussed  at  greater  length  and  desirable 
methods  that  are  not  widely  known  are  given. 
Manufacture  of  Rubber;  and  Pyroxylin  Coated  Fabrics 

Differs    Widely.     Published    in    Automotive   Industi 

Oct  is.  1928,  p.  784. 

This  paper,  describing  the  manufacture  of  rubber-coated 
Fabrikoid,  enumerates  the  important  ingredients  used,  tells 
the  method  of  preparing  the  coating  and  of  regulating  the 
thickness  of  the  coating,  -  the  serviceability  of  \ 

ous  colors  and  the  three  grades  of  lustre  and  concludes  with 
three  paragraphs  of  points  that  users  should  consider. 

Test  shows  No  Abrasive  in  Bronze  Bushings.    Published 

in  American   Machinist,   Nov.  8,    L923,  p,  689;   reprinted 

from  Grits  and  Grinds,  September,  1923. 

Describes  an  experiment,  resulting  in  the  conclusion  that 

no  abrasive   is  imbedded  in  the  metallic  surface  as  a  result 

of  the  grinding  operation. 

General  Motors  Develops  Porous  Bearing  Metal.  Pub- 
lished in  Automotive  Industries,  Oct.  18,  1923,  p.  793. 
Gives  a  brief  description  of  a  new  porous,  oil-absorbing, 
copper-tin  bearing  bronze,  called  Durex,  possessing  a  low 
coefficient  of  friction  and  an  unusual  ability  to  resist  wear. 
The  paper  describes  the  method  of  installation  of  Durex 
beaiings  and  gives  directions  for  the  best  results  from  their 
use.  The  physical  properties  of  the  metal  are  listed  as  fol- 
lows: Iirinell  hardness,  30-40;  scleroscope  hardness,  15-18; 
modulus  of  elasticity,  2,500,000;  weight,  3.5  oz.  per  cu.  in.; 
specific  gravity,  5.40;  oil  absorption,  25  per  cent  by  volume; 
compressive  elastic-limit,  2000  to  10,000  lb.  per  sq.  in.,  de- 
pending on  composition.       * 

The  Motorailer  Wheel  for  Motor  Vehicles.     Published 
in  Engineering,  Oct.  L2,  1923,  p.  472. 

This  short  article,  illustrated  by  seven  diagrams  and  two 
photographs,  is  concerned  with  a  wheel  system  that  can  be 
converted  from  the  form  required  for  railway  or  tramrail 
service  to  one  suitable  for  the  road  and  the  reverse.  It  has 
been  demonstrated  that  the  conversion  from  road  to  rail  ser- 
vice, including  the  removal  of  four  tires  and  rims  and  the 
locking  of  the  Bteering  gear,  can  be  effected  by  two  mechan- 
ics in  about  8%  min.,  while  the  reverse  operation  can  be 
accomplished  in  29  min. 

The  motor  wheel  is  of  the  rail-track  type,  made  of  high- 
carbon  steel.  To  convert  this  into  the  road  form,  a  cast- 
steel  rim.  with  a  'i-in.  gap  cut  out  of  it  in  the  way  common 
with  piston-rings,  is  placed  around  the  wheel  to  provide  the 
requisite  horizontal  face  for  the  rubber  tire.  The  rim  is 
held  in  place  by  six  bolts  that  pass  through  the  holes  at 
the  thickened  top  ends  of  the  spokes;  these  bolts  have  sector- 
-haped  heads  that  engage  in  recesses  cut  into  the  underside 
of  the  rim  and  are  fitted  with  screwed  pins  for  use  in  liber- 
ating the  rim  once  the  nuts  are  removed.  The  shafts  of  the 
bolts  pass  through  the  rim  of  the  wheel  and  the  nuts  bear 
against  the  inner  face. 

Electric  Railway  and  Truck  Transport  Combined  by  Use 
ok  CONTAINER  CABS.  By  D.  M.  McDonald.  Published  in 
.1  utonu  .  "ct.  l,  192:!,  p.  678. 

Gives  an  account  of  a  plan  to  combine  railway  cars  and 
motor  trucks  for  the  transportation  of  freight.  Among  the 
advantages  mentioned  are  economy  and  the  convenience  of 
door-to-door  service.  '  Demountable  containers,  loaded  by 
the  shipper,  will  be  transferred  from  the  truck  to  the  rail- 
way car,  from  the  carlo  the  truck  again  and  then  to  their 
nation,  thus  necessitating  the  minimum  of  handling. 
The  container  is  really  a  small-sized  freight  car,  being  u  I 
as  a  substitute  for  the  large  car  on  less-than-carload  ship- 
ments; all  containers  are  on  ball-bearing  wheels  and  the 
largest,  fully  loaded,  can  be  moved  by  one  man. 
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Distinctive 


NEVERLEEK  adds  the  touch  of 
elegance  that  distinguishes  fine 
cars.  Distinctive  in  appearance,  for 
years  it  has  been  the  standard  top  ma- 
terial of  the  leading  automobile  manu- 
facturers and  custom-body  builders. 
Each  year  brings  increased  recognition 
of  its  pre-eminence. 

Its  beautiful  surface  reveals  style 
and  smartness;  rugged  endurance  is 
built  into  the  texture.    Neverleek  holds 


its  cut  and  fit  throughout  the  life  of  the 
car,  and  maintains  its  original  lustre 
and  trimness  under  severest  conditions. 
Blistering  sun  cannot  fade  it  or  crack  it. 
Heavy  windows  cannot  make  it  sag  or 
stretch. 

Neverleeksamples  in  different  grains 
and  with  many  styles  of  linings,  with 
prices,  will  be  sent  to  automobile  manu- 
facturers and  top  and  body  makers 
upon  request. 


WffiM 


TOP  MATERIAL 

Trade  Mark  Bes   U.  S.  Pat.  Off. 

F.  S.  CARR  COMPANY,  31   Beach  Street,  Boston,   Mass.     Branch   Offices,  Detroit,  St.   Louis,  Atlanta 


- 
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Days  are  Consumed  in  Removing  .0002  inch 
From  Atlas  Balls  in  Polishing  and  Burnishing 


AS  EACH  batch  of  Atlas  Balls  go 
l.  to  the  polishing  department  a 
few  sample  balls  are  measured  on 
Minimeters  to  determine  their  exact 
m:c.  In  this  wav  the  amount  of  ma- 
terial —  generally  about  .0002  inch  — 
that  should  be  removed  in  polishing 
is  made  known, permitting  the  length 
o(  the  polishing  operation  to  be  set 
accordingly. 

The  polishing  operation  consists  of 
tumbling  the  balls  very  slowly  but  con- 
tinuously for  from  20  to  40  hours  in 
barrels  containing  Vienna  lime  and 


water.  Upon  being  removed  the  balls 
are  dried  in  saw  dust  and  then  rolled 
for  several  hours  in  wood  tumbling 
barrels  containing  strips  of  soft  kid 
leather  which  give  to  the  balls  their 
exceptionally  brilliant  finish. 

The  finished  balls  which  are  true  in 
size  and  sphericity  to  within  plus  or 
minus  of  1  2  of  1  10,000  inch,  are 
then  surface  inspected  and  gauged. 
Nothing  is  taken  for  granted.  That  is 
one  of  the  reasons  why  Atlas  Balls  are 
noted  for  being  unsurpassed  in  accu- 
racy, quality  and  endurance. 


Huupc*  BRINELL  BALLS  p™» 

Th«  development  of  a  new  ball  for  Brine/I  Testing  Machines — combining 
unijorm  and  greater  hardness  u uh  extreme  accuracy  —  has  been  completed 
Ball'  made  bj  this  process  arc  now  available. 

ATLAS    BALL    COMPANY 

-  Philadelphia 


AIM)  BR  %SS.  UK(  >:•  / 1  . 
Made  Under 

SKF 

■  cnision 


]'JJ3 
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Ball  Bearings  on  Transmissions 

Keep  Gears  in  Proper  Mesh  for  Life  of  Car 


IF  the  bearings  on  the  transmission  wear, 
the  gears  no  longer  mesh  properly  and 
become  noisy  and  inefficient.  Furthermore 
the  gear  teeth  rub  and  grind  upon  each  other 
and  soon  loose  their  proper  shape  with  the 
result  that  no  amount  of  bearing  adjustment 
can  restore  the  worn  gears  to  proper  mesh. 

On  this  motor-truck  transmission  Skayef 
self-aligning  ball  bearings  used  between  the 
shifting  clutch  shaft  and  the  main  drive  shaft 
as  well  as  on  the  counter  shaft  insure  the 
maintenance  of  the  original  accurate  settings 


of  these  parts  for  the  normal  life  of  a  truck. 

Having  an  extremely  small  co-efficient  of 
friction  and  being  made  of  special  alloy  steel 
hardened  uniformly  throughout  this  type  of 
bearing  absorbs  very  little  power  and  devel- 
ops no  discernible  wear. 

Because  of  their  accuracy  and  great  en- 
durance SKF  marked  ball  bearings  are 
particularly  well  adapted  to  use  on  vital  au- 
tomotive parts.  Proper  bearing  selection  is 
insured  through  the  close  co-operation  of 
our  engineers. 


THE    SKAYEF    BALL    BEARING    COMPANY 


1074 


Supervised  by  SKF"  INDUSTRIES,  INC.,  165  Broadway,  New  York  City 


'  Tfte  SELF  ' 
ALIGNING 

BALL 
.  BEARING 


No 


a/  V„ 


Deflected  V;ew 


BALL 

BEARINGS 

The  Highest  Expression 
of  the  Bearing  Principle 


Tin  SOC  i.v\   OF  ilKBERS 
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AimiER  Kent 


SERVICE 


COVERS  THE  CONTINENT 


The  S  gn  of 

Efficient   Si 


THERE  arc  over  600  Atwater  Kent 
Official  Repair  Stations  conveniently 
located  throughout  the  United  States  and 
Canada—  competent  to  render  dependable 
efficient  service  on  Atwater  Kent 
Starting,   Lighting  and   Ignition  Systems. 


Atwater  Kent  Manufacturing  Co. 

■•■!  STENTON  AVENUE,  PHILADELPHIA,  PA. 
^Makers  or 

The  Worlds  Highest  Grade  ignition 
Starting  and  Lighting 
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UPERIOR  motor  quality  and  per- 
O  formance  are  reflected  in  the  steadily 
increased  production  schedules  of  the 
car  and  truck  builders  who  equip 
their  product  with  the  Continental 
Red  Seal. 

CONTINENTAL  MOTORS  CORPORATION 

Detroit        -        Muskegon 

The  largest  exclusive  Motor  Specialists  in  the  world 


thi  riVE  i:n«:im 


DtMmttr.  \$2Z 


AX  L 


S 


It  is  a  significant  fact  that  the  cars  using  Eaton 
Axles  are  among  those  generally  accepted  as 
leaders  in  quality. 

This  simply  means  that  Eaton  standards  are 
identical  with  those  of  the  leading  fine  car 
manufacturers. 

Correct  design,  careful  selection  of  materials 
and  extraordinary  precision  in  manufacture, 
make  certain  that  every  Eaton  Axle  embodies 
the  full  efficiency  of  whatever  type  it  represents 
— bevel  gear,  worm  gear  or  double  reduction. 

Ask  the  builders  of  America's  finest  cars. 


An  EATON 


PRODUCT 


Eaton  A>x<le 


p° 
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SPRINGS 

Intelligent  co-operation — both  in  engineering 
and  production — with  car  and  truck  manufac- 
turers, is  one  of  the  reasons  for  the  "Perfection" 
reputation. 

Our  experience  of  seventeen  years  in  working 
out  the  practical  problems  of  spring  suspension 
has  been  of  untold  value  to  our  customers. 

And  in  the  actual  making  of  the  springs,  our 
knowledge  of  steel  and  of  heat  treatment,  our 
insistence  on  a  uniformly  good  product,  and 
our  willingness  to  give  extraordinary  service 
when  necessary,  are  mighty  good  reasons  for 
car  and  truck  builders  preferring  "Perfection." 


An  EATON 


PRODUCT 


Com  painit 


AY  A* 


Cleveland 


THK  JOURNAL  OF  T11K  SOCIKTY   OF  MJTOMOTI\  E   I  A 


Decembn  . 


Your  Triumph 


The  car  specifications  are  the  evidence  of  your  triumph  in 
engineering  accomplishment. 

Every  part  of  that  car  is  the  result  of  thought  and  study  on 
your  part.  More  than  anyone  else  in  your  company,  you 
appreciate  the  full  importance  of  ei  cry  detail  of  its  mechan- 
ical construction  and  the  advisability  of  listing  all  vital  parts 
in  the  printed  specifications. 

Automotive  engineers  readily  admit  that  the  ignition,  start- 
ing and  lighting  cables  comprise  a  vital  unit. 

Main  are  recommending  that  Packard  Cable  be  a  part  of 
the  printed  specifications. 


Jfafs? 


w  \mu;v  OHIO 

MANUFACTURERS      <>  I        PACKARD      A  I    I  "  MOTIVE     CABLES 
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Send  Us  Your  Blueprints 
and  Specifications 


.„  pron"e  t,°  - 
Johnson  »r  ti 

Newcastle, 


,    t0  have  nhoto^f  oar 

It  "^y  **   :  stocK  Dueseti^  that  f r°     hout 


■SsSpS^9  ^  wiiCh  mad »  for  oil.  e» 

tinuous  test,  t0  c0,p_t         ^^ 

p,  driers.  _  „«sihle  f'r   _OBd  of  6-bJlk„se 


CI 


wW>li*  «•*  tM  dis- 

.inuous  test,  ^  t0  c0,p_r         mlles 

.,  dr\«rs.  ^ssiole  "°I   ST,eed  of  *"■■       nese 

This  n"**1'^  »*eraf  Juelli««  than  t 

twice  i»  50j£e  test  «»»  *^e  fir5t  n1^*  an  extent  th        ^x.. 
T**  ^/Woate  *eo^e   ^  doWn  to  s^  from  «£  fot  the  W* 

°cf6edinB  Tn  oSer  to  »^aW 

vours-ry  c0..  0*. 

=  Bicker, 
Cn9St8 General  Uanage'- 


OSRsSTI 

End- 


JOHNSON  BRONZE  CO.      New  Castle.  Pa. 


BUSHINGS 


BEARINGS 


THK  .      i  r.N  a  I.  OF  THE  SOCIET^ 


/>t(-('tni»f  '  ,    tf] 


Four-Wheel  or 
Two  -Wheel 

Whichever  way  your  brake 
decision  may  go,  there's  a  selling 
job  to  be  done  on  car-owners 
and  car-dealers.  They'll  want 
to  know  why. 

We  believe  it  will  be  helpful 
to  have  the  name  and  reputation 
of  Timken  as  well  as  your  own 
good  name  back  of  that  next  set 
of  axles. 

For  "Timken"  has  always  stood 
for  safe  and  reliable  brake  action 
with  the  car  owners  of  America. 


THE  TIMKEN-DETROIT  AXLE  COMPANY,  DETROIT,  MICH. 

Sole  Representatives  in  the  British  Isles: 
AUTOMOTIVE    PRODUCTS  COMPANY,  3,  Bemers  Street.  London,  W.   1. 


No  new  chassis  fea- 
ture ever  doiwrr!"1 
more  intelligent  dV sign- 
ing, construction  and 
installation  than  do 
four  wheel  brake* — to 
assure    safe    operation. 
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BAKELITE  solves 
a  precision  assembly  problem 
for  ARROW-LITE 

Only  1  s/%  inches  in  diameter,  and  with  four 
separate  electrical  contacts  to  be  provided  for, 
this  Arrow-Lite  Signal  Switch  presented  a 
difficult  manufacturing  and  assembly  problem. 

How  completely  Bakelite  molded  parts  met  the  re- 
quirements is  clearly  shown  in  the  photographs 
above. 

1.  Base,  molded  with  finished  flanged  hole  for  electri- 
cal conductors,  and  with  sharp,  clean-cut  lettering. 

2.  Contact  Block,  molded  with  five  metal  contacts 
permanently  embedded. 

3.  Cap,  molded  with  lettering  in  sharp  relief  and  with 
metal  inserts  for  assembly  screws. 

4.  Thumb  Switch,  with  molded  tip. 

5.  Complete  Arrow-Lite  Switch,  an  assembly  of  four 
Bakelite  molded  parts  that  snap  together  with 
"Watchcase"'  precision. 

The  adoption  of  Bakelite  molded  parts  is  simplify- 
ing design,  reducing  assembly  costs,  and  improving 
quality,  for  many  manufacturers. 

Engineers,  designers  and  production  managers  are 
cordially  invited  to  enlist  the  cooperation  of  our  re- 
search departments. 


Four  Bakelite 
molded  parts  are 
also  used  in  the 
Arrow-Lite  Au- 
tomatic switch, 
which  is  oper- 
ated by  the 
brake  and  clutch 
pedals. 


BAKELITE    CORPORATION 

247  Park  Avenue,  New  York,  N.  Y. 

Plants 
Perth  Amboy,  N.  J.  636  W.  22d  St.,  Chicago,  111. 

Bloomfield,  New  Jersey  Painesville,  Ohio 


BAKELITE 

Condensite 

RgDMANOL 

are    the    registered 
Trade    Marks    for     the 

Phenol    Resin 
Products 

manufactured    under 
patents    owned    by 

BAKELITE     CORPORATION 


THE   MATERIAL  OF  A  THOUSAND   USES 


IXAL  OP  TH       -  >    OF    AUTOMOTIVE   ENGINEERS 
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Remarkable  Effect  Of 

400  Oxvar  Body  Enamelling' 

Shown  Hy  W)od  Test 


OLD  IDEAS  of  body  finishing     frame  from  harm.  The  several  large 
have  been  thoroughly  upset     manufacturers  who  have  adopted 


by  the  Oxvar 
Method.  By  it,  a 
wood -frame  body 
is  given  3  to  5 
coats  of  enamel  at 
400  in  41 2  to  7% 
hours  at  less  than 
%  former  finishing 
costs. 

Perhaps  the  most 
vital  and  discussed 
feature  of  this  sur- 
prising  method 
is  our  unique  way 
of  protecting  the 


Oxvar  even  count 
upon  positive 
improvement  — 
greater  frame 
strength — and  the 
permanent  sealing 
of  the  pores  so 
that  absorption  or 
loss  of  moisture 
is  prevented. 

As  additional 
proof  of  these  re- 
markable benefits 
we  submit  here- 
with  the   report 


wood  frame  from  such  high  heat. 

The  success  of  tens  of  thousands  of 
Oxvar  finish  bodies  produced  in  the 
past  31 2  years  indicates,  at  least,  that 
Oxvar  Wood  Cement  protects  the 

5  5  5  j  a  g  5  j  |  j  |  it  1 1  |  |  5  n  m)  »  »  |  »  »  »  ))  5  )) )) )) ))  |  »  g  a  »  Jl 


of  the  Detroit  Testing  Laboratory. 

OXVAR 

OXFORD  VARNISH  CORPORATION 


SMain  Office: 
Empire  Building.  Detroit 


<Plant: 
Toledo,  Ohio 
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ESTABLISHED     1903 


The  Detroit  Testing  Lab  oratory 


3726    WOODWARD    AVENUE 


Detroit,  Mich. 


November  17,    1923. 


Oxford  Varnish  Corporation, 
Detroit,  Michigan. 

Ltlemen:- 

Jjaave  conducted  an  investigation  of  your  "Oxvar" 
^■e^tment  and  submit  our  report  as' follows: 

Test  pieces"^^gTfinished  to  about  1"  x  1-3/4"  x 
14",  were  prepared  from  k^^^^^d  Eirch,  ^'.aple,  and  White  Ash. 
All  tests  were  made  in  triplica^^^^^hat  averages  could  be  ob- 
tained.  Static  bending  tests  were  i^B^^on  sanples  as  received 
and  after  the  "Oxvar"  treatment,  reading^||^^ng  taken  of  maxi- 
mum load,  and  deflection  at  first  failure!  ^^ch  case. 

The  "Oxvar"  treatment  was  carried  out  l^^iflur  labor- 
atory, under  our  supervision,  to  simulate  in  every  re^||^t 
your  stand^^^^||HBBBBH||^g|teH^^^^^utor.o'ril"  fra^^ar.d 
sub^^^^^^namelling  of  bodies^neax^^^WB^^fcl^t_Ep  a  ns 
;emperature  of  400  degrees  Fahrenheit. 

Results  of  Bending  Tests . 


Maximum  Load 
Mo. Treatment  Treated 


Deflection 
Ho  Treatment    Treated 


Birch 
Maple 
Ash 


ldac 


3,198  lbs. 
3,306   " 
2,333   " 


3,442  lbs. 
3,655   " 
2,530   " 


0.300  inch 
0.260    " 
0.2B0    " 


0.225  inch 
0.240   " 
0.245    " 


Samples  placed  on  edge,  12  inches  between  supporj 
in  center. 


In  our  opiniof^^fJH^^PB^^WlKH^Havantage  of  your 
treatment  is  that  the  pores  of  the  wood  are  so  sealed  that  ab- 
sorption of  moisture,  with  consequent  swelling  or  warpage,  is. 
practically  impossible. 

Yours  very  truly, 

THE  DETROIT  TESTING  LABORATORY. 


Cl.S  /iilB 


Per 


c 


aZt^ 
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Economy 
Accuracy 

Service 


0ne  part  of  a 
motor  car  for 
which  there  is 
no  substitute 
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Features  of  New 
Stewart  Curtain  Light 

The  inside  frame  is  black  enamel  steel  stamp- 
ing designed  to  obtain  the  greatest  possible 
strength,  yet  with  sufficient  flexibility  to  per- 
mit the  insertion  of  glass  of  varying  thickness. 

The  outside  frame  is  an  aluminum  die  cast- 
ing, highly  polished. 

Live  rubber  tubing  is  cemented  in  the  groove 
around  the  outside  edge  of  the  frame.  The  cur- 
tain fabric  is  pressed  tightly  against  this  live 
rubber,  insuring  a  firm  and  permanent  grip 
which  prevents  leakage. 

Live  rubber  tubing  is  cemented  in  the  groove 
around  the  inside  edge  of  the  frame,  providing 
a  cushion  for  the  glass  to  prevent  breakage  and 
leakage.  Theglass  cannot  touch  the  metal  frame. 

The  curtain  fabric  is  trimmed  inside  of  the 
frame,  making  the  assembly  very  easy. 

The  nickel-plated  steel  screw  is  pointed  to 
pierce  the  fabric  where  the  frame  is  assembled. 

Either  beveled  edge  or  plain  crystal  glass  can 
be  used. 


Announcing  to  Automobile  Manufacturers 

A  New  Stewart  Curtain  Light 

at  competitive  prices 


This  new  Stewart  Curtain  Light  is  made 
to  order  for  manufacturers  who  know  that 
the  good  will  of  the  purchaser  depends  upon 
entire  satisfaction  with  every  detail  and 
appointment  of  the  motor  car. 

The  Rain-proof,  Rattle-proof,  Rust-proof 
features,  which  last  longer  than  the  car  itself, 
are  now  available  at  the  same  price  you  pay 
for  ordinary  curtain  lights. 

There  is  no  secret  about  the  manufacturing 
process  that  accomplishes  this  economy.  The 


STEWART    MANUFACTURING    CORPORATION 

4535  Fullerton  Avenue  Chicago,  Illinois 


inside  frame  is  an  enameled  steel  stamping. 
The  outside  our  usual  die  cast  aluminum 
frame.  Its  design  combines  great  strength  with 
sufficient  flexibility  to  permit  the  use  of  either 
bevel  or  plain  glass  of  varying  thickness. 

We  experience  great  satisfaction  in  uncov- 
ering this  source  of  economy  and  providing 
Stewart  Curtain  Light  advantages  for  manu- 
facturers at  such  remarkably  low  prices.  We 
are  prepared  to  design  and  produce  this  new 
curtain  light  in  accordance  with  your  specifi- 
cations and  requirements. 


«? 


Curtain 
Lights 


T,U  \  \|    «'F  THK  SOCIBT1   OP  AUTOMOTIVE   ENQ1N1 
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TO  CAR  MANUFACTURERS: 

Was  your  closed- 
body  builder  this 
year  as  depend- 
able a  source  of 
supply  as  you 
could  wish? 


Clip  out  this  question 
and  post  it  up  where  it 
will  do  the  most  good. 


P 


ERHAPS  the  most  difficult  way  to  make 
money  in  the  automotive  industry  is  in  the 
building  of  closed  bodies  — and  many  have 
come  to  grief  trying  it !  The  fact  that  Raulang 
has  made  money  and  does  make  money  is. 
in  itself,  evidence  of  Raulang  ability  to  produce 
good  bodies  at  satisfactory  prices  and  in  suf- 
ficient quantities.  Every  Raulang  contract  is 
Dacked  by  $4,000,000  capital  and  surplus.  Also 
by  a  successful  service  to  the  industry  that 
dates  from  the  earliest  days,  and  consists  of 
notable  body  designing  as  well  as  efficient^ 
body  manufacturing.  Present  expansion  plans 
will  make  room  for  a  limited  amount  of  addition^ 
al  business.  Why  not  avoid  grief  in  1924  by 
making  certain  — in  advance  —  of  the  stability 
and  permanence  of  your  body  builder  ? 

RAULANG         BODY        DIVISION 

The  Baker  Ro-LCo. 

CLEVELAND,    OHIO.  U.S.A. 
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Don't  blame  the  winder 


THE  coil  winder  often  has 
to  force  the  last  turn  of 
magnet  wire  into  place  and 
hammer  down  the  bulges.  He 
takes  extra  time  for  this — 
time  that  you  are  paying  for. 
He  sends  up  the  cost  of  the 
winding.  He  also  swells  your 
volume  of  rejected  windings. 

But  it  isn't  the  winder's 
fault.  If  the  wire  is  uneven 
and  lumpy,  the  specified  num- 
ber of  turns  won't  always  go 
in  the  space.  He  must  do  the 
best  he  can,  even  though  he 
does  risk  spoiling  the  job. 

There  is  a  way  to  cut  down 
this  waste.  You  can  get  a 
magnet  wire  that  lines  up, 
foot  after  foot,  mile  after  mile, 
uniform  in  diameter — a  wire 
that  "goes  in  the  space." 


goes    in    the 


Acme  Wire 
space"  because  it  is  uniform, 
free  from  lumps,  bare-  spots, 
and  imperfections  of  all  kinds. 
The  last  turn  always  tails 
snugly  into  place.  Its  smooth, 
unvarying  coat  of  insulation 
is  of  high  dielectric  strength. 

Acme  Wire  has  cut  winding 
costs  in  many  cases.  With  it 
the  operator  turns  out  not 
only  more  coils,  but  more  that 
pass  inspection.  He  winds  coils 
that  stay  on  the  job  for  years. 

Find  out  for  yourself  how 
and  why  Acme  Wire  can  trim 
down  your  winding  costs  and 
boost  your  percentage  of  per- 
fect windings.  A  postcard  will 
bring  our  descriptive  litera- 
ture to  your  desk  without  ob- 
ligation. 


THE  ACME  WIRE  CO.,  New  Haven,  Conn. 

NEW  YORK  CLEVELAND  CHICAGO 


AcmeWire 

It  goes  in  the  space 


Some  Users  of 
Acme  Magnet  Wire 

Atwater  Kent  Mfg.  Co. 
Azor  Motor  Mfg.  Co. 
Century  Electric  Co. 
Dayton  Engineering  Laborato- 
ries Co. 
Delco -Light  Co. 
Diehl  Mfg.  Co. 
Domestic  Electric  Co. 
Eisemann  Magneto  Corporation 
Electric  Auto-Lite  Corp. 
Electric  Specialty  Co. 
Electrical  Products  Mfg.  Co. 
Eureka  Vacuum  Cleaner  Co. 
Ford  Motor  Co. 
Gray  &  Davis,  Inc. 
Hamilton  Eeach  Mfg.  Co. 
Holtzer-  Cabot  Electric  Co. 
Hoover  Suction  Sweeper  Co. 
Klaxon  Co. 
Robbins  &  Myers  Co. 
Sangamo  Electric  Co. 
Sunlight  Elec.  Mfg.  Co. 
U.  S.  Auto  Supply  Co. 
Wagner  Electric  Corporation 
Western  Cartridge  Co. 
Westinghouse  Elec.  &  Mfg.  Co. 


Acme  Wire  Products 

"Enamelite,"  plain  enameled 
Magnet  Wire;  "Cottonite," 
Cotton-covered  Enamelite; 
"Silkenite,"  Silk-covered 
Enamelite;  Single  and  Double 
Cotton  Magnet  Wire;  Single  and 
Double  Silk  Magnet  Wire.  We 
also  have  a  complete  organiza- 
tion for  the  winding  of  coils  in 
large  production  quantities. 


Acme  Varnished  Insulations 

Varnished  Cambrics,  Silks  and 
Papers.  Varnished  Tapes  in  rolls; 
straight  or  bias.  Varnished  Tub- 
ing (Spaghetti). 


Acme  Radio  Specialties 

Audio  Transformer  windings. 

Radio  Frequency  windings. 

Magnet  windings  for  Head 
Sets. 

Enameled  wire — especially  the 
finest  sizes,  40-44  B  &  S  gauge. 

Silk  and  cotton-covered  mag- 
net wire. 

Enameled  Aerial  wire — single 
wire  and  stranded. 

Illustrated  Catalog  on  re- 
quest to  Engineers,  Purchas- 
ing Agents,  Executives  and 
Operators. 
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TWO  STEELS  THAT  WILL 
SOLVE  YOUR  HOT  DIE  PROBLEMS 


This     catalnq     will 
■  i     preliminary 

■ 
leel  prob- 
lems. 


Atlas  Hot  Die  is  offered  for 
your    severest    conditions   of    hot 

die  service.  You  require  in  such 
cases  a  red-hardness  practically 
equal  to  that  of  high  speed  steel, 
yet  the  steel  must  be  tougher  than 
high  speed  and  must  not  show 
checks  when  heated  and  cooled  re- 
peatedly. Atlas  Hot  Die  is  de- 
signed for  such  service. 

For  less  severe  conditions, 
economy  may  sometimes  be  ef- 
fected by  the  use  of  Chrome  Die. 
This  steel  has  a  degree  of  red- 
hardness  adequate  for  milder 
service,  and  sometimes  offers 
greater  initial  hardness  where 
that  is  desirable. 

We  are  anxious  to  confer  with 
\')u  on  your  hot-die  problems. 

High  s  peril  Sleds  Carbon  Tool  Steels  Alloy  Tool  Steels 

.lui  teels  Die  Steels  Special  Analysis  St, 

Cold  Drawn  Products  n  and  High  .S/vi*</  Drill 

THE  ATLAS  STEEL  CORPORATION 

ESAL  OF)  Dl    -.KIRK,   N.   V. 

Plant         ]><      KIKK.   X.   V.     ChaXLEBOT,   I'a.     WELLAND,  ONT. 

District  Sales  OMces:   New  York     Boston     Philadelphia 

Buffalo      Pittsburgh      Atlanta      Indianapolis      L  leveland      Petroit 
Chii  St.  I  Syra 

Warehouses:   Dunkirk,  .V.  )'.    Charleroi,  Pa.     Boston    Detroit 
Chi,  Wetland.  Ont. 


ATLAS  FINE  STEELS 

^ST-anasgaEaraEanEaiiEai 
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Complete 
Differential  Units 

Excess  capacity  will  permit  us  to  take  care  of  one 
or  two  more  customers  for  "Van  Dorn"  Com- 
plete Differential  Units.  Let  us  check  with  you 
on  your  requirements. 

The  Van  Dorn  &l  Dutton  Company 

Gear  Craftsmen  for  over  a  Quarter  Century 

Cleveland,  Ohio 


V'i'o. 


Gears 


.« 
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y{  new  and  better  principle 
in  Vacuum  ^uel  cyeed* 


Oil -Vac,  the  Kingston  Vacuum  Fuel  Feeding  System,  does 
away  entirely  with  the  intake  manifold  as  a  suction  source, 
utilizing  instead  the  suction  produced  by  the  proper  proportion- 
ing of  the  oil  circulating  pump. 

With  Oil- Vac  there  is  certainty  of  increased  suction  with 
increased  engine  speed.  When  the  greatest  amount  of  fuel  is 
needed,  as  in  the  case  of  long  grades  or  at  high  speeds,  the  greatest 
amount  is  actually  being  delivered  to  the  motor. 

With  Oil-  Vac  disturbance  of  carburetion  is  at  a  minimum, 
and  crank  case  dilution  is  lessened  to  a  marked  degree.  Oil  runs 
cooler  and  lubrication  is  more  efficient 

Automotive  engineers  generally  are  taking  a  deep  interest  in 
this  new  principle  in  vacuum  fuel  feed  A  number  of  leading 
manufacturers  have  already  adopted  Oil-  Vac  as  standard  equip- 
ment and  many  others  are  investigating  its  merits.  A  line  to 
the  manufacturers  will  bring  complete  information. 


§ 


E^x 


No  Oil 
No  Vac 
No  Gas 


With  Oil-  Vac  the  vacuum  ceases 
when  the  oil  supply  becomes  ex- 
hausted. No  motor  should  run 
without  oil,  and  no  motor  can  run 
without  oil  for  long  without  serious 
damage.  This  is  one  added  feature 
of  importance  with  Oil-Vac,  a 
factor  of  safety  that  is  worthy  of 
consideration. 

Send  for  the  Oil-  Vac  Booklet 


«5J&i 


^> 


BYRNE. KINGSTON  &C0.  KOKOMO. INDIANA. USA 
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Needs  No 
Adjustment 

The  design  of  the  Long  Clutch  is 
such  that  its  silent,  smooth  and  easy 
operation  will  continue  indefinitely 
without  need  of  attention  or  adjust- 
ment. 

Moreover,  gears  synchronize  so 
quickly  that  you  can  shift  from  high 
to  second  at  any  speed. 


LONG  MANUFACTURING  COMPANY 

DETROIT,  ....  MICHIGAN 


WW>  #wf 


LONG  PRODUCTS  —  RADIATORS  AND  CLUTCHES 
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Performed  100%  In  Severe  Test 


Rushing  through  space  at  an  average 
speed  of  62.63  miles,  and  at  times  exceed- 
ing 75  miles,  per  hour  over  a  3,155  mile 
course  without  stop  subjects  bearings  to  a 
strain  that  would  never  be  demanded 
under  ordinary  conditions  of  driving. 

Mogul  Alloy  Genuine  bearing  metal  was 
used  in  the  stock  Duesenberg  straight  eight 
five-passenger  touring  car  non-stop  run  on 
the  Indianapolis  Speedway,  April  27,  under 
the  direction  of  the  A.  A.  A.,  a  distance 
equal  to  that  between  New  York  and 
Los  Angeles  being  covered  in  50  hrs.,  21 
min.,  I  sec. 

After  this  test  run  the  engine  was  torn 
down  under  the  supervision  of  the  official 
observers  of  the  A.  A.  A.,  with  the  result 
shown  in  the  following  letter  to  this 
company: 


"/  know  you  will  be 
particularly  interested 
in  knowing  that  your 
parts  performed  100% 
during  this  test. 


>  * 


Signed 

DUESENBERG    AUTOMOBILE 
8.  MOTORS  CO..   INC. 

Chester  S.  Richer,   General  Manager 


MUZZY-LYON  COMPANY 
Detroit,  Michigan 


Hlocuif 

Engine  Bearings  and  Bearing  Alloys 
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GEARS 


THERE  is  move  to  forging  a 
gear  blank  than  simply  mak- 
ing a  forging. 

In  the  enlarged  section  the  grain 
flow  of  the  metal  is  from  the  cen- 
ter, the  fibres  being  bent  back 
upon  themselves,  and  in  the  fin- 
ished gear  are  at  all  points  perpen- 
dicular to  the  forces  applied  to  the 
gear  teeth. 

The  section  of  gear  shown  is  not 
the  result  of  an  ordinary  upset 
operation,  yet  has  all  the  desirable 
advantages  of  such  method,  with 
the  added  feature  of  extreme  re- 
finement of  the  tooth  portion 
around  the  entire  periphery. 

Also  in  the  use  of  this  method  it 
has  been  found  that  it  is  not  neces- 
sary to  require  as  high  temper- 
atures to  forge  as  for  the  old- 
fashioned  procedure. 

In  final  heat  treatment  of  the  fin- 
ished gears  less  distortion  results. 
Comparative  tests  show  that  the 
weakest  teeth  by  our  improved 
method  of  forging  are  twice  as 
strong  as  the  weakest  teeth  of  for- 
mer ways  of  forging  blanks. 

In  other  words,  our  customers  are 
receiving  twice  as  much  strength 
combined  with  increased  uni- 
formity than  heretofore.  All  we 
ask  is  an  investigation,  and  you, 
too,  will  be  convinced  to  use  gear 
blanks  produced  by  our  improved 
method  of  forging. 


MADE  BY 

CANTON  DROP  FORGING  &  MFG.  COMPANY,   CANTON,  OHIO 
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OT  SERVICE 


Manufacturers  who  endeavor  to  build  longer  and  more 
dependable  service  into  their  cars,  trucks  and  tractors,  will 
be  interested  in  the  DOT  and  the  service  it  offers. 

The  DOT  System  gives  thorough  positive  lubrication  to 
the  chassis  as  efficiently  as  the  lubricating  system  used  for 
the  motor.  In  a  few  years  it  has  won  national  recognition 
and  national  distribution,  solely  upon  its  merits. 

Leading  engineers  who  have  tested  it  are  enthusiastic,  and 
69  manufacturers  of  cars,  trucks  and  tractors  have  already 
adopted  it  as  standard  equipment.  It  has  been  tested  and 
adopted  by  the  L\  S.  War  Department  and  is  used  as 
lubricating  equipment  for  industrial  machinery  in  more 
than  100  leading  American  industries. 


CARR  FASTENER  COMPANY 
31  Ames  Street  Cambridge,  Mass. 


Get    the    "Hindy    Service    KU"    and    (Ira 

service  to  the  many  DOT  Owner*   In  your 

town.      It    brings    new    business.      Let    ui    send    you    the 

neme  of  our  Jobber,  or  If  you  prefer,  fend  us  the  Dime  of 

the  Jobber  you  deil  with. 


Exclusive    DOT    Features 

1 — Progressive  pressure  from  1  to  3,000 
pounds.  Forces  out  spent  grease  and 
forces    In    fresh    lubricant. 

2 — Direct  connection — no  tubes.  Can  be 
operated    entirely    with    one    hand. 

Automatic  valve  retains  lubricant  with- 
out  turning  back  handle  to  relieve 
pressure.  Cannot  leak.  Handles  oil  as 
well  as  grease  or  kerosene  for  flushing 
bearing. 

4 — Sturdy  steel  nipples  bring  all 
parts  within  easy  reach.  Bronze 
nipples   for   marine   use. 

5 — Lubricates  entire  chassis  in  13 
minutes  or  less.  (Fords  in  six 
minutes.) 
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The  DOT  Lubricator  is  thoroughly  protected 
by  allowed  claims  of  pending  patent  appli- 
cations. 


D 


USED  BY  THE  UNITED  STATES 

Government  —  War  Departmi 
and 
More  than  100  Industrie^ 

I 

f^^  Am. 'iti.it 1 1 
S*  #     */    "    Company 

jC-X&Mg  Works 


•  •y 


•  • 
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•V 
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^lidated  Gas 

anamaker 

ubber  Co. 

Goodrich  Co. 

t. 

HI  Co. 


The  above  map  shows  the  distributing  centers  of  the  DOT. 
Leading  jobbers  and  distributors — strategically  located  in  the 
largest  cities  in  America — cover  every  trading  area,  securing 
DOT  Sales  and  Service  through  their  thousands  of  dealers 
everywhere. 

Manufacturers  who  have  standardized  on  the  DOT  System. 
motorists  and  fleet  owners  who  have  installed  it,  are,  therefore, 
assured  of  efficient  service  and  easily  available  supplies. 

Special  DOT  representatives  are  always  within  easy  reach  to 
help  you  solve  your  lubricating  problems  either  in  the  auto- 
motive or  industrial  field.  An  interview  may  save  you  costly 
losses  in  depreciation,  repairs  and  production  delays,  which 
mav  be  due  entirelv  to  faultv  methods  of  lubrication. 


"MAKERS  OF  THE  'DOT*  LINE  OF  FASTENERS" 

Used   by    more   than   90%    of    the   automobile    manufacturers    in 
America  and  the  majority  of  manufacturers  abroad. 


One  of  the  special  fea- 
tures of  DOT  Sen-ice  Is 
the  installation  of  equip- 
ment to  suit  every  lubri- 
cating need.  The  Handy 
"Knapsack"  container 
and  gun  to  be  carried  on 
the  shoulders  are  here 
shown.  Other  time-sav- 
ing arrangements  are  de- 
vised to  meet  your  re- 
quirements. 


'-> 


Brancn  Offices: 


40    Selden   Ave. 
Detroit 


4  7    W.    34th    St. 
New     York     City 


Monaiinock    Bldg. 
San     Francisco 


Gage    Ave.    &    Beach 
RJ. 

Hamilton.  Ont., 
Canada 


high  pressure 
LUBRICATOR 
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Write  Today  for  These  Three  Bulletins 
on  the  Hyatt  New  Series  Roller  Bearing 

Every  automotive  executive,  engineer  and  draftsman  should  have 
in  his  possession  copies  of  these  three  bulletins  on  the  Hyatt  New 
Series  Bearing.  This  conveniently  bound  information  is  practically 
indispensable  for  those  responsible  for  bearing  applications. 

The  bulletins  consist  of  "Data  Sheets  on  Bearings  for  Motor  Cars 
and  Trucks"  "Design  Sheets  on  Transmissions  for  Passenger 
Cars"     "Design  Sheets  on  Axles  for  Passenger  Cars." 

These  three  bulletins  will  be  gladly  forwarded  upon  request.  In 
order  to  have  your  data  files  complete,  write  for  these  bulletins  today. 

HYATT  ROLLER  BEARING  COMPANY 

Newark  Detroit  Chicago  San  Francisco 

Worcester         Milwaukee        Huntington,  W.  Va.         Minneapolis        Philadelphia 

Cleveland  Pittsburgh  Buffalo  Indianapolis 

HYATT 

Quiet 

Roller  Bearings 
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The  National  Acme  Cd 
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Protect  Your 

Schedules 

Suppose  the  above  hardened  and 
ground,  close  tolerance  job  is  yours. 
You  have  output  schedules  to  meet. 
The  parts  come  in  on  the  date 
promised  and  go  to  your  assembly. 
In  rushes  one  of  your  inspectors — 
and  somewhere  down  the  line  of 
manufacture  something  has  hap- 
pened. 

Of  course,  the  maker  will  replace  the  part 
if  he  is  wrong,  he  will  make  the  job  over  in 
part  or  whole,  he  will  allow  you  credit — 
anything  to  make  good.  But  whatever  he 
does,  if  the  parts  were  not  right  the  first 
time,  then  both  you  and  he  are  in  for  a  loss, 
your  manufacturing  schedule  is  upset  and 
you  are  out  of  luck. 

Whether  simple  or  complex,  your  milled 
parts  should  be  made  by  specialized  methods 
interpreted  by  men  who  know  your  require- 
ments. Of  such  is  NAM  CO  Service  made  up. 
Send  samples  up  to  4"  and  we  will  prove  it. 


CLEVELAND.  O 


in 


NEW  YORK  •  CHICAGO  »  DETROIT  ▼    BUFFALO  \w  BOSTON 
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Everu  Driver  Desires 
Easu  Steering 

Owner  satisfaction  depends  in  very  great  measure  on  the  physical 
effort  required  to  handle  the  car.  The  only  point  of  constant 
application  of  physical  effort  is  the  steering  wheel.  The  easier 
the  car  steers,  the  less  physical  effort,  and  logically  increased 
pleasure  in  driving. 

The  eaty  steering  and  the  powerful  and  easy  control  provided  under  all  road  con- 
ditions by  the  new  Koss  cam  and  lever  •leering  gear  arouse*  the  keenest  enthusiasm 
on  the  part  of  every  driver.  In  straight-away  driving,  the  gear  is  so  irreversible 
that  practically  all  road  shock  is  eliminated.  In  turning,  the  variable  pitch  of  the 
cam  develops  a  unique  accelerated  action  which  facilitates  quick  and  easy  control 
— a  feature  which  appeals  to  every  driver  when  backing  into  flat-to-thc-curb  park- 
ing position. 

I  •  mttat  ■  ur  manufacture  r  :h;  :  inttTttltd  in  in- 
.•mg  owner  satisfaction  should  investigate  the  easy 
ring  of  this  new  gear.      I •till  information  M  ri  quest. 

Ross    Gear.   £-Tool  Com  PAN-yO 

730  Head*  St,         Lafayette,  Indiana.  U.S.A. 

Ross  Steering  Gears 


StoeringGoars 

Jor 

PassongprCars 

Motor  Busos 

Motor  Trucks 

Fire  Trucks 

and 

Tractors 


POWER- SAFETY-  RELIABILITY 


and  EASY  STEERING 
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A  Shock  Absorber  that  does  Not 
Stiffen  the  Springs 

Most  Engineers  agree  that  the  ideal  method  of  securing  ease  of  riding  is  to 
control  the  energy  of  compression  as  well  as  to  check  rebound  as  this  is  the  only 
way  of  taking  the  peak  off  both  ends  of  the  spring  vibration. 

A  wave-like  motion  imparted  to  the  body  gives  maximum  comfort.  This  re- 
sult cannot  be  secured  by  any  one-way  rebound  checking  device  as  the  peak  or 
jolt  of  compression  is  often  as  disagreeable  as  the  rebound. 

Heretofore  all  devices  that  checked  compression  had  a  decided  stiffening 
effect  on  the  flexing  of  the  spring,  but  now  for  the  first  time  since  the  beginning 
of  the  industry  a  simple  strong  and  efficient  device  has  been  perfected  that  by  an 
entirely  new  principle : 


FIRST: 
SECOND: 


THIRD: 


Softens  the  springs  on  small  bumps. 

After  passing  the  period  of  softening  action  automatically 
changes  into  an  increasing  frictional  resistance  to  further  com- 
pression, thereby  preventing  some  of  the  forces  of  rebound  being 
stored  in  the  spring. 

On  the  rebound  they  again  automatically  change  into  the  best 
method  of  checking  the  rebound  forces  still  left  in  the  springs. 


The  Blackmore  Triple  Acting  Shock  Absorbers  do  these  three  things,  and 
therefore  give  a  superior  result  to  that  offered  by  any  device  that  only  acts  on  re- 
bound forces. 

Four  wheel  brakes  are  now  considered  necessary  for  a  modern  car.  Bumpers, 
windshield  wings,  trunks,  special  tops  and  paint  are  also  considered  necessary  on 
many  sport  models.  The  riding  public  is  also  demanding  greater  comfort,  which 
cannot  be  secured  by  uncontrolled  longer  springs  or  by  devices  that  only  check 
rebound.  We  offer  you  an  opportunity  to  experiment  with  the  newest  and  most 
improved  device  for  easy  riding,  so  you  can  provide  this  comfort  to  your  future 
owners.     An  ideal  device  for  use  with  balloon  tires. 

THE  CHARLES  C.  BLACKMORE  COMPANY 

1017  East  Fifth  Street,  Dayton,  Ohio 


THt  IS  \l.  OF  THE  SOCIETY   OF    u    rOMOTIVE   KN 
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Engineers  and  other  interested  Officials 
of  the  Automotive  Industry  are  cordially 
invited  to  visit  Westinghouse  Headquarters 
during  Automobile  Show  week,  where,  avail- 
able for  inspection,  will  be  found  Starting, 
Lighting  and  Ignition  Apparatus  embodying 
many  new  developments  and  innovations. 
Remember  the   Place 


Westinghouse 
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11  ^"OST  of  the  successful  motor  car  and 
•*•■*•  truck  manufacturers  are  known  to  be 
discriminating  in  the  extreme,  when  select- 
ing those  units  which  they  purchase  outside 
their  factories.  As  an  interesting  coincidence: 
Brown-Lipe-Chapin  products  almost  in- 
variably appear  in  their  specifications. 

Manufactured  at  Syracuse,  N.  Y. 

BROWN-LIPE-CHAPIN 

DIFFERENTIALS  -BEVEL  DRIVE  GEARS 


mm 
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'Battery   for,  cars 


The  extent  to  which  Prest-O-Lite  hatteries  are  used  as  original  equipment  in 
automobiles  is  partly  due  to  the  reputation  which  this  organization  has  built 
up  through  years  of  honest  dealings  with  the  public — partly  due  to  satisfac- 
tion which  a  good  battery  can  add  to  ownership  of  any  car — and  partly  due 
to  the  immense  facilities  of  this  organization  for  giving  service  to  the  manu- 
facturers who  use  its  products.  All  these  are  reasons  which  any  manufacturer 
should  consider  favorably  in  choosing  equipment  for  his  car. 

THE  PREST-O-LITE  COMPANY,  Inc.,  Indianapolis,  Indiana 

New  York  Office:  30  East  42nd  Street  Pacific  Coast  Office:  599  Eighth  Street,  San  Francisco 

In  Canada:  Prest-O-Lite  Company  of  Canada,  Ltd.,  Toronto 
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The  very  fact  that  there  are  over  22,000  places  where  truck  drivers  can 
exchange  Prest-O-Lite  gas  tanks  for  empty  ones,  paying  only  for  the  gas, 
shows  the  popularity  of  Prest-O-Lite  gas  with  truck  owners. 

When  a  product  has  such  wide-spread  approval  from  the  public  which  you 
serve — plus  the  added  distinction  of  being  "the  oldest  service  to  motorists" — 
— why  not  consider  its  adoption  for  the  trucks  which  you  design  or  build? 

THE  PREST-O-LITE  COMPANY,  Inc.,  Indianapolis,  Indiana 

SMALL  TANK  SALES  DEPARTMENT 

New  York  Office:  30  East  42nd  Street  Pacific  Coast  Office:  599  Eighth  Street,  San  Francisco 

In  Canada:  Prest-O-Lite  Company  of  Canada,  Ltd.,  Toronto 
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IVorn  Out— Just  rubbed  in  air 


A  chunk  of  fire  strokes  the  night  sky  and  is  gone.  Where? 

Swallowed  by  Friction.  Literally  burned  to  nothingness,  actu- 
ally worn  out  of  existence,  simply  by  rubbing  the  air. 

That's  all  a  "shooting  star"  is.  A  mass  of  mostly  mineral  sub- 
stance, flung  from  some  whirling  body  of  the  skies,  hurtling 
through  the  airl  •  tie  universe,  until  it  happens  to  fly 

•  'ic  layer  of  air  which  surrounds  our  earth. 

-ubbing  the  atmosphere  kindles  the  blazing  ball  you  see, 
the  "shooting  star."  The  friction  of  just  moving  through  the 
air  is  what  utterly  consumes  it. 

Anything  which  moves,  however  fast  or  slowly,  even  in  the  thin 


irn  m 


invisible  air,  or  on  finest  lubricating  oils,  is  inevitably  subject 
to  the  wear  of  motion. 

It  is  motion,  as  you  know,  which  wears  your  motor  car.  How 
long  your  automobile  will  last,  how  smooth-running  and  quiet 
you  can  keep  it, depends  then  upon  how  well  you  are  permuted 
to  compensate  for  the  wear  that  must  follow  motion. 
You  arc  sure  there  will  be  wear  from  motion.  To  enable  you  to 
offset  the  chief  effects  of  tins  certain  wear,  make  sure  the  prin- 
cipal revolving  parts  arc  mounted  on  bearings  which  can  be 
adjusted.  The  basic  principle  of  anti-friction  bearing  adjust- 
ability is  embodied  in  Tim  ken  Tapered  Roller  Bearings.  The 
Timken  Roi.lkr  Bearing  Co.,  C.iston,  Ohio. 


KI 
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Objections  which  have  been  made — 
either  justly  or  unjustly — to  mechanical 
four  wheel  brakes,  do  not  apply  to 
hydraulic  four  wheel  brakes* 


It  has  been  asserted,  for  instance,  that 
the  only  two  claims  made  for  four 
wheel  brakes  are,  that  they  permit 
quicker  stopping  and  prevent  skidding. 

Beside  accomplishing  these  two  vitally 
important  results,  Lockheed  Hydraulic 
Four  Wheel  Brakes  also — 

Require  practically  no  adjustment, 
being  from  the  very  nature  of  the 
hydraulic  principle  always  perfectly 
equalized.  (At  very  long  intervals 
it  is  necessary  to  "take  up"  on  the 
brake  bands  because  of  wear  on 
the  brake  lining.) 

Because  pressure  is  always  equally 
distributed  to  the  four  brakes,  the 
brake  lining  used  in  connection 
with  Lockheed  Hydraulic  Four 
Wheel  Brakes  lasts  about  four  rimes 
as  long  as  when  used  with  two 
wheel  mechanical  brakes. 

In  descending  long  grades,  four 
wheel  brakes  remove  fear  of  the  car 
getting  away — a  fear  that  is  always 
present  when  two  wheel  brakes  are 
the  braking  equipment.  Further- 
more, four  wheel  brakes  make  it  un- 
necessary to  use  the  motor  as  a  brake. 

Because  they  never  drag,  they  af- 
ford greater  gasoline  mileage. 

Again,  it  has  been  objected  that  me- 
chanical four  wheel  brakes  increase 
the  expense  of  maintenance.  With 
hydraulic  four  wheel  brakes,  the 


expense  is  less  than  with  two  wheel 
mechanical  brakes. 

Mechanical  four  wheel  brakes,  say 
some  opponents,  require  greater 
power  to  operate  the  brakes  and  to 
steer  the  car. 

Hydraulic  four  wheel  brakes  require 
less  foot  pressure  than  mechanical 
two  wheel  brakes. 

A  car  equipped  with  hydraulic  four 
wheel  brakes  steers  just  as  easily  under 
all  conditions  as  a  car  equipped  with 
two  wheel  mechanical  brakes. 

Other  objections  which  have  been 
made  to  mechanical  four  wheel  brakes 
fail  just  as  completely  as  those  above 
mentioned,  when  confronted  with  the 
actual  results  which  Lockheed  Hy- 
draulic Four  Wheel  Brakes  have 
proved  in  the  hands  of  hundreds  of 
owners. 

Leading  cars,  which  will  soon  an- 
nounce Lockheed  Hydraulic  Four 
Wheel  Brakes  as  standard  equipment, 
will  quickly  demonstrate  to  the  whole 
American  public  that  these  hydraulic 
brakes  are  unapproached  in  every 
phase  of  performance. 

Hydraulic  Brake  Company 

5833  Russell  Street,  Detroit,   Michigan 


LOCKHE 


Hydraulic  Four  Wheel 

Brakes 


THK  90CDBTT  OF  AUTOMOTIVB  i:n<;im:ki:> 


•  ibrr,  192S 


Explosive 


Action 


of  the  Bowen-Empress  Gun  shoots  a  charge  of  the  lubri- 
eant  into  the  bearing  under  high  pressure,  driving  out 
the  dirt,  grit  and  old  dead  grease,  leaving  the  bearing 
completely  covered  with  a  film  of  fresh,  clean  lubricant. 


Before  applying  the  Bowen-Empress  Gun  to 
the  fitting  on  the  bearing,  pressure  is  first 
developed  in  the  gun  by  turning  the  plunger 
forcibly  against  the  lubricant.  A  check  valve 
in  the  nozzle  holds  the  pressure  within. 

.  using  one  hand  only,  the  connection 
r  is  lifted  with  the  slotted  gun  end  and 
the  nozzle  thrust  into  the  connection,  the 
valve  in  the  nozzle  coming  in  contact  with 
the  trip  in  the  bottom  of  the  connection,  re- 
leasing the  pressure  and  instantaneously 
flooding  the  bearing  with  a  charge  of  the 
lubricant.  The  dust  tight  connection  cover 
is   then  snapped   shut,   using  the  gun   end. 


Then  withdraw  the  gun  and  develop  the 
pressure  for  the  next  bearing. 

Quick,  Clean  and  Convenient.  No  connec- 
tions to  make  between  gun  and  fitting.  No 
easily  mislaid  dust  caps  to  remove  and  re- 
place. No  dirt  collecting  open  ball  check  fit- 
tings. No  flexible  hose  to  break  under  pres- 
sure. Unnecessary  to  lock  gun  to  fitting  on 
bearing  or  to  turn  back  plunger  to  relieve 
pressure  before  removing  gun  from  fitting 
on  bearing. 

The  Bowen-Empress  System  can  be  used 
with  either  oil  or  grease  as  the  lubricant. 


One  Hand  Operates  It. 


Bowen  Products  Corporation 

Auburn    Division,    Auburn.    V    Y. 

It'riic  fur  Descriptive  BooKlel  No.  N  .v>i 

T)owen-T*mDress 


HIGH  PRESSURE  LUBRICATING  SYSTEM 


I  OR   ALL  MOTOR  CARS  AM)  TRUCKS 
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Double-acting  thrust 

bearing,    flat    seats 

(grooved  races) 

2100-F  Series 


Single-acting  thrust 

bearing,  flat  seats 

(grooved  races) 

1100-F  Series 


Single-acting,  self- 
aligning  thrust 
bearing 
1100  Series 


Single-acting,  self- 
aligning  thrust 
bearing,   leveling 
washer.  1100-U  Series 


Double-acting,  self- 
aligning  thrust 
bearing,   leveling 
washers 
2100-U  Series 


Strom  Service  Department,  Home  Office,  Chicago 

The  Golden  Rule 
in  Business 

We  give  the  kind  of  service  we  like  to  get 


Strom  service  is  as  good  as  we 
know  how  to  make  it.  We  have 
studied  what  manufacturers 
need.  And  we  have  adapted 
our  service  to  their  needs. 

On  orders  for  ball  bearings 
from  stock  we  can  frequently 
make  shipments  the  same  day 
the  order  is  received. 

Where  technical  advice  is 
needed,  our  corps  of  experts  is 
at  your  service.  They  are  fa- 
miliar with  every  type  of  ball 


bearing  installation  ever  made. 
\Ye  will  be  pleased  if  you  will 

call  on  us. 

Our  interest  in  our  installations 
continues  long  after  we  have 
made  delivery.  YVe  are  con- 
cerned with  the  successful  oper- 
ation of  our  bearings  through- 
out their  lives. 

We  believe  in  the  golden  rule 
in  business.  We  give  the  kind 
of  service  that  we  like  to  get. 


BALLBEARINGS 


"Wherever  a  Shaft  Turns" 
U.  S.  BALL  BEARING  MFG.  CO. 

4533  Palmer  Street,  Chicago,  111. 


Single-row  deep- 
groove   Standard 
type,  radial  bearing 


Double-row,  deep- 
groove  Standard 
type,  radial  bearing 


Angular   contact 

bearing,  combination 

radial  and  thrust 


Double-row.   maxi- 
mum type, 
radial  bearing 


Single-row.   maxi- 
mum type, 
radial  bearing 
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AGATHON  AU.OV  SXeetS 


IMAGINE,  if  you  can,  the  automotive  industry  without 
alloy  steels.  Think  of  the  greatly  increased  bulk  and 
weight  that  would  necessarily  have  to  be  added  to  the  cars  of 
today.  Think  of  the  added  cost  of  upkeep — the  frequency  of 
breakage— the  added  dangers  of  traveling  at  high  speed. 

Truly,  alloy  steels  form  the  backbone  of  all  that  has  been 
accomplished  in  the  automotive  industry  in  producing  cars 
of  greater  speed,  greater  endurance,  greater  safety  and 
greater  comfort.  In  fact,  many  car  builders  have  come  to 
depend  so  heavily  upon  alloy  steels  that  from  seventy  to 
eighty  parts  which  are  subjected  to  greatest  stress  and  wear 
are  made  of  these  super-steels. 

While  all  of  our  alloy  steels  are  made  under  the  "Agathon" 
trade  name  they  embody  various  analyses,  particularly  suited 
to  Axle  Construction,  Differential  Frame,  Front  Axle,  Motor 
Parts,  Shafts,  Transmissions,  Springs,  Steering  Parts,  etc. 
We  have  an  interesting  booklet  entitled:  "Agathon  Alloy 
Steels,"  describing  many  of  our  steels  for  the  automotive 
industry.   Send  for  a  copy. 


We  have  daily  pro- 
duction in  all  kinds 
of  commercial  alloy 
steels  such  as— 

Nickel,  Chrome- 
Nickel,  Uma,  Molyb- 
denum, Chrome* 
Molybdenum, 
Nickel-Molybde- 
num, Vanadium, 
Chrome  -  Vanadium, 
Chromium,  etc. 

Deliveries  in  Blooms, 
Billets,  Slabs,  Bars, 
Spring  Flats,  Hot 
Rolled  Strips,  etc. 


The  Central  Steel  Company,  Massillon,  Ohio 


SWETLAND  BLDG. 

CLE VELA 


BOOK  BLDG. 
DETROIT 


PEOPLES  (.AS  Bl  DO 
CHICAGO 


UNIVERSITY  BLfXTK 
SYRACUSE 


WIDENER  BLDG. 
PHILADELPHIA 
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The 


Announcing 

New  Warner  Precision  Speedometer 


THE  last  word  in  speed-recording  accuracy.    All  of  the  inherent  quali- 
ties, all  of  the  time-proven  features  of  Stewart,  Warner  and  Van  Sicklen 
instruments   are   embodied   in   this   one   speedometer — the   Warner 
Precision. 

From  the  first  turn  of  the  wheels,  and  at  any  speed  the  car  may  travel, 
it  registers  miles  per  hour  with  remarkable  accuracy.  Regardless  of  the 
weather  conditions,  no  matter  how  hot  or  how  cold,  this  precision  of  speed 
indication  remains  unchanged.  Variance  in  air  pressure  or  humidity  has 
not  the  least  effect  upon  it. 

Absolute  quiet  in  driving  operation  is  attained  by  means  of  bakelite, 
linen  gears. 

The  odometer  construction  is  greatly  simplified  by  unit  assemblies. 

The  improved  dial  alignment  is  made  possible  by  a  light  tension  impulse 
spring. 

Sapphire  jewels,  of  the  same  type  used  in  the  balance  wheel  of  a  watch, 
are  placed  on  the  speed  cup  pivots  to  provide  the  utmost  in  bearing  suspen- 
sion. 

The  satin-like  finish  of  the  dial  face,  the  beautifully  nickeled  flange,  the 
easily-read  numerals,  give  this  instrument  a  de  luxe  appearance  worthy  of 
the  finest  cars.     Complete  with  driving  equipment,  $60.00. 


STEWART-WARNER  SPEEDOMETER  CORPORATION 


CHICAGO,  U.  S.  A. 


CUSTOMBILT  ACCESSORIES 

USED       ON      8      MILLION      CARS 
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There's  no  factor  so  fatal  to  the  permanent  solution  of  a  perplexing 
forging  problem  as  the  tendency  to  let  price  variations  sway  one  away 
from  the  source  of  supply  that  achieves  the  solution.  And  that  tendency 
is  rooted  in  the  obsolete  belief  that  one  forging  can  he  like  another  or 
that  all  forgings  are  alike. 

Stand  steadfast  on  the  concern  that  solves  your  forging  problem  and 
\"ii  will  have  no  occasion  to  endure  hack  slapping.  The  Champion 
organization  has  demonstrated  for  the  makers  of  many  prominent  motor 
<ar^  an  ability  to  overcome  obstacles  deemed  well  nigh  insurmoui 

Your  problems  interest  us.     By  solving  them  we  presume  t"  pr 

right  to  your  forging  business  on  the  basis  (hat  a  forging  is  something 
more  than  a  piece  of  hammered  st» 

The  Champion  Machine  &  Forging  Co. 

3695   Ea.t   78th  Street,   Cleveland,   Ohio 

Offlci      SO  I  horch  si. 
rhlln.l.  Iph  nine  Bldg. 

Del  roll  Bldg. 


DDDDD 

DROP  FORGING/ 
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Over  75,000,000 
Alemite  fittings 
in  use  today* 


1303  New  AILUMSTS  Stations 
in  the  Month  of  September 

in  Pittsburgh  alone  61  new  places  installed 
Alemite  Service  Equipment — in  11  days 


In  the  month  of  September, 
1303  new  Alemite  Lubricating 
Station  Outfits  were  installed 
the  country  over. 

Think  what  this  means! 
These  stations  have  capacity  to 
lubricate  over  300,000  cars  and 
trucks  per  month.  And  this  is 
just  one  month' s  addition  to 
the  huge  nation-wide  Alemite 
Service  organization — that 
keeps  Alemite- equipped  cars 
well  lubricated  everywhere. 


In  Pittsburgh  alone  61  new 
stations  installed  Alemite  Serv- 
ice in  1 1  days. 

The  standard  Alemite  Lubri- 
catingSystemisbecomingmore 
and  more  important  due  to  the 
increasing  patronage  given  lu- 
bricating service  stations  by 
car  owners  everywhere.  When 
you  put  Alemite  on  the  cars 
you  make,  you  at  once  insure 
your  owners  of  country -wide 
lubricating  service. 


The  Bassick  Manufacturing  Company 

265  \  N.  Crawford  Avenue         -         -         -         Chicago 
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QLAL1TY  Piston  Rinjis  are  carefully 
vrrappea  in  waxed  paper  and  f>aeked  in 
tins  grey  and  royal  purple  box. 


STANDARD  OF  THE  INDUSTRY 


\  /lOlvE  than  one  hundred  leading 
manufacturers  of  internal  combustion 
engines  specify  QUALITY  piston  rings  for  or- 
iginal installation — because  they  are  accurate, 
quick  seating,  long  lived  and  easy  to  install. 

More  tnan  two  nundred  discriminating  dis- 
tributors choose  QUALITY  rings  because 
tnev  strive  to  give  their  dealers  the  utmost 

in  'QUALITY-SERVICE-PRICE. 

Thousands  of  dealers  handle  QUALITY 
rings  for  resale  because  giving  tne  public 
what  it  wants — means  low  sales  resistance 
with  a  resultant  quick  turnover. 


TRing  Company; 

SMuskegon,  ^Michigan 

UAL/TV 

Piston  Rings 
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Think 

Of  The  Strains 

And  Sudden  Shocks 

to  which  gears,  particularly  those  in  the  trans- 
mission, are  subjected. 

Even  in  the  light  car,  gears  are  put  to  severe 
test.  And  in  the  heavy  truck,  the  service  virtu- 
ally amounts  to  abuse. 

The  best  safeguard  against  broken  gear  teeth 
and  stripping  is  the  use  of  better  steel  — 
Vanadium  Steel. 

Strength,  hardness,  toughness,  wear  resisting 
and  anti-fatigue  properties — all  these  gear 
steel  essentials  are  present  in  a  high  degree  in 
Vanadium  Steel. 

Write  for  data  on  the  use  of  Vanadium  Steel 
in  gears. 

VANADIUM  CORPORATION 
OF  AMERICA 

N  EW  YORK  O  ETROIT 

120  Broadway  tfook  gldg 


Vanadium  Steels 


Jbr  Strength,  Toughness  and  Durability 

ST  Hi  -  m 
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Mueller  Forges  Brass 

Forged  under  400,000  pounds  pressure  while  at  a  cherry  red 
heat,  sand  holes  and  other  flaws  become  impossible  in  Mueller 
Brass  Forgings. 

Brass  sand  castings  develop  10%  to  15  $>  scrap,  in  the 
foundry  and  at  your  machines. 

You  can  save  this  loss  by  using  Mueller  Brass  Forgings. 
MUELLER  METALS  CO.,  PORT  HURON,  MICH. 

Sales  Offices:     New  York,  Philadelphia,  Buffalo,   Pittsburgh,  Cleveland,  Dayton, 
Detroit,  Indianapolis,   Chicago,  Minneapolis,  New   Orleans,  San  Francisco. 

Maker,  of  "Red  Tip"  Bras*  Rod;  Welding  Rod  ;  Brass  and  Copper  Tubing  ;  Forgings  and  Castings 

in  Bra&s  and  Bronze  ;  alio  Brass  Screw  Machined  Products. 

Asaociated  with  H.  Mueller  Manufacturing  Co.,  Decatur,  III.,  and  H.  Mueller  Mfg.  Co., 

Ltd.,   Sarnia,   Ont.    Makers   of  Watet ,  Plumhing  and    Gas    Brass   Goods   and    Tools. 

Illlllllllllllll 
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MORSE  CHAIN 

DOMINANCE 

Read  Again  the  List  of  the  Cars  Which  Use 
Morse  Chains  in  Their  Front  End  Drive 


Anderson  Six 
Auburn  Six 
Barley  Six 
Cadillac  Eight 
Case  Six 
Chalmers  Six 
Chandler  Six 
Cleveland  Six 
Columbia  Six 
Crawford  Six 
Davis  Six 
Essex  Four 
Flint  Six 
Fox  Six 

Hupmobile  Four 
Hudson  Six 
Jordan  Six 


Lafayette  Eight 
Lincoln  Eight 
Moon  Six 
National  Six 
Northway  Four 
Oakland  Six 
Packard  Single  Six 
Packard  Single  Eight 
Rickenbacker  Six 
Stearns  Four 
Stearns  Six 
Saxon  Four 
Sterling-Knight  Six 
Studebaker  Light  Six 
Star  Four 
Templar  Four 
Winton  Six 
Continental  Motors 


MORSE  CHAIN    COMPANY 

Main  Office  and  Works  Sales  and  Engineering  Office 

ITHACA,  NEW  YORK  DETROIT,        MICHIGAN 


THE   CONSTANT    PRESSURE    ANGLE     CHAIN 


MOR 


GENUINE 


■S  ILE  NT 


E 
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New  Departure 
Ball    Bearings 

\S  hy  Ball  Bearings,  Anyway? 


Depredation  in  automobiles  and  trucks  is  largely  a  matter  of 

part-  wearing  I i -.  with  consequent  lost  motion  and  an  imperfect 

functioning  of  one  componenl  in  relation  to  another. 

There  are  at  leasl  2'>  vita]  points  where  moving  shafts  and  gears 
depend  upon  anti-friction  hearings  for  support.  It  is  not  so  much 
the  wear  of  the  bearings  themselves  as  the  letting  down  and  throw- 
ing out  of  alignment  and  adjustment  of  these  shafts  and  gears.  The 
replacement  or  "talring-up"  of  hearings  does  not  help,  because  the 
damage  IS  already  done.  To  keep  a  vehicle  "tight""  you  must  never 
let  it  get  ""loo-e." 

That  is  why  New  Departure  hall  bearings  are  needed.  By  very 
principle,  design  and  materials  New  Departures  do  not  wear  per- 
eeptihlv.  and,  barring  accident  or  the  entrance  of  abrasive  material, 
need   ne\er  !"•  replaced. 

Because  thi-  fact  i«  being  realized  more  and  more,  the  New 
Departure  plant-  are  being  called  upon  to  produce  the  largest 
volume  of  quality  ball  bearings  in  their  history. 


I  III-.  NHW    DII'AK'Jl  RK  M\M  FACT1  RING  COMPANY 

I'.KISTOL,   Conn. 

*,lii<  ago 


Detroit 
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The  sales 
arguments  that  count 


13 


OOK  at  that  axle!"— or  "that 


propeller  shaft!"— or  "that 
frame!" — or  "those  springs!" — 
says  the  salesman. 

He  knows  that  these — the 
load-carrying  and  power-trans- 
mitting parts — are  the  points  on 
which  the  shrewd  purchaser  to- 
day bases  his  final  decision  on 
which  car  or  truck  to  buy. 

And  here's  where  the  names 
of  Spicer,  Parish,  Sheldon  and 
Salisbury  prove  their  power  in 
closing  the  sale.  Being  known 
quantities,  the  customer  accepts 
them  without  question. 


Sheldon  Axle  and  Spring  Co.       -         Wilkes-Barre,  Pa. 
Parish  Mfg.  Corp.  ....         Reading,  Pa. 

Salisbury  Axle  Co.        -         -         -         Jamestown,  N.  Y. 
Spicer  Mfg.  Corp.  -         -         South  Plainfield,  N.  J. 

G.  A.  DANA,  President 


Sheldon 


*& 


Axleg/fer  Motor  Trucks 


SALI^BU^f 

*  Axles/ftr  Passenger  Cars  v 


ij 


Sheldon 


Sprin<>sy6r  Motor  Cars  and  Trucks 


v  NG1.N 


Dectmbtr,  l ;» 23 


fi 


-* 


On  the  road  every  day  of  the  year! 


r 


EXCU  n't  go  in  the  dairy  business.    Heavy 

duty  tank  trucks  must  haul  thousands  of  gallons 
of  milk  into  cities  from  outlying  rural  points  every 
day  of  the  year,  no  matter  the  condition  of  roads. 

v  of  these  trucks  carry  their  daily  tanks  of 
milk  from  dairy  farms  over  a  hundred  miles  distant 
from  the  city. 

It  i-  a  -ignificant  fact  that  nearly  all  tank  trucks 
of  leading  makes  are  equipped  with  Davton  Steel 
Whee 


By  the  service  they  are  rendering  in  the  dairy 
business,  Dayton  Steel  Wheels  again  prove  that  they 
are  equal  to  meet,  every  day  in  the  year,  the  most 
Irving  tasks  of  load  and  road. 

Perhaps  your  haulage  job  is  even  more  exacting 
than  that  of  the  dairy  business.  Whatever  your  par- 
ticular  requirements  may  be,  Dayton  durability  and 

inv  are  worth   investigating.     Let  us  show  you 
just  what  Dayton  Steel  Wheels  will  do  for  you. 


Huilt    for   solid    and    pneumatic    tires    and    for    any 

i  vie.     Our  Engineering 
Department   wilt   co-operate   m   working   out    your 

THE  DAYTON  STEEL  FOUNDRY  CO.,  Dayton,  Ohio 

Davton 

Steel  TVucR  Wheels 
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HAYN 


H 


TELMTE 


CUTTING  TOOLS 

This  job  was   a    difficult  one  owing   to   the  time  study  shows  another  interesting  fact 

frailty  of  the  casting  which  necessarily  was  a  —  how    much    higher    Stellite    averaged    in 

limiting  factor  in  production.  Haynes  Stellite  number    of  pieces    per    grind.       Investigate 

Cutting  Tools,  however,  not  only  handled  it  Stellite  possibilities   on   your  own  work.     It 

perfectly  but  increased  production  20.5%.  The  will  pay  you. 


HAYNES  STELLITE  COMPANY 

Carbide  8C  Carbon  Bldg.,  30  East  42nd  St.,  New  York,  N.  Y. 

Peoples  Gas  Bldg.,  Chicago  General  Motors  Bldg.,  Detroit  4503  Euclid  Ave.,  Cleveland 


THE  JO'.  -    CIETT  OP  AUTOMOTIVE  ENGINEERS 
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You  See 


Every 
Day 


Every- 
where 


Sheet  Metal  Products 


E\U  H  year  the  Automotive  Industry 
achieves     new     refinements     in     the 
building   of   fine    automobiles.      In    line 
with  the  industry's  constant  striving  for 
improvement  in   product   Hayes    Manu- 
ring   Company    specializes    in    the 
production  of  superior  Automobile  Body 
npings  and  other  sheet  metal  parts. 

Here  in  this  splendidly  equipped  plant 
Hayes  designs  and  builds  its  own  dies. 
Instead  of  manufacturing  Cowls  out  of 


three  pieces  of  metal,  which  later  must 
be  assembled,  Hayes  usually  stamps  the 
cowl  out  of  one  piece.  We  often  fabri- 
cate Rear  Seat  Center  Panels,  Side 
Panels  and  Wheel  Housings  from  one 
piece  of  metal,  an  assembly  which  usually 
has  been  built  up  from  five  pieces. 

Thus  the  Automobile  Industry  looks  to 
Hayes  for  a  superior  product.  And 
Hayes'  working  policy  is  that  only  the 
best  is  good  enough  for  their  customers. 


Hayes   Manufacturing   Company 


DETROIT,   MICH. 
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When  the  Need 
is  for  Dependable  Screws 


Engineers  and  buyers  of  long  ex- 
perience now  realize  that  cap 
screws  made  by  the  "upset1'  or 
cold  headed  process  must  be 
heat-treated  to  insure  the  great- 
est tensile  and  ductile  strength 
in  the  finished  product. 
That  is  why  they  specify  Ferry 
Heat-Treated  Screws.  They  know 
without  experimenting  that 
these  screws  will  give  the  kind  of 
service  they  demand. 


Whether  it  be  connecting  rod 
bolt,  cap  screw  or  special  part, 
they  are  always  sure  of  their  mi- 
crometer accuracy,  unvarying 
uniformity  and  rugged  strength. 
You  too  can  do  away  with  costly 
experimenting  by  buying  Ferry 
Process  Screws  —  send  us  your 
blue  prints  and  let  us  quote  you 
our  prices ;  we  know  they  will  in- 
terest you . 


"IF  IT'S  UPSET—IT  MUST  BE  HEAT-TREATED" 


THE  FERRY  CAP  &  SET  SCREW  COMPANY 


Cleveland,  Ohio 


PROCESS        SCREWS 
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S tar  ling,  Lighting  <& Ignition 

WITH   the  names  of  the  inure  popular  motor  tars  that  have  won  a  market  clear 
rid  is  linked  the  name  of  Auto  I  il  •   tie  that  hinds  leading 

automobiles  and  Auto  Lit*  together  in  the  esteem  of  owners  is  the  natural  relation 
lality  and  quality,  dependability  and  dependability. 

t,  but  on  ■  nine  it,  Auto-Lite  is  the  accepted   standard  of 

ery  name  carrie-  conviction   and    fosters  good   will.     Car  owners  at 

large,  millions  of  them,  have  given  Auto-Lit  ■  a  leadership  without  harrier  or  challenge. 

rid  .vide  opinion  of  Auto-Lite  is  p'ainly  visible  in  sales  figures. 
TIm-    Electric    Auto-Lite    Company 

(fflirr  ami   Wttrk*:   Tnli-do.  Ohio 
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Klaxon  insures  your  safety  from 
the  driver  who  is  tenipted  to  "cut 
short"  as  he  approaches  a  "blind" 
curve. 


At  Dangerous  Turns- 

At  "blind"  curves,  where  a  moment's 
inattention  by  the  "other  fellow" 
means  disaster,  you  know  that  Klaxon 
will  always  be  heard  and  instantly 
heeded.  It  is  this  dependability  that 
has  made  Klaxon  the  choice  of  more 
than  four  million  motorists. 


'A  Qood  Horn  is  Safety  Insurance 
Only  Klaxon  Quality  is  Qood  Enough" 


Genuine  KLAXON  Horns  made  only  bif 


■:<**<•] 


Company  r.WewarkZN.  J* 
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THOSE  parts  manufacturers  whose 
reputations  have  been  built  and 
strengthened  through  a  rigid  obser- 
vance of  one  standard  of  quality — the 
best — are  users  of  nickel  steels. 

The  Parish  Manufacturing  Corpora- 
tion, makers  of  Parish  Heat -Treated 
Frames,  use  nickel  steel.  Its  inherent 
strength  and  resulting  capacity  for  en- 
during abnormal  strains  and  abusive 
shocks,  assure  a  product  whose  qual- 
ity is  a  certainty. 

THE  INTERNATIONAL  NICKEL  CO 
67  WALL  STREET,  NEW  YORK  CITY 

Producers  also  of  Malleable  Nickel  in 
Sheet,  Rod  and  other  commercial  forms 


1 
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Photograph  of  car  after  it 
was  pulled  out  of  the 
water  and  [below)  photo- 
£t  aphoi  the  Delco-Equip- 
ment  just  after  it  was 
taken  from  the  wreck. 


Submerged  for  six  month  in  fifteen  feet  of  *water 

at  the  bottom  of  a  cjuarrtf 


The  Dayton  Engineering  Laboratories  Co. 
dayton,  ohio 

Gentlemen: 

We  are  writing  you  relative  to  the 
dependability  of  Delco  equipment 
as  brought  to  our  notice  recently. 

In  November  1922,  a  Hudson  6'40 
car  disappeared  from  Rutland,  Ver' 
mont  and  was  supposed  to  have 
been  stolen.  In  May  of  this  year, 
this  car  was  found  in  an  abandoned 
quarry  two  miles  south  of  this 
place  in  about  fifteen  feet  of  water. 
The  water  was  being  pumped  out 
and  the  car  was  found  at  this  level. 
The  job  of  removing  the  car  was 
given  to  us  by  the  insurance  com' 
pany  and  we  afterwards  purchased 


it.  The  top  and  upholstery  had 
rotted  and  we  took  the  chassis  and 
motor  down  for  parts.  We  took 
the  Delco  starter  and  generator  off 
completely  and,  after  drying  out  the 
water  in  this  equipment,  connected 
a  storage  battery  to  the  terminals 
and  found  that  the  armature 
responded  immediately. 

As  a  matter  of  curiosity  we  in' 
stalled  this  starter  and  generator 
in  another  Hudson  car  and  found 
that  it  worked  absolutely  perfect 
in  every  way. 

Very  truly  yours, 


August  24, 1923 


H.  B.  TOWNSEND, 

WALLINGFORD,  VT. 


Delco 

STARTING,  LIGHTING  AND  IGNITION 
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ENDURANCE- 

The  Criterion  ofoAll  {Motor  Car  'Value 

The  true  standard  of  motor  car  value  is  constantly 
becoming  more  dearly  denned  in  the  public  mind. 
It  was  rirst  appreciated  in  the  truck — this  funda- 
mentally an  investment,  with  endurance  standing 
practically  alone  to  determine  the  soundness  of  the 
buyer's  judgment. 

But  today,  in  the  passenger  motor  car  where  this 
factor  not  only  determines  its  span  oi  life  and  resale 
value,  but  the  comfort,  and  quietness  ot  its  service, 
the  car's  foundation  is  being  accorded  deserved 
consideration. 

Since  the  inception  of  the  automobile,  when  the 
name  of  Smith  was  linked  with  the  first  pressed 
steel  frame  produced  in  America,  these  engineers 
have  been  considered  authority,  and  the  product  of 
their  skill  and  experience  incorporated  in  any  car 
furnishes  a  sound  basis  for  confidence   in   the  in- 

-rment. 

A.  O.  SMITH  CORPORATION 

^Milwaukee,  Wisconsin 

DETROIT  OFFICE:   708  FORD   BUILDING 


Smith  frames  mc  the  product  of  the 

world's  largest  and  belt  equipped 
frame  plant.  The  complete  labora- 
tories, modern  equipment,  and 
engineering  departments  provide 
the  utmost  in  dependability  and 
service  as  a  source  of  supply  for  even 
the  largest  automobile  buildrr . 


0     0 


, 
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BRONZE  Piston  Ring  Demonstration  At  REBCO  Booth 
—  New  York  Automobile  Show  - 


\  cordial  invitation  i-  extended  to  Automotive  Engineers,  Factory 
I  Kecntives,  Replacement  Part-  Dealers,  Car  Owners  and  the  Public  to 
\i-it  our  booth,  Space  236,  at  the  New  York  Automobile  Show,  Jan.  5  to 

12,    1924,   for  a   dei istration   of   the   superior  qualities  of   REBCO 

BRONZ1    Piston  Rings. 

Thf  non-trii  tional  properties  of  BRONZE  Bearing  Metal  in  the 
manufacture  of  piston  rinn-  and  it-  increased  efficiencj  as  compared 
with  cast  iron  in  eliminating  heat,  producing  more  power  and  reducing 
the  wear  and  tear  upon  cylinder  walls  and  ring  grooves  will  be  strikingly 
demonstrated. 

S.  Wilson  Morrow,  Vice-President  and  Chief  Engineer,  and 
William  II  [ves,  Sales  Manager,  will  represent  this  Company  at  the 
Show,  and  will  he  glad  to  discuss  piston  ring  performanees  and  problems 

with  \  i-itor-. 

BOOTH  236 


Single    (4  ' 


Dual 


BRONZE  Piston  Rings 


THE  REUS  MFG.  CO. 

Fallsway  and  Eager  Street 
BALTIMORE  MARYLAND 
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LOCOMOBILE 

built  to  the  highest  standards 
of  excellence,  demands  ultimate 
quality  in  every  part.  That  is 
why  it  is  equipped  with 


WESTINGHOUSE 

BATTE  RIE  S 

# 

101 


WESTINGHOUSE  UNION  BATTERY  CO. 

Swissvale,  Pa. 


THK  \1.  OF  THE  SOCIETY  OF  AUTONU'TIVK   ENGINEERS 


Peccmber.   lyi'S 


Tire  Valves 

aid  Ireland's  progress 


IN  the  land  of  linens  and  rugged  coasts, 
Ireland's  quaint  jaunting-car  no  longer 
keeps  the  center  of  the  road.  For  the  whirr 
of  many  motors  can  be  heard  across  the 
bogs,  crags  and  dells;  and  Ireland  rides — 
like  the  rest  of  the  world — on  air  held  in 
pneumatic  tires. 

From  the  time  the  first  pneumatic  tires 
were  made,  their  life  and  service  have 
largely  depended  upon  the  ability  of  their 
tire  valves  to  retain  air.  A  tire  can  give 
full  mileage  only  when  its  valve  effec- 
tively holds  air. 

Schroder  Valves  are  air-tight 

Wherever  civilized  man  uses  motor  cars, 
Schrader  Universal  Tire  Valves  are  on 
duty.    They  successfully  retained  air  in 


the  first  pneumatic  tire  made  in  the 
United  States.  Since  then  these  valves 
have  become  standard  equipment  for 
pneumatic  tires. 

Every  part  of  a  Schrader  Valve  is  per- 
fectly constructed  by  skilled  workmen. 
Careful  assemblage  and  rigid  inspection 
further  guarantee  Schrader  Valves  to 
ceaselessly  hold  in  air  and  enable  tires 
to  give  their  maximum  mileage. 

Large  stocks  always  ready 

Tire  manufacturers  and  supply  houses 
can  get  immediate  shipment  of  Schrader 
Products  from  our  large  stocks.  These 
products  include  Schrader  Valve  Insides, 
Valve  Caps,  Bridge  Washers,  Hexagon 
Nuts,  Rim  Nuts,  Dust  Caps  and  Bushings. 


A.  s(  HRADER'S    SON,  Inc.,  Brooklyn,  N.  Y. 

Chicago  Toronto  London 

cihirader 

Makers  of  Pneumatic  Valves  Since  1844 

Tire  Valves    -  Tire  Gauges 
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This  year  it  required  twice  as  many 
Perfection  Heaters  to  meet  the  public 
demand  for  driving  comfort  as  were 
used  last  year. 

This  proves  that  car  buyers  are  sold  on 
Perfection  Heaters — it  proves  that  year 
after  year  Perfection  Heaters  are  de- 
monstrating the  dependable  perfor- 
mance which  has  made  this  equipment 
the  acknowledged  leader  in  its  field. 

The  Perfection  Heater:&  Manufacturing  Co. 

6545  Carnegie  Avenue  Cleveland,  Ohio 


Manufactured    In    Canada    by 

Itichards-Wilcox   Canadian    Co.,    Ltd. 

London,    Ont. 


'The  heat  is  there — why  not  use  it?' 


P 

H 


MOTOR  CAR 


provide     real    winter    driving    comfort    by 
models    with    Perfection    Heaters    without 
extra    charge. 


McFarlan 

Moon 

Nash     4-Cyl. 

Nash     6-CyL 

National 

Oakland 

Paige 

Pilot 

Premier 

R&V    Knight 


Standard    " 

Stephens 

Sterling- 
Knight 

St evens - 
Duryea 

Studebaker 

Velie 

Wlnton 


Taxi   Cab 
Equipment 

Anchor  Top  &  Body  Co. 
Barley    Motor    Car    Co. 
Elkhart    Motor    Co. 
Premier    Motor   Corp. 
Rauch    &    Lang,    Inc. 
Yellow    Cab    Mfg.    Co. 


The  real  works  of 
an  automobile  heat- 
er  are  hidden  un- 
dtr  the  floor.  You 
can't  SEE  the 
quality.  Your  Safe- 
guard is  the  Per- 
fection name-plate 
tchich  you  trill  find 
•ry  Perfection 
Heater. 
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S.  A.  E.  Publications  Price  Schedule 


MEMBERS 

NON-MEMBERS 

First  Copy                              Additional  Copy 

Per  Copy 

Transactions — Per  Part 

SL'.OO 

$2.00 

$10.00 

Journals — 

1  Year  Subscription 

Included    in    Annual 
Dues 

5.00 

10.00 

Foreign  $12.00 

Journals — Single  Copies 

<< 

0.50 

1.00 

Standards  Handbook 

<< 

5.00 

10.00 

Single  Sheets  for  Hand- 
book 

« 

0.05 

0.10 

Leather  Ring-Binder  for 
Handbook 

$4.00 

4.00 

5.00 

Iron  and  Steel  Specifica- 
tions' 
As  Revised  July,  1923 

In  Handbook 

2.50 

5.00 

Engine     Testing     Forms 
ier  sheet)' 

« 

0.02 

0.05 

Reprints  and  Preprints' 
of  Papers 

Distributed  at  Meet- 
ings 

0.25 

0.50 

Membership  Roster 

Included    in    Annual 
Dues 

Sent  Upon  Request 

0.50 

5.00 

'  Special  prices  on  quantity  lots  will  be  submitted  on  application. 
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BUS.    TRUCK  MOTORS 


Most  everyone  in  the  industry,  we  sincerely  believe,  has  long  been 
familiar  with  the  magnitude  and  scope  of  the  Waukesha  Motor 
Company's  experimental  resources. 

Its  contributions  have  been  recognized  and  accepted  as  engineering 
developments  that  were  sound,  practical  and  mature,  for  they 
have  made  the  name  a  tradition  for  heavy  duty  motor  supremacy. 

Its  latest  presentation— the  Waukesha  Bus  and  Truck  Motor -has 
added  not  a  little  to  the  significant  position  of  its  builders,  for 
only  an  organization  so  adequately  qualified  could  have  developed 
a  transport  motor  so  extraordinarily  fine,  so  outstandingly  efficient. 

Its  great  durability  is  a  proven  thing.    Its  economies  unparalleled. 

THE  WAUKESHA  MOTOR  COMPANY 

WAUKESHA,     WISCONSIN 

The  World's    Foremost    Builders    of    Bus,    Truck,    Tractor  and   Industrial    Motors   Exclusively 

Sales  Offices: 


**» 


1824-1825  Aeolian  Building, 
33  West  42nd  St.,  New  York 
Telephone :  Longacre  S784 

Hi 


503-505  Capitol  Theatre  Bldg., 

Madison    Ave.    Side,    Detroit 

Telephone:  Cadillac  4482 
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THE  BUNTING  BRASS  &  BRONZE  COMPANY 


Toledo,  Ohio 


IU>    .It. 


.  .r,     Mr. 

tisi 


Sritfifk' i 

Blind 

N  I 
Mun    Still 


_  I:     i.i 
::.;    iiilwr    M. 
Uiln     1411 
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CHRISTMAS 

The  Christmas  season  affords  both  indi- 
viduals and  institutions  an  opportunity  to 
pause  long  enough  to  reflect  upon  the  many 
blessings  enjoyed  by  mankind,  not  the  least 
of  which  is  the  automobile. 

The  Ainsworth  Manufacturing  Com- 
pany, happy  in  the  knowledge  that  its  pro- 
ducts contribute  to  the  comfort  of  motorists, 
extends  the  season's  greetings  to  car  owners 
and  members  of  the  automotive  industry. 

WINDSHIELD  AND  VISOR 


AIN  SWORTH 


MANUFACTURING 

DETROIT,  MICHIGAN 


C   O  M  P  A  N  Y 


1    OF  A I  TOMOT1VE   ENQINEERS 


Standard    Equipment  on    the 
British  "Bentley,"  too 

The  a    Sylphon   Automobile   Tem- 

illed    "ii    the     famous     Kritish 
"Beir  tandard  equipment. 

Controlling  the  temperature  of  the  cooling  medium, 
it  greatly  reduces  the  wear  of  valves,  pistons  and  cylin- 
der*. Reduces  crank  case  dilution  and  carbon  deposits 
to  a  minimum  and  saves  from  15  to  20%  in  gasoline 
consumption. 


utomobile 

Temperature  Regulator 

Simple,  kU -contained,  it  has  but  three  main  parts:  the  Sylphon 
Bellow* — that  leunles*.  wider  lew.  flexible  all-metal  expansion 
member,  which  is  the  heart  of  all  Sylphon  products;  a  valve  and 
a  housing  for  the  Sylphon. 

The  Sylphon  U  filled  with  a  highly  volatile  liquid,  which   vapor- 

-    a   predetermined  temperature,   expanding  the   Sylphon   and 

opening    the    valve    to    admit    water    and    contracting    and    closing 

-•live  when  the  temperature  falls. 

Is    self-regulating,    adapted    to    pump    or    thermo -syphon    cooling 

■7  Kerns,    can    be    installed    between    the    radiator    and    the    engine, 

a   outlet  or  inlet  water  connection.      Has   no  moving   parts 

ear  out,  needs  no  oiling  and  will  outlast  the  motor. 


Standard  Equipment 
on  these  leading  Cars 
Cadillac 


Columbia 
Kissel-Kar 
Lanchester 
Leyland 

AND  MANY  OTHER  CARS  AND  TRUCKS 


Lafayette 
Premier 
Rolls-Royce 
Straker-Squires 
Vulcan  Trucks 


Do    not    a  nx   or    iubttituteg.      We   are    the    orivino- 

'  3/rnteet   and    tr>le    manufacturerg    of    Sylphon    Regulators 

■ 

THE  FULTON  COMPANY 

KNOXVILLE,  TENNESSEE 

New  York  Chicago  Detroit  Philadelphia 

Repretentutiiet  in  all  Principal  Cities 


OWEN 


-*Jk£ 


CORPORATION 


Owen-Dyneto  Corporation 

Syracuse,  N.  Y. 


Manufacturers  of 
High  Quality 


Starting  and  Lighting 
Equipment  for  the 
Automotive   Industry 


Simplicity  of  Design 
All  Parts  Accessible 
Exceptionally  Efficient 


Service   Station*    in    All    Principal 
Cities  and  Towns 
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Points  to 
carry  the  Load 


three  contact  areas  instead  of  the 

customary  two,  will  withstand 

all  loads  and  resist  all  stresses 


This  increased  supporting  area  of  Schatz 
"Universal"  Annular  Ball  Bearing  not  only 
decreases  wear  and  friction,  but  eliminates 
danger  from  shock  loads,  because  direct 
blows  cannot  be  delivered  to  the  balls.  Thrust 
loads  are  efficiently  handled,  and  violent 
stresses  quietly  absorbed.  Three  points  of 
contact  give  to  this  bearing  adaptability  to 
varying  conditions,   thrusts  and   loads. 

THE   FEDERAL   BEARINGS   CO.,   Inc. 

Poughkeepsie,  N.  Y. 


„       Schatz 

UNIVERSAL 

Registered  A  57  US.Pat.Off. 

BALL  BEARING 

ADAPTABILITY 


-*^ 
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HEADLIGHTS,  like  timing, 

must  be  faultlessly  adjusted  to  function  properly. 

The  subject  of  headlighting  and  road  illumination 
is  of  such  importance  to  the  industry  as  to  de- 
serve  an  engineer's  undivided  attention. 

The  results  of  our  experience  and  the  benefits 
of  our  knowledge  are  placed  at   the  disposal  of 

automotive  engineers. 

Feel  tree  to  call  upon  us.    Have  no  hesitancy  in 

consulting  our  engineers  or  placing  your  head- 
lighting  problems  before  them. 

In  your  catalogs  and  instruction  sheets  the  subject 
of  headlighting  should  be  covered  completely  and 
treated  thoroughly.    It  is  too  vital  to  be  slighted. 


js  the  word  along  to  your  advertising  director  that  authoritative  in- 
itiation as  will  enable  him  to  formulate  a  set  of  simple,  sensible  n 
and  regulations  is  to  be  had  here — will  be  given  gladly  upon  request. 

THE  AMERICAN  FLATLITE  COMPANY 

CINCINNATI.    OHIO 


IHiUHaOEsHl 


AHLSTRO 

Mdal  Mouldings^  Shapes 


potash 


DURABLE— ARTISTIC 

Metal  Instrument  Panels 

Dahlstrom  metal  instrument  panels 
will  not  twist  <>r  warp.  They  arc  easily 
applied,    and     instrument    openings    are 

neat  and  carefully  made. 

Dahlstrom  instrument  panels  are  fin- 
ished by  our  baked-on  process  in  any 
color  or  graining  desired. 

DAHLSTROM    METALLIC  DOOR 
(  OMPANY 


Buffalo  Street,  Jamestown,  New  York. 

MIA  Dl   IKOIT  <  III'    M 

B    .  I       ■  .1  Theatre  BMk.      19  S« 

:/  representatives  in  principal  cities. 
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North  East  Model  LL  225  Watt  Generator 

The  new  North  East  Model  LL  Generator  has 
a  diameter  of  5  %  "  and  a  capacity  of  225  Watts. 
With  the  addition  of  this  model,  North  East 
Generators  are  now  available  for  every  service 
requirement  from  125  Watts  to  600  Watts. 


NaRTH  East  Electric  Ca. 


Rochester 


N.Y.    U.S.A. 


Manufacturers  of 

Starter-Generators  Starting  Motors 

Generators  Ignition-Generators 

Ignition  Sets  Electric  Horns 

Speedometers 


Come  to 

TEXACO 

for  efficient  plant  and  shop  lubrica- 
tion 

Texaco  Machine  Oils 
Texaco  Cutting  Oils 
Texaco  Engine  and 
Turbine  Oils 

All  Texaco  Lubricants  display  the  same 
high  quality  exemplified  by 

TEXACO    MOTOR    OILS 


THE  TEXAS  COMPANY 

Texaco  Petroleum  Products 

Dept.  AE,  17  Battery  Place,  New  York  City 


Offices    in    Principal    Cities 


Deppe 

Motors    Corporation 

Superheated  Gas 

System 


(Patented) 


This  system  in  cars  of  the  3000  lb. 
class  with  engine  displacement  of  250 
cubic  inches  gives  results  as  follows : 

With  100  lb.  Compression 

Fixed  Superheated  Gas  Mixture 

Fixed  Adjustments  in  All  Parts 
with  Controlled  Combustion 


Develop  maximum  speed  of  60 
M.P.H. 

Twenty-two  miles  per  gallon  with  ex- 
isting or  any  future  motor  fuels. 

Sixteen  hundred  miles  per  gallon  of 
lubricant. 

Ten  to  30  M.P.H.  in  9  seconds. 
Radiator     water     normally     around 
1300  F. 

NO  THERMOSTATS 

Easy  starting,  no  loading. 

Practically  eliminates  carbonization. 

No  preignition,  no  autoignition. 

No  so-called  detonations. 

Eliminates  vibration  due  to  fuel  con- 
ditions. 

Practically  eliminates  lubricating  oil 
dilution. 

No  overheating  of  metals. 

Practically  eliminates  valve  grinding. 

Practically  eliminates  bearing  adjust- 
ments. 

Practically  eliminates  spark-plug 
troubles. 

PRACTICALLY  ELIMINATES  GEAR 
SHIFTING. 


Deppe  Motors  Corporation 

151   Church  Street 
New  York  City 


soc     n  i    m-  rn  brs 
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1  control*  exactly  all  air  entering 
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ance   with    tb*  iuct»oo  oj  'he  engine. 

3t   measures  gasoline 
under  •  o\xi*T*ri*  pressure,  unaffected  by  »uc- 
-    variable   Sow 


TSe  * 

of  tac  engine 


n  unaon  provide  an  exact 
oportxnal   to  all  demands 


Dependable! 

The  Zenith  construction,  with  fixed  control  of 
all  factors  affecting  the  mixture,  allows  you  to 

determine  exactly  the  correct  setting  for  your 
motor,  and  know  it  will  be  maintained. 

The  Zenith  method  of  manufacture  and  inspec- 
tion assures  you  that  every  carburetor  furnished 
in  production  is  an  exact  duplicate  in  construc- 
tion and  in  performance  of  the  one  approved  by 
you. 

Thu?  Zenith  means  uniformity  not  only  in  your 
output,  but  also  in  results  attained  in  the  hands 
of  us 

and 

■ 

Zenith  -  Detroit  Corporation 


Manufacturer   of 

ZENITH  CARBURETORS 


DETROIT 


MICHIGAN 


Branches: 
CLEVELAND 


NEW  TOIK  CLEVELAND  CHICAGO 

Service    Station*    in    over    800    citiet 


ENUS 

PENCILS 


Jhe  largest  selltnq  Quality 
in  the  world 
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Johns-Manville  Aids  Buyers 
of  Automotive  Equipment 

Automotive  Engineers,  in  the  market  for  auto- 
motive equipment,  will  find  Johns-Manville 
Engineers  ready  to  offer  co-operative  service 
on  Johns-Manville  automotive  equipment,  at 
any  of  our  branches.  Johns-Manville  serves  all 
industry,  the  automotive  being  one  of  many 
in  which   we  have  specialized. 

Write,  wire  or  phone  our  nearest  branch. 


JOHNS-MANVILLE 
Automotive   Equipment 


Non-Burn     Asbestos     Brake     Band 

Lin  in* 
Johni-Mnnvill-       Asbestos       Rrak* 

Lining    for    Ford   Cars 
Johne-Manville      Asbestos      Clutch 

Rings   and   Facings 
Johns-Manville    Speedometers 
Johns-Manville    Hub    Odometer 
'nhne-Mnnville     Auto    Tape 
Johns-Manville    Automotive    Pack- 
ings 


rHICOrVTlN 


JOHNS-MANVILLE,  Inc. 


New  Yorlc  City 


Branches  in  56  Large  Cities 
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Di^It^gs 


Two  Useful  Booklets 

FREE 

Send  for  Them 

The  student,  the  designer  and  the  manufac- 
turer will  all  find  these  Franklin  publications 
of  decided  value. 

The  booklet  shown  on  the  left  illustrates  some 
of  the  uses  to  which  die-castings  have  already 
been  put,  and  the  part  they  have  played  in  the 
production  of  modern  inventions.  It  also  con- 
tains a  condensed  table  of  information  regarding 
the  limits,  materials,  etc.,  of  die-casting  work. 

The  second  booklet,  specimen  pages  from 
which  are  reproduced  on  the  right,  deals  with 
the  methods  of  die-casting  manufacture,  describ- 
ing the  machines  used,  the  dies  in  which  the 
pflrts  are  cast,  and  the  metals  commonly  em- 
ployed. It  is  written  by  A.  G.  Carman,  chief 
metallurgist  of  the  Franklin  organization,  and 
is  profusely  illustrated. 

Both  booklets  are  well  printed  on  good  paper, 
and  will  make  a  worth-while  addition  to  your 
information  file.  Both  will  be  sent  on  request 
— free.    Write  us  today. 


FRANKLIN  DIE-CASTING  CORPORATION 
Gilford    and    Magnolia   Streets,   Syracuse,    N.  Y. 


E&fefe 


VEHICLE  HARDWARE 


Lamp  Brackets 

Hinges 
Hood  Fasteners 


No.   9503 


No.  9507 


MALLEABLE   IRON   CASTINGS 


The  Eberhard  Manufacturing  Co. 


CLEVELAND,  OHIO 


s      S 


/>.  ,;iu I„  .  ,    l;);j 
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To  Insure  Your  Car  Upholstery 
Against  Wear,  Use 


"Wire  on"  Moulding 


A  combination  of  Beauty,  Refinement  and  Sta- 
bility. 


WIRE  ON  is  being  successfully  used  in  the  trim- 
ming of  tops  and  open  and  closed  bodies,  both 
-.ire  car  and  bus. 

WIRE  ON*  is  made  with  coverings  of  genuine 
jj^    leather,  artificial  leather,  and  cloth.     It  is  easily 
and  successfully  applied  on  any  job. 

We  have  been  making  Mouldings,  Gimps,  Welts,  Robe  Rails, 
Straps  and  other  Automobile  Trimmings  for  many  years. 

Samples  sent  upon  request. 

The  George  R.  Carter  Company 

Connersville,  Indiana 


Here  is  probably  America's  most  famous  radiator — the 
National.  Both  the  Zig-Zag  Circular  and  Spiral  Tube 
Nationals  are  found  on  some  of  the  best  known  passenger 
cars,  trucks  and  tractors.  This  is  significant  and  should  be 
very  indicative  to  you.  Quality  cars  require  quality  units. 
When  it  comes  to  the  radiator — select  the  National. 

NATIONAL  CAN  CORPORATION 


Radiator  Division 


Detroit,  Michigan 
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VIGILANT 


Sensitive  to  any  change  in  the  flow 
of  current,  Nagel  ammeters  indicate 
trouble  the  moment  it  starts.  Al- 
most as  promptly  the  driver  ob- 
serves the  warning- — in  good  time 
to  save  his  generator  or  battery. 
To  justify  its  use,  an  ammeter 
must  be  dependable.  That  i?  why 
Nagel  spent  years  in  perfecting 
this    specialized    instrument. 


AMMETER 

fTHEWG.NAGELELECTRlCCO.fi/ 
TOLEDO       OHIO 


The  Highest  Development 
of  Vulcanized  Cotton  Fibre 


It  has  taken  nearly  a  half  a  century  to  produce  Vul-Cot 
Fibre— a  half  century  of  study  and  experiment  to  produce  a 
material  of  exceeding  toughness  and  hardness  and  that  is 
not    brittle. 

Vul-Cot  is  made  by  the  oldest  and  largest  manufacturer 
of  Vulcanized  Fibre  in  the  country.  Every  detail,  every 
process  in  the  manufacturing  of  Vul-Cot  Fibre  is  performed 
in  the  three  huge  plants  of  the  National  Vulcanized  Fibre 
Company. 

The  result  is  a  Fibre  that  is  three  times  as  tough  as 
leather.  No  ordinary  force  can  crush,  break,  crack  or  split 
it.  Its  tensile  strength  is  from  9,000  to  14,000  pounds  per 
square  inch,  with  a  resistance  to  shearing  up  to  1 3,000 
pounds  per  square  inch,  and  an  electrical  rupture  up  to 
400    volts     per    Mil. 

We  have  made  Vul-Cot  Fibre  with  such  care,  with  such 
minute  attention  to  every  detail,  that  we  can  guarantee  it 
to    be    free    from    impurities. 

If  there  is  a  place  for  fibre  in  the  composition  of  your 
product— if  there  is  a  possibility  for  a  material  that  is  as 
hard  as  horn,  as  durable  as  steel,  as  adaptable  as  rubber 
and  yet  less  costly  than  any — we  will  gladly  place  at 
your  disposal  the  experience  gained  through  years  of  making 
parts  for  the  products  of  the  host  of  manufacturers  who  use 
Vul-Cot    Fibre. 


National    Vulcanized    Fibre    Co. 

Wilmington,  Del. 


SIMPLICITY  is  the 
oustanding  feature 
of  Wood-Detroit  Hoists 
—just  a  piston  and  two 
gears,  working  in  oil, 
comprise  the  vital  mov- 
ing parts  of  this  time- 
tried  dependable  me- 
chanism. 

Contrast  this  with  the 
gear  trains,  worms, 
splined  shafts,  jaw  clutches,  slides,  guides,  shaft- 
ing under  high  torsion,  lubricating  devices,  and 
similar  constructions  unavoidable  where  the 
necessarily  large  reduction  is  made  through  me- 
chanical instead  of  hydraulic  means. 


Wood-Detroit  Hydraulic  Hoists  have  proved 
their  dependability  and  efficiency  in  many  thou- 
sands of  installations  and  for  nearly  a  decade  and 
a  half.  By  specifying  Wood-Detroit,  you  avoid 
experimenting  and  uncertainty  and  assure  satis- 
faction. 

And  a  complete  chain  of  branches  and  distribu- 
tors cooperate  with  you  in  both  sales  and  service. 


Wood  Hydraulic  Hoist  &  Body  Company 

World's    Largest    Makers   of    Hydraulic   Hoists    &    Steel    Bodies 
Exclusively 

7928  Riopelle  Street  Detroit,  Mich. 


Tin  U    r<  >M<  >TI\  E   ENGINEERS 
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Testing — Inspection — Balancing 
100%  Production  Basis 


sting,  inspection  and  balancing  are  ac- 
complished today  on  a  truly  1  00 '  ,  produc- 
tion basis  by  the  use  of  Olsen  testing  and 
balancing  equipment. 

Metal  parts  of  the  motor  and  car  should 
be  tested  for  brinell  hardness  using  an  Olsen 
production  type  of  testing  machine. 

Springs  for  valves,  clutches  and  chassis 
should  be  subjected  to  a  capacity  test  on  an 
Olsen  production  type  of  spring  tester. 

Universal  joint  shafts  should  be  subjected 
to  a  proof  test  using  an  Olsen  production 
type  of  Torsion  tester. 


Crankshafts,  flywheels,  clutches,  and  uni- 
versal joint  shafts,  etc.,  should  be  balanced 
accurately  on  a  production  basis  by  the 
Olsen-Carwen  Static-Dynamic  Balancing 
Machine. 

Connecting  rods  should  be  weighed  cor- 
rectly using  the  Olsen-Lundgren  Automatic 
weighing  connecting  rod  scale. 

Send  for  full  information  and  details  and 
we  will  recommend  the  proper  equipment 
to  meet  your  requirements. 


SOLE       MANUFACTURERS 


TIMUS    OLSEN    TESTING    MACHINE    COMPANY 


'.mi  NORTH  TWELFTH  STREET 
PHILADELPHIA,  PA.,  I  .  S.    \. 


Foreicn     Representatives:       Edward    S.     Herbert,     Manchester,     England; 
Andrews  &  George   Company,   Osaka,  Japan. 

Also    Representatives    For:      Messrs.    Bdw,    S.    Herbert,    Manchester,    Eng- 
land,   for    the    sate    of    the    Herbert    Pendulum    Hardness    Tests. 


DROP  FORGINGS 

BACKED  BY  40  YEARS'  EXPERIENCE 

ANYTHING  THAT  CAN  BE  DROP  FORGED    UP  TO  300  LBS.      ANY  ANALYSIS  OF  STEEL 

TYPICAL  TRUCK  FORGINGS 

RADIUS   ROD  38   LBS. 


MODERN 
METHODS 


ALL 
FACILITIES 


UNION  SWITCH  &  SIGNAL  CO. 

DROP  FORGE  DIVISION 
Pittsburgh  District  Swissvale,  Pa. 
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It  is  gratifying  that  Interstate  should 
stand  for  service  and  thorough  man- 
ufacture to  so  many  users  of  iron 
and  steel  bars  and  wire  products. 
It  will  please  us  to  establish  rela- 
tions with  you  on  that  same  basis 
and  live  up  to  it.  We  believe  it  will 
be  pleasing  to  you  as  well. 

Open  Hearth  Alloy  Steel  Ingots,  Billets*  Bars 

Wire  Rods,  Wire,  Nails,  Rivets  and1  CutTacks 

Iron  Bars  and  Railroad  Tie  Plates 

INTERSTATE  IRON  &.  STEEL  CO. 

104  South  Michigan  Avenue 
CHICAGO 

interstate 
Steels 


Motor  and   Transmission 
Department 

Quality  may  mean  "this"  to  one  man 
and  "that*'  to  another — but  our  idea  of 
what  quality  really  is  in  motive  parts, 
seems  to  agree  exactly  with  that  of  the 
many  foremost  manufacturers  for  whom 
we  have  made  gears,  transmissions  and 
other  castings  for  many  years. 

Write  for  the  L.M.F.  Book 
Foundry  Quality  Die 

Department  Castings 


If  you  have  any  cast- 
ings to  be  mace  in 
Aluminum,  Manganese, 
Phosphor  Bronze,  Bear- 
ing or  any  Non-Ferrous 
Metal,  we  will  be  glad  to 
quote  on  your  specifica- 
tions. Probably  we  can 
show  you  a  marked 
saving. 


Our  daily  records  of 
shipments  of  parts  made 
by  our  exclusive  process 
of  Quality  Die  Casting  is 
best  evidence  of  our  un- 
usual capacity  for  han- 
dling such  work.  The 
savings  on  big  orders  are 
big,    too. 


|  Light  Mfg.  &  Foundry  Co.  | 

m         Pottstown,  Pa.,  U.  S.  A.  m 


"If   It's  a  Flood   Oiling 
Fan.  It's  a  Service  Fan" 


npHE  outstanding  feature  of 
■*■  the  Service  Fan  is  a  plain 
bearing  running  in  a  bath  of  oil. 
This  highly  efficient  construc- 
tion eliminates  the  troubles 
usually  encountered  in  fan 
operation.  Many  thousands  of 
miles  elapse  before  the  oil  sup- 
ply needs  replenishing. 

Four  blade  and  two  blade 
models  are  made  to  fit  every  re- 
quirement for  passenger  cars, 
trucks  and  tractors. 

Complete  information  will  be 
sent  on  request. 

Service  Products 
Corporation 

201  S.  Rural  St. 
Indianapolis  Indiana 


TIT:  -  PY  OP  AUTOM    'T1VK   ENGINE]       - 


/><-. -i ■  ii. iii  ■-.   LtU 


m 


mi  Coney  Island. 


THESE  buses  are  subjected  to  severe  service. 
Extraordinary  seasonable  demands  are  made 
upon  them — continuous  running  for  long  hours, 
congested  traffic,  sudden  stops,  quick  getaways  and 
heavy  loads. 

Designers  ami  builders  of  heavy  duty  automotive 
vehicles  recognize  Buch  conditions  ami  specify  the 
besl  ignition  system  obtainable,  which  accounts  for 
the  overwhelming  percentage  of  manufacturers  that 
equip  >»ith  Eisemann  magnetos. 

Catalog    <m    request    Correspondence   invited 


-  6»se«MAHN 


EISEMANN  MAGNETO  CORPORATION 

II  illiam  V.  Shaw,  Pre*. 
BROOKLYN,    Y    V. 

DETllOn  .Mi.    \i.o  s\\     FRANCISCO 


aVI< 


mm    _ 

SCOVILL 

MANUFACTURING  COMPANY 

The  Oldest  Brass  Company 

in   America 

To  write  the  history  of  the  Scovill 
Mfg.  Co_ — its  mile  long  plant,  its  two 
hundred  buildings,  and  its  diversity 
of  products  is  to  outline  the  course  of 
industrial  growth  as  it  occurred  in 
America  the  last  121  years. 
This  great  organization,  with  more 
than  a  century  of  experience  in  brass 
craftsmanship  is  ready  to  help  you 
in  your  manufacturing  problems,  either 
by  supplying  the  raw  materials  such 
as  sheet,  wire,  rod,  and  seamless 
tubing,  or  else  by  making  those  small 
parts  or  complete  articles  which  you 
need. 

Ilraw    Mill    Productt 

Vnnutnr tureH   Article*  in  Order 

"  -     '.    Water'* 

■  ■     • 

:t4rjpH0l  and  Han  FrancUeo 


rtTTfe 


*mfi* 


TABLiS-IED     1802 


1 


> 


JJ 


OVILL 

RING  COMPANY 


Thy  Largest  Manufacturer 
finishing  Both  Crankshafts 
And  Camshafts  Exclusively 

200,000 

motors  built  annually  for  passenger 
cars,  tractors  and  trucks  are  timed 
by  our  camshafts  and  driven  by  our 
crankshafts. 

Mr.  Motor  Builder,  our  experience 
and  facilities  merit  your  considera- 
tion. 


Jackson  Motor  Shaft  Company 

JACKSON        -         -         -         MICHIGAN 
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MEMBERS'  PROFESSIONAL 
CARDS 


9.   A.   E.,  New   York 


I.   A.   B..,    London 


Cornelius  T.  Myers 

Consulting  Engineer 

Reports — Design — Tests — Development 

Cooperation  on  Purchase  and   Upkeep  of  Trucka.   Buses  and   Rati   Cars. 


RAHWAY   NATIONAL   BANK    BLDG. 


RAHWAY,   N.   1 


Cass.     M.     Muilj 
A.    B.    M.     I 

t.    A.     ■  . 


Manly  and  Veal 

I  Consulting  Engineers) 


C.    B.    Veal. 
A.  S.    U    U. 


mechanical — automotive — industrial 
Coordination  of  engineering  and   oianufacturlng  requlremeDts  In   tfee  deslfa. 
production  and  operation  of  automotive  power  plants  and  vehicles. 

DriittD.  Development,  Specifications,  Orsranlzatlon, 

Inspection,    1  n  vest  iistit  Ion,  Tests  and  Reports 

»r>n    Went   Mill    Street,  New  York  City. 


8.  A.  E. 
A.  H.  T.  A. 

A.  S.  M.  E. 


0.  E.  Szekely  Co. 


N.  A.  F.  E.  M. 


MOLINE,  ILLINOIS 
Mechanical  and  Automotive  Engineers. 

Engineering  »nd  Laboratory  Departments.  Complete  Experimental  Equip- 
ment. Testing  Machines.  Universal  Machine  Shop  and  Pattern  Shop  for 
Single   Piece   Reproduction  of   Our   Designs. 


Francis  W.  Davis 

CONSULTING  ENGINEER 

DESIGN — DEVELOPMENT — TESTS — OPERATION— MOTOR 

CARS— TRUCKS— AUXILIARY   EQUIPMENT 

COMPLETE   EXPERIMENTAL   DBPABTMHNT 

124  LEXINGTON  STREET  WALTHAM.  MASS. 


E.  PLANCHE,  A.M.,  S.A.E.,  A.S.M.E. 

Consulting  Engineer,  Automotive  Designer  and  Builder 

Development    Work    on    Motors,    Chassis,    Bodies    and    Accessories. 

Special  Designs  for  Economical  Operation  of  Motor  Cars. 
Special  Designs  for  Economical  Building  of  Automobile  Bodies. 


GEXERAI, 


MOTORS    Bl  ll.l)l\t;.     ROOM    5-116, 
DETROIT,    MICH. 


A  manufacturing  interest  with  large  plants 
in  New  England  and  the  Middle  West  and  with 
a  surplus  of  floor  space  and  equipment,  would 
give  consideration  to  the  manufacture  of  mech- 
anisms or  devices  of  metal,  preferably  of  a  pat- 
entable nature,  wherein  a  large  volume  of  trade 
can  be  established,  if  properly  handled. 

Address  replies: 

Box  6 

Society  of  Automotive  Engineers,  Inc. 

29  West  39th  Street  New  York 


A  Giant  Among  Transmissions 


Brown- Li pe  Gear 

Mod,- 1  6o 
Four-Speed 
Top  Shift 
Main  Frame 
Transmission 


Where  loads  are  heavy  and  roads 
are  rough  this  model  transmission 
proves  its  great  worth. 

Only  accident  or  misuse  will 
stop  its  quiet,  efficient  operation, 
and  then  new,  genuine  parts  are 
quickly  obtainable. 

Complete  information  on  this 
and  all  other  Models  given  on 
request. 

Brown -Lipe  Gear  Company 

SYRACUSE,  N.  Y. 

San  Francisco        Chicago        Detroit        New  York        London,  Eng. 


Beotional    View 

showing    simple 

construction 


The 

Handy 

Governor 


Thousands  in  use  on  trucks 
and  tractors  giving  splendid 
satisfaction. 

Made  in  standard  sizes  for 
motors  ranging  from  100  to 
650  cu.  in. 

Our  engineering  department 
will  be  glad  to  discuss  your 
governor  problem.  Literature 
on  request. 

Handy  Governor  Corporation 

3021  Wabash  Ave.  Detroit,  Mich. 


■ 


Dffi  mbci 


THE  HIGHLAND  CAB 


Is  a  universal  unit  that  can  be  converted  from 
a  wide  open  cab  to  one  partially  or  completely 
closed  by  the  driver  without  leaving  his  seat 
or  even  stopping  his  truck. 

The  Model  D  cab  is  now  made  in  three  sizes. 
D-60  is  60  wide.  D-54  is  54"  wide  and  D-50 
for  the  speed  truck,  is  50    wide. 

&  rid    for  complete   bulletin   and  list   of 
il  ttributors 

THE  HIGHLAND  BODY  MFG.  CO. 


410    Elmwood    Place. 


Cincinnati,    O. 


DASH  AMMETERS 

Standard  Equipment  on  many  of  America'*  leading 
ir.d  ruKK'-d  conatructlon  adaptM 
■nd  aatlafaotory  nervlre 
▼*isu»a  ajmrltMUun.  loaf  Mparlaoca.  taodarn  dajllfM  plant  af  flraprewf 
■  n—ianlja,  avU-UM-aj  Inula  apadal  sualrwrr.  •noam  lea  I.  aOalaat 
BuuaM.  law  "anrkaavd"  ocrnt.  •  beautiful  Uiarouiblt  rallabli. 
Uau-uatail  anriod:  umm  in  m«  i<lrlnui«  •tilth  n  ahar*  witt 
t&oaa    car    aaanafstitjiait    *too    naaka    8TEaLl.NO    aiamatan     iltr^lir-i 


flaaa    ar   prolactins'    caaaa    In    try    rtrla   «r    nnlib       r.Lehvl    maul    dial* 
tlalatiail   lo  black   at    I 

Wr*U    fw    daa*r!MI».     -n'A'r.     ll-.-flaa    m     aunUII'rfia. 


THE     STERLING     MFG.     CO. 

283 1-5 J    Proapecl    Are.,    CleTeland,    Ohio 
D.lr.,  t    fill  I  I.     Wrt)    Krciaa    Bldf. 


U-LOY 


Open  Hearth  and  Electric  Furnace 

AJloj  Steels  are  being  used  in  every 
department    of    the    industry.      Per- 
haps our  automotive  experts  can  be 
of  some  help  on  your  problems. 
I'MTED  ALLOY  STEEL  CORP'N-CANTON,  O. 


,| I.;. 111'. l:llllllllllllll!llllllilli 


THE  G  &  O  MANUFACTURING  CO. 

Tubular    and    Honeycomb    Radiators 
NEW    HAVEN  CONN. 


WILLIAMS'    SUPERIOR 

DROP-FORGINGS 

^S^*"? 

Large     or     small,     simple     or 

%f 

complicated,       any       quantity 
made   to   order. 

DROP-FORGINGS 

often  cheaper  than  castings 
—  always  far  superior  — 

1^^ 

J.  H.  WILLIAMS  &  CO. 

"The  Drop- Fur gina  People" 

BROOKLYN      BUFFALO     cm  ('AGO 

WlLCOKMoiOR  PaRTS 

£.Mf<;Co. 

SaCiKAV/  -  MlCHICAM 

VALVES 

TAPPETS 
PISTON  RINGS 
PISTON  PINS 
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TOLEDO 
VALVES 


"C  VERY  Toledo 
A-/  Valve  is  the 
fine  product  of 
long  experience, 
exclusive  special- 
ized methods,  and 
conscientious 


THE  TOLEDO  STEEL  PRODUCTS  CO.        TOLEDO,  OHIO 


The  new  plant  of  the  Interna- 
tional Insulating  Corporation, 
now  located  at  Elyria,  Ohio,  has 
been  completed  and  is  in  produc- 
tion on  gear  shift  lever  balls,  dis- 
tributor heads,  radiator  caps, 
electrical  connections,  and  all 
moulded  parts,  either  from  shellac 
composition  or  synthetic  material, 
used  on  automobiles. 

INTERNATIONAL  INSULATING 
CORPORATION 

ELYRIA       -       -       OHIO 


The  BUSINESS  POWER  of  LIGHT 

1IKE  the  far-famed  illumination  of  the  Great  White  Way  of  New  York, 
-/  brightly  lighted  motor  busses  advertise  your  service  and  attract 
patrons.  There  is  no  longer  any  question  about  the  power  of  light  to  pull 
business.  Night  service  by  busses  can  be  made  as  profitable  as  daylight 
operation. 
Leece-Neville  equipment  was  designed  to  improve  and  perfect  motor 
bus  operation.  It  is  the  first  lighting  and  starting  equipment  in  the  field 
with  ample  capacity  to  take  care  of  the  heavy  duty  requirements  of 
motor  busses.  Its  reliability,  efficiency  and  economy  are  recognized  by 
every  user.  Leece-Xeville  Generators  and  Compensators  are  the  only 
equipment  which  automatically  cares  for  the  difference  in  current  re- 
quired between  day  and  night  operation.  Send  for  full  details. 


Leece-Neville  Electrical 

Equipment  is  furnished  on  the 

product  of 

Autocar  Company 

Brockway  Motor  Truck  Co. 

Mack  International  Motor 

Truck  Corp. 

The  White  Motor  Co. 

The  Haynes  Automobile  Co. 

and  a  number  of  others. 


THE 

LEECE-XEVILLE  CO 

Cleveland,  O. 


LEECE-NEVILLE 

12   Volt  Lighting   Systems  for  Motor   Busses 


The  Universal 
Push  Button 


PERFECT      CONTACT      IS 
SECURED  OX  ANY  ANGLE 


More    Than   Two  Million  in    Use 

The  General  Phonograph 
Mfg.  Co. 

(Formerly   named  The   Garford   Mfg.  Co.) 

Elyria,  Ohio 


THi:  '•  M.  OF  THK  SOCIETY  OF  AUTOMOTIVE   BNGIN1 


December,  1931 


BISHOP-BABCOCK 

AQUASTAT 

tera- 

-     tell 

:i  lo  the 
:n  of  all  car-. 
mps. 

The  Bishop  &  Babcock  Co. 

Automotive     Specialties     Division 
Cleveland,    Ohio 


Muttam,  Conor.,  U.SJL 

Thrust  Bearing  Specialists 

Bearings  Made  To  Your  Requirements 


DETROrT   OFFICE: 

»OS   Dim*   Bank    Bldf . 

Dttroit,    Mich. 


PACIFIC  COAST. 
Frank  M    Cobbl.dick   Co 
1031  Polk  Si,  S.  F..C*L 


S I M  PLICITY-Kl  GGEDNESS 
EFFICIENCY-RELIABILITY 


Always     QftcciatV    th»I»    C^ualitirs   with 


MAG  N  ETO 


A  BETTER  SPARK 


1 


IN  A  SIMPLER  WAY 


Conform!  to  S.  A.  E.  Standard* 

THF.  TEAGLE  CO.,  Cleveland,  O. 

You  want  lo   kn*yw   mora  about    thi*   «impi*»t    m«|n«to 
writ*   1124  Qr**on   Annu*  for  dotal)*. 


MULTIBLADE   FAN 


DETROIT    CARRIER    &    MFG. 

DETROIT,  U.  S.  A. 


CO. 


DEPENDABLE 

In  the  operation  of  a  complete  and  molern  Felt  Cutting 
Plant  at  Detroit,  as  well  as  tour  Felt  Mills,  the  American 
Felt  Company  lias  provided  the  Automotive  Industry  with 
an  entirely  dependable  source  "i"  supply.  Quality,  unifi 
ity  and  quantity  arc  under  complete  control  from  the  raw 
in  tin-  auti  mobile, 


Americanrelt 
Company 


: 


Chicago 


I  mi  Innall 
ii     I  raiiclaco 


l  H.liU 
St.     l.-'ih 


Shuler  Front  Axles 

A\       for 

*   m  jWiY^01  ou  ,il,SKS  '"ACTORS, 
V»M   im  Motortrucks 


i 

tldutlprl, 

Wrib 


Oui  -ii/iii. 

'■ 
t n '    mo   I 
Shulci  From  \x\t  i<-i 


Shuler  Axle  Company,  incorporated 

LOUIS  Ml  li      u  Mi  »  k  v.  U.  H.  A- 


1 1  Jo*%r  s  sicn  i 
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GIBSON 

Made  in  this  modern 
plant,  where  150,000 
square  feet  of  floor  space 
is  devoted  exclusively  to 
the  manufacture  of  spe- 
cial coil  and  flat  springs. 
All  the  latest  improve- 
ments in  methods  of 
manufacture  a  n  cl  an 
equipment  for  the  most 
scientific  heat  treatments 
make      it      possible      to 


SPRINGS 

handle  any  quantity, 
size  or  material.  We 
specialize  in  high  grade 
springs  of  carbon  or 
alloy  steels  for  auto- 
motive work.  Send  for 
our  booklet  on  springs. 

The 
Wm.    D.    Gibson    Co. 

1800  Cly bourn  Ave. 
Chicago  111. 


W-HARDNESS  MEASUREMENTS 


wftlf  The  SCLEROSCOPE 

Are  comparatively  rapid   and   inexpensive. 

Do  not  mar  finished  surfaces. 

Do  not  strain  and  start  fractures  in  metal. 

The  only  instrument  that  can  be  applied  to  dead 

soft  metals  and  intensely  bard  steel. 
The    only     instrument     that     measures     material 

from  extreme  thinness  to  unlimited   sise. 
Cheapest  to  install,    cheapest    to  maintain. 
Recognized    as    international    standard. 
Send  for  free  literature. 

THE  SHORE  INSTRUMENT 
&  MFG.  CO. 

Van  Wyck  Avenue  and  Carll  Street 
Jamaica.    New  York 


Tappet    Wrench    Set 
N'o.    H70 


HERE'S  VAN  CHROME 

the  King  of 

Tappet  Wrenches 

The  Automotive  Mechanics  favorite 
set  put  up  in  a  handy  Kit.  These 
Wrenches  are  drop  forged  from 
Chrome  Vanadium  steel.  Long,  light, 
sure-gripping,  extra  strong,  ideal  for 
the  whole  range  of  Tappet  work. 


THE    HERBRAND    COMPANY 

Fremont,   Ohio 


MOLTRUP'S 

Accurately  Finished  Free  Cutting  Cold  Drawn 

SCREW  STEEL 

is    specified    by    particular    manufacturers    of    high    grade 
automotive   parts. 

ROUNDS — HEXAGONS — SQUARES — FLATS 
COLD  DRAWN  SHAFTING  AND  SPECIAL  SHAPES 

Other  Moltrup    Products: 

Finished     Machine     Keys.     Standard     Woodruff     Keys,     Finished 

Machine  Rack,  Flattened,  Ground  and  Polished  Steel  Plates  and 

Discs,    Foundry    Pattern    Plates,    Finished    Crank    Shafts 

MOLTRUP  STEEL  PRODUCTS  CO.,  Beaver  Falls,  Pa. 


There's  a  GILLIAM  Bearing  for 
practically  every  application 
and  every  location  in  every 
make  of  automotive  equipment. 

Cups      Cones      Rollers 
Alloy  Steel  Throughout 


'^Bearings  *; 


THE  GILLIAM  MFG.  CO. 


Canton,  Ohio 


IStefkarOil.  Water  and  Gasoline  Lines  for  Automobiles,  Trucks  and  Tractors. 

5  0  0,000 

TITEFLEX  LINES  INSTALLED  IN  THIS  SERVICE. 


#55*55 


lines  furnished  with  couplings  as  complete  assemblies  make 
installation  quick  and  easy. 

TITEFLEX  METAL  HOSE  CO. 


BADGER  AVE.  and  RUNYON  ST. 


NEWARK,  N.  J. 


SOCI1       )        P  Al'THMi    ri\  I     1  SGINEERS 


/'. , . 


The  Bearings  Company  of  America, 

S  TAR    Bail    Retainers   tor  Thrust, 

» "up  and  Cone  types  ot  Bearings,      Com- 

Thrust    Ball    Bearings.  Angular   Contact   Thrust 

Bean:..  Contact    Radial    Bearings  (made 

l<    P>  and  requirement 

THE  BEARINGS  COMPANY  OF  AMERICA 
LANCASTER,  PENNA 

Detroit  Office,  1012  Ford  Bldg. 


PRODUCTS 
THAT  STAND 
THE  TEST" 


Manufacturers  of — 
GASOLINE  GAUGES 

OIL  LEVEL  GAUGES 

WELDED  STEEL  RINGS 
AND  BANDS  FOR 

FLYWHEEL  GEARS 

SPROCKETS,  ETC. 

6"   to  60"  in  Diameter 


THE    AKRON-SELLE    CO 


AKRON,  OHIO 

35  Yean  in  Buaineaa 


iR^jaBB^  m  o 


WmWS^H 


i^^^l?^]^ 


<Z> 


/insiders  to  the  most  discriminating 


ijj 


passenger  car  and  truck,  manufacturers 
in  the  United  States  and  Europe. 


-II  EL  < 

■ 


Khtaiiuhiibii    1H89 

ION  DRAWN, 
BRIGHT  FINISHED  STEEL 


Drawn    ami    Turned    ami 
Pol  itinc.  ami  1  rec 

f.utimz  eeli 

and 
Cold      Drav»n      Sted      Sqnaxea, 
Flat!    and    He> 
1     Drawn  iape* 

Drown     or     Turned     and 
Poliabed  Pump  and  Piaton  Rod- 
:  Dnm  Elevator  Guides 

■it    Turned    and 
•••]     \x\-. 


NBW    YORK" 

Cold    Drawn     or     Turned     and 

Polithed  One  Per  Cent,  and 

Three    and     One-Half     Per 

Cent.    Nickel    Steels   and 

'  !  1  r  <  •  11 1 1  ■  ■  n  1     Steela 

\  .in.'idiiim  Steels 

Nickel-Chromium    Steels 

Chrome- Vanadium   Steels 

Bright   Bessemer,  Open   Hearth, 

Alloy    and    Klectric    Steels 

•rial    Wort   in   •    Wld*   H.or- 
of    Analyi*i 

Compute   laboratory  and   Heat 
Treating  Plant 


I  NI01N    DB  IW1N    -  I  III.   COMPANY.   General  Offices  and  Works,  Beaver  Falls,  Pa.,  and  Gary,  Ind. 


B~1*m.    S*tel»   t*4   Ctmtlemd       BRANCH    OITICHI   AND    WAKKHOL'SKH      Ckteaee.    ClnHaNH,    DriroU.    Km 
• — Th*    MKU*i    I'm   Co..    M'rfwlry"  FrmnclMe  »nr1    Wtir      .  c       lx«    Anftlra,    Ctllf.    tnd   L. 

Wonlta  RipnHnUtl,*— W     E.    Knlrfil.   I   inl   I    Norfolk  St..   Blnrv).   London.    End  >n<1.   W.   C.    2. 


York   ent    FWed'lHU 
:.    Smith    ni'iK..    SMttlo,    W»,h. 
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Counter  Balanced 
Crank  Shafts 

MADE  BY 

THE  PARK  DROP  FORGE  CO. 

CLEVELAND,    OHIO 


AUTOMOBILE  LAMPS 

We  are  completely  equipped  to 
produce  motor  vehicle  lamps,  whether 
of  electric,  gas  or  oil  construction,  in 
any  quantity  desired.  We  solicit  the 
privilege  of  submitting  samples  and 
quoting  prices. 

The  Jno.  W.  Brown  Mfg.  Company 


Columbus 


Ohio 


Belflex  Fabric  Spring  Shackles  and 
Stamped  Frame  Brackets 

Our  Engineers  are  at  your  disposal. 
Write  for  Information. 

Ihe  Belflex  Corp. 

AUTOMOTIVE     PRODUCTS 

366  Madison  Ave..  "New  York.  City* 


Bi//ex*« 

Blocks  other  bumpers  of  all  heights. 
Full-looped  ends  provide  recoil 
which  absorbs  terrific  eras?  ts.  Biflex 
Brackets  can't  come  loose  or  rattle. 
There's  only 
Biflex— the 
Original. 


Spring 


mper 


The  BIFLEX  CORPORATION 
Waukegan,     111. 

'Protection    tcith  Distinction" 


Ball  Plant 
STEEL 

BRASS 

BRONZE 

MONEL  METAL 

BELL  METAL 

ALUMINUM 

AND  HOLLOW  BALLS 

Hoover  Steel  Ball  Go. 

ANK  ARBOR>  MICH . 


DOHNER 

COMPRESSION 

COUPLINGS 


U 


BEFORE 
COMPRESSION 


AFTER. 
COMPRESSION 


fir  COPPER,  BRASS  orSTEEl 
TUBES  for  CAS.  GASOLENE 
OIL, WATER, STEAM  or  AIR 

Approved  by  Underwriters  Laboratories 

ASK  US  FOR  DATA  SHEETS 

c7he 

OHIO  METAL  PRODUCTS  CO. 

Dept  K  Dayton.  Ohio. 

Sales  Office.  Free  Press  Bldg.,  Detroit  Mich. 


THh  •  U'T'  >Mi  iTIYE   EXtilXI 


VALBENT^E$~ 

■ .  ■ 

gushing  can    . 

unless  each  n 
the  system  bears   the  proper 

.■•      • 

:r-*~l    - 

r*     .J                                                     il 

J09T1   ,'.-*   f  «f    *-■  • 

VALENTINE  &  COMPANY 

£/.'ii.u-/i   18J2 

Boston 

— i^m 

raira/ia/'j     Stai 

Manufacturers 
Model 


This   model   especially   built  for    car 
manufacturers  is  rapidly  being  adapted 
as    standard    equipment    by     leading 
makers.   Full  information  on  request. 
The  Folberth  Auto  Specialty  Co. 

Oer*Und  Ohio 


utomati'c 
DSHIELD  CLEANER 


DURSTON 

TRANSMISSIONS 


For  passenger  cars  and 
trucks  up  to  one-ton 
capacity.  Investigate 
their  adaptability  to 
your  requirements. 


DURSTON     GEAR     CORPORATION 


134  Maltbie  St. 


Syracuse,  N.  Y. 


SHEET  METAL  STAMPING 

Wt  are  building  axle  housings,  brake  drums, 
and  other  parts  for  the  heaviest  motor  trucks  ever 
built,  and  have  ample  capacity  for  still  heavier. 

With  our  complete  equipment   we  cover  the  entire 
sheet    metal    stamping    line. 
-    solicit    your    inquiries. 

THE    CROSBY    COMPANY 

BUFFALO,  N.  Y. 

•  itch  St. 

Cleveland   OftV*     415    S-ihofirld  Bldg. 
Aca:    1709  Ford  Bldg. 
Philadelphia 


FULLER-LEHIGH 

rulverued  Coal  Equipment  is  economically  preparing  and 
burning  over  40,000  Ion*  of  vanoul  tfraJea  ot  coal  per  Jay 
for  IV. i! era  and  Industrial  Furnaces. 

EQUIPMENT  INCLUDES 

Pu'verued  Milla,  Air  Separator  and  Screen  Type;  Cruahcra; 
Dryers:  Feedera;  Burner*— Horizontal  and  Vertical  Types; 
Fuller- Kinyon  Conveying'  Syatema. 

Let  us  give  you  more  detailed  information. 

FULLER-LEHIGH  CO. 

Fullerton,   Pa. 


Sendix 

Standard     Equip- 

DRWE 

/or   ELECTRIC 
/   STARTERS 

ment  on  the  Elec- 
tric Starters  of  a 
Large  Majority  of 

*Tlrmm_fam_ 

the  World's  Motor 

IP7! 

Cars  and  Trucks. 

AUTOMATIC  ENGAGING 
&  DISENGAGING 

ECLIPSE  MACHINE  CO. 

ELM  IRA       -   N.  V.  - 

WalkorTllle,   Ontario 

* 


Bolts — Nuts 

Rivets 

Washers 

and 

Forgings    for 

Automotive 

Construction     ^^J 


T 


The    Columbus     Bolt    Works    Co. 


COLUMBUS,   OHJO 


Cork  Gaskets 


"True  Cut"  cork  gaskets  and  washers 
are  absolutely  guaranteed  against 
shrinkage  and   disintegration. 

May  we  submit  samples  and  quote 
you   on   your  requirements? 


Cardboard  Cutting  &  Supply  Co. 

1571  WELLINGTON  AW  DETROIT 
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POSITIONS  WANTED 

BY 

153  S.  A.  E.  MEMBERS 

Including 

EXECUTIVES  PRODUCTION  MEN 

ENGINEERS  SALESMEN 

RESEARCH  MEN  SERVICE  MEN 

Send  us  notice  of  position  available,  for  publication,  and  ask  for  bulletin  of  men  available 

No  Charge  for   the   Service 

Write  to 

S.A.E.    EMPLOYMENT  SERVICE 

Society  of  Automotive  Engineers 

29  W.  39th  Street 

New  York  City 


+ 


Notice  to 

S.A.E.  MEMBERS 

WE  KEEP  IN  TOUCH  WITH 
1000  FIRST  CLASS  EMPLOYERS 

IN  ALL  BRANCHES 
OF   AUTOMOTIVE   INDUSTRY 

When  in  search  of  a  position,  send  us  notice  of  position  wanted,  for  publication,  and  ask  for 

Bulletin  of  Positions  Available 


(MOTIVE    ICXttlXI 


/'■  in  "il"    .    1  :•  _ 3 


Index  to  Advertisers'  Products 

Marketed  as  Conforming  With  S.A.E.  Standards  and  Recommended 
Practices,  and  Products  for  Which  There  Are  No  S.A.E.  Standards 
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EXPLANATION  OF  SYMBOLS 

Parts  and  materials  followed  by  key  numbers  have  been  standardized  by  the  S.  A.  E.    The  numbers  refer  to  S.  A.  E.  Hand- 
hook  data  sheets  on  which  each  standard  is  published. 

r.arr,'--i  an-   prw-d'-d  by  an  asterisk  supply   the  parts  or  materials  under  which   the  company  is  listed  aa 
•'    rang   erith  the  S.  A.   K.  Standard  ref'-rred  to. 
'•Parts  ar  ils  followed  by   two  ■  terjsks  indicate  that  two  or  more  S.  A.  E.  Standards  are  applicable.     Information 

as  to   standards   incorporated   should    \><:  obtained   from   the  manufacturer. 
The  addresses  of  companies  listed  in  this  index  can  be  obtainwl  from  their  current   advert!  emenl     indexed  on  page   11". 
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j/ie  firsty4merican 
JburWheel  Brake 

Tested  bif  Use 


k 


t^^^O^C^^^^.^^^^^^^^^C^.*^^ 


Experience  with  Four  Wheel  Brakes 

MANY  interesting  and  signi- 
ficant facts  are  available  for 
manufacturers  who  want  all 
possible  information  on  this 
much  discussed  subject. 


^V7Vy<-  rVTJf >ry  T^c^r  7^r  r>f  7>'n7V/V  /'cT^o/'f  TV  7><-rJg^?7^^Jf  ^f  ^-yyj^ 


%\£iir  Oolumbiay\xles 


bit  The  Columbia  Axle  Co  ■  Cleveland 
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vvjuQ  -Gordon  Co 

Gear*.  Worai 

Unk-Belt  Co 

Van  Dorn  4  Dutton  Co. 

Generator*.   Battery  (barging 
i  Electric    \  chicle) 
Wr»t;ngboo»o  Electric  4  Mfg    Co. 
Generators    iManihird    Mount- 
iug*.   UlSl 
•Ataittr  Kent  Mfg.  Co. 

.     ,,-ineenng  Laboratories  Co. 
I    to-Lite  Co. 
•Leeee-Nenlle  Co. 
•North  Eoat   Electric  Co. 
■uara  Dvneto  Curpors 

-.ngbouse  Electric  4  Mfg.  Co. 

i, ln«».    \\  iii.l.hleld 

■rtu    HI*. 
Governor* 

Hand'  Gorrrnor  Corporation 

Graphite 

Dli»n  Cniclbl*  Co..  Jon. 

Grraae*.  Cop  and  Gear 

DUoo  Crucible  Co..  Jo*. 

•>'.l  Co. 
Texas  Co. 

Ilamllea,  Mnchine-Tool 

William*  4  Co..  J.  B. 

Hrnd-I.niin>«.    Ill 

rlcan  Flatllte  Co. 
Heater*.  Paaaenater-Car  Body 

Pertrctlon  Heater  4  Mfg.  Co. 
llii.-.«.  Door 

EVrbard  Mfg.  Co. 
Hlaarea,   w  ,  m,i-i,  i.-i.i 

Et^-rbard   Mfg.  Co. 
Holder*,  Tool 

ami  4  Co..  J.  B. 
II I  '  ..rnera 

Carter  Co  .  George  R 

Hum*.   Hand 

ll    I'b  nogr*rb    Mfr.    Co. 
Stewart  -  W*rner    Speedometer    Cor- 
poration 
Boras.  Motor-Driven 
Klaxon  Oo. 

E««t  Electric  Co 
Stewart  -  Warner    Speedometer    Cor- 
poration 
Hone,  Gnnoltne 

Tbermold  Botber  Co 
Ho-r.  Radiator,  rrsi 

•Tbermold  Bobber  Co. 
Honalnsra.  Axle 
•  ro«bT  On. 

Ptrl«h  Mf».  Corporation 
Smith  Corporation,  A.  0. 
il.il...  Wheel 

S«ll*bor7  Axle  Co 
Smith  Corporation.  A.  0. 
iBiiltlon-Ornrrntori 
E*,t  Bl.'tr!'-  Co. 
Inatrnment*.     Hent-Ind  leal  Inar 
Stewart  -  Warner    Speedometer    Cor- 
poration 

In.ir ni>.   Srlrntlflc 

'    Inatroment  4  Mfg    Co. 
I  i, ...Intl.. n.    F.lertrlc 
Fnkellte  Corp'.ra'lon 

Iraalt*  On    "t  America 
'  ral   Bakellte  Co 
Redminol   Chemle*l    Prodnrt*   Co. 
I  i.  ...  I  i.  I  Ion  .     Molded 
Bakellte  Corporation 

..f  America 
-ral    Bakellte  Co 
Redmanol  Chemical   Prodoct*   C0 
Iron*,  llodr 

Colomrma  Bolt  Work*  Co. 
Krva.    Machine 

trap   Steel   Prodortn   Co. 
Krn.  HprlnBT 

WIMIan-a  4  Co  .   J.    B. 
Krra.    \\«i«Mlrfiff 

Moltmp    Steel    ProdO'ta    Co. 
T  Mfg    Co. 
Leather 

carter  Co..   Oe*,rg»  B 

I  I,.  Inir.  Brake,  OH 
'■•rellte.    Inc. 
•Tbermold  BnMer  Co 

l.iit.rlcnnta 

!■*>«    lllla.    l.nhrlcatlntTI 

l.nlirleallni  «Talema 
Haulck    Mfx    Co. 
FV>weT>   prr^loeta  Corporation 


>l:i>-  li  in.-..  Uiilnuclug 

OUen  Teatiug  Machine  Co..  Tlnlu* 
Machine*.      I'onrr     iranimli- 
■!■>■ 
Uuk-Belt  0>> 
Maehlaes,    ir*tlnn 

Ot*en  Teallng  Machine  Co..  Tlnlu* 
.Maa-iietoa      istuudurd      Mouut- 
Inga,   ll  i  i 
"  IVagle  Co. 
Material    "••■at 

Material,  Top  anal  t  artala 

>U'liil.    Moncl 

luurnatloual   Nickel    CO. 
Mlrrora,   Hear   %  lalOa 

Stewart  -  Warner    Speedometer     Cor- 
l^ratlon 
M.ilili  iiK».   Inlil-l'ruv.  ii   Steel 

liah;«trom  MeUlllc  Door  Co. 
>lol>  bdentun,    Metallic 

Vauadiuoi  Corporation  of  America 
Motor*.  Blectrle  \  chicle 

o/aatutcbouaa  Uactrlc  4  Mfg.  Oo. 
HatON  (>ee  Kub1iic»i 
Motor*.   Starting   |Sec   Sturtlng 

Motor*) 
MouiitliiK".  Torque- Arm*, 
Fabric 

Beldex  Corporation 

■all*  „     ,  _ 

IntersUte  Iron  4  Steel  Co. 

vlckel  .    .  „ 

International   Nickel  Co. 

Nut* 

Columbua  Bolt  Worka  Co. 
\ini.  I  a»tlc  <  - 

•Ferry  Cap  4  Set  Screw  Co. 
•National  Acme  Co. 
Nnta,  llnuKon,  «'- 

•Ferry  Cap  4  Set  Screw  Oo. 
•National  Acme  Co. 
\im..   Slotted.  F12  anil  C14 
•Ferry  Cap  A  Set  Screw  Co. 
•National  Acme  Co. 
Nut  a.  Thumb 

Williams  4  Co..  J.   " 
Odometer*.  Hub.  V2 
•J.hns-ManTllle,   Inc. 
Stewart  -  Warner    Speedometer    Oot- 

poratlon  _„ 

(111*.    I.ubrlcatinu.    mi 
Dixon  Crucible  Co..  Jo* 
Sun  Oil  Co. 
Texa*  Oo. 
rucking.  Aalieatoa  and 
1  I  lirooa 
JohnB-Manrille.   Inc. 
mini. 

Dixon  Crucible  Co..  Jo*. 
Panels,    Instrument 

Dshlatrom  Metallic  Door  Co. 
Part*.       Pre«»ed       Steel       (See 

StampInK"' 
Pencil",  Drawing 

American  Lead  Pencil  Co. 
Dixon  Ouclble  Co..  Joa. 
Pinions,  Starting  Motor.  H1H 

•Electric   Atito-I.lte  Co. 
Pin*,  ("otter.  C7 

•Willlamn  4  Co..  J.  B. 
Pin*.  PI»ton 

Wilcox  Motor  Part*  *  Mfg    Co 
Pin*.  Hod-Knd.  *~'<> 

•Columbn*  Bolt  Work*  Co. 
Pipe       Fitting".       Compression 
Type 
Mueller  Metala  Co 
Ohio  Metal  Products  Co 
Pipe       Fitting*.      Flnred-Tube 
Type.  C4rt 
•Mueller    atrtala  Co. 
PI«ton-Hlng*.  A0 
•f>ner*I  Piston  Ring  Oo. 
•Piston    Ring  Co. 
•Rem  Mff    Oo  .„     _ 

Wllcoi    Motof   Parts  A   Mfe    (  o. 
Plate*.  Flattened,  Ground  sail 
Pollafcad 

Mr.it nip  Steel  Product*  Oo. 
Filer* 

Crescent    TV.!    Co 
Ponerplnnt*.  Indn«trlal 

Wauke.ha   Motor  Co. 
Power  TaUr-OfT".   Fl 

T'.row-n-Mpe  Cear  Oo. 
I»rl  nier* 

Valentine  4  Co. 
Product*.  Screw-Machine 

Link-Belt  Co 

Mn.|ler  Metals  Co 

National  Acme  Co. 

Ohln  Metal  Product*  Co. 

ScoTlll  Mfg    Co 

Snlcer  Mfr    Corporation 
Propeller-Hbafta 

Ssllsborr  Axle  Co 

Splcer  Mfg.  Orporstlon 
Pnlverlrer*.   Coal 

Fullerl^hlrr,   00 
I'm  .  I.  -  It  ...I  . 

Wllcoi  Motor  Psrts  4  Mfg   Co. 
|*yr,i"cope* 

"hore  Instrument  4  Mfg    Oo. 


Hack*.  Hi.,  i. in.- 

Moltrup  Steel  Product*  Co. 
Un. I  Ian. r*«  • 
•G  4  O  Mfg.  Co. 
•I  oiig  Mfg.  Co. 
•National  Can  Co. 
Hall*.  Kobe 

OartSI  Co..   George  II. 
KectltlcrN.   Battery  Charging 

Waatlnsnonaa  Daetrlc  a  Mfg.  Co. 
Keel 

M.  wart  -  Warner     Speedometer    Cor- 
poration 
Hegiila torn,  Tempernt ure 

Fultou  Co. 
Itegulatorn,    \\  Indon 

Dura  Co. 
Ilela>  -.   Cut-Out 

Nonh  Ba  i   1  lectrle  Co. 
ltetaiiicr*.  Hall 

ltia rings  Co.  of  America 
Blbbona,  li-mler 

Dsnlatrom  Uetsllk  Door  Oo. 
ltiuiN.  Piieuuiiit lc  Tire,  Gl 
and  t.- 
•Motor  Wheel  Cor[Kiratlon 
lilvet*.  lira..  unU  Copper 

Scovlil    Mfg.    Co. 
Rivet*.  Steel 

Cohiiut'u*  Bolt    Works  Oo. 
Interstate   Iron  4   Steel  Co. 
Rod-End*.    I  s 

•Columbus   Bolt   Worka  Oo. 
•Eberbard   Mfg.   Co. 
Rod*,    Brass,    In  I  I,    OllS    and 
11121 
•Columbus    Bolt    Work*   Oo. 
•Mueller   Metals  Co. 
•Scovlil   Mfg.   Co. 
Rods,  Bronae  and  Copper 

Mueller  Metala  Co. 
Rod*.    Fibre 

National   Vulcanized   Fibre  Co. 

Roller     Bearings     (See     Bear- 
ing*. Roller 
Ronnlng-Bonrds 

Pariah   Mfg.   Corimratlon 

Smith   CoriKiration,   A.    0. 
Scleroseope* 

Shore   Instrument  4  Mfg.   Co. 
s,-  r»-  i*    Driven 

i  i  •  -rent  Tool  Co. 
Screw*.   Cap,    C2 

•Kerry  Cap  &  Set  Screw  Co. 
•National   Acme  Oo. 
•Scovlil    Mfg.    Co. 
Screw,,    Thumb 

Wllllame  4  Co..  J.  B. 
Senrchllglit* 

Stewart  Wnrner      Speedometer      Cor- 
poration 
Shafting 

Moltrup   Steel    Producta  Co. 
Shaft".   Hear  Axle 

nry  Axle  Co. 
Shape"     (F.xtrnded     Brass, 
Hi.. ii/.     nnd  Copper 
Mueller  Metals  Co. 
Sheet*.  Bra*".  1)111 

•Scovlil    Mfg.    Co. 
Sheet".  Fibre 

National  Vulcanlxed   Fibre  Oo. 
Shield",    Itndlntor 

Bayes  Mfg.   Oo. 
Shield".   Running-Boards 

Baye*  Mfg.   Co. 
Shim*.    I  .1.  in  I  nil  t .- .1 

Lanilnateii   shim  Co..    Inc. 
SHI*.   Body 

Smith   Corporation.    A.    0. 
Speedometer" 

Stewart  Warner      Speedometer      Cor- 
poration 
Spoke*.    Wood.     Motor    Trnek. 
Fl 
•Motor  Wheel    Corporation 
Spoke".  Wood,  Pn**enger  Car, 
Fin 
•Motor    Wheel    Corporation 
Sprlng-Shnckle*.    Fabric 

Belfl.j    Corporation 
Spring".    Colled 

c,ib«nn  Co  .  Wm.  D. 
Spring".    Flat 

c.lbson   Co.,   Wm.   D. 
Spring".    Motor    Trnck,    III! 
•Perfection  Spring  Oo. 

Sheldon  Axle  A   Spring  Oo. 
•Standard    Steel    Spring  Co. 
Spring*.    Pn*«enger-Car,    HH 
•Perfection  Spring  Co 

Sheldon   Axle  A  Spring  Oo. 
•Standard    Steel   Spring  Co. 
Spring".  Tractor 

Standard  Steel   Spring  Co. 
Sprocket*.     Holler-Chain,      K4 
•Link-Belt  Co. 
•Whitney   Mfg.   Co. 
Sprockets.    Sllent-Chsln 
Link-Belt    Co. 
Hoi    I   Chiln  Co. 
Whitney    Mfg.    Co. 

(Oanttnutd  ""  i"'"''  ,"H' 
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The  strength  of  metal — 

the  elasticity  of  fabric 

Fanwise  Construction  has  made  the  Thermoid -Hardy- 
fabric  disc  a  practical  necessity  for  motor  cars 


For  years  motorists  endured  the  knocks,  jars, 
and  lost  motion  caused  by  the  wear-down  of 
metal  universals.  Delicate  gears  and  bearings 
suffered  irreparable  injury. 

Then  the  fabric  disc  was  invented.  Its  flexibil- 
ity cushioned  the  blows  of  starting,  shifting,  and 
bumping  over  rough  roads.  But  not  until  Fan- 
wise  Construction  was  perfected  did  the  fabric 
universal  overcome  every  previous  objection. 

Balanced  to  meet  every  stress 

Take  a  look  at  the  diagram  of  the  Thermoid- 
Hardy  disc.  It  is  buitt  up  fanwise,  each  layer 
overlapping  and  turned.   The  strands  of  each 
layer  run  in  a  different  direction.  Each  sector  is 
of  uniform  strength  and  elasticity.  Every  stress 
is  balanced — 
— the  torsional,  between  the  bolt  holes 
— the  centrifugal,  from  the  center  outward 
— the  lateral,  from  the  forward  and  back  mo- 
tion of  the  shaft. 
This  holds  the  shaft  in  true  on  every  revolu- 
tion. It  eliminates  vibration  and  "'whipping." 


Now  notice  the  diagram  of  the  ordinary  fabric 
universal.  Built  up  so  that  only  one  driving  bolt 
can  pull  "with"  the  strands  of  cotton — the 
other  two  tugging  across  them — your  disc  soon 
stretches  out  of  shape.  Vibration  naturally  fol- 
lows, bringing  jars  and  lost  motion. 

Only  in  the  Fanwise  Construction  of  the 
Thermoid-Hardy  disc  do  you  get  the  flexibility 
of  fabric,  the  rugged  strength  of  metal. 

Thermoid-Hardy  discs  are  now  packaged  for 
distribution  through  jobbers  and  dealers  for 
replacement  sales.  Full  information,  prices,  and 
discounts  sent  on  request. 

A  book  you  should  have 

We  have  prepared  a  book,  "Universal  Joints — Their  Use 
and  Misuse,"  that  treats  the  subject  from  every  angle — the 
mechanical  principles,  construction,  lubrication,  manufac- 
ture, strength  tests,  and  records  of  performance.  Send 
for  vour  copv  today. 

THERMOID  RUBBER  COMPANY 

Sole  American  Manufacturers 

Factory-  and  Main  Offices:  Trenton,  N.  J. 

New  York.  Chicago.  Los  Angeles,  Detroit,  Atlanta, 
Seattle,  Kansas  City,   Boston,   I  leveland, 

San  Francisco,  London,  Paris,  Turin 


[A] 

[B] 

Thermoid*Hardy 

UNIVERSAL  JOINT 

Makers  of  "Thermoid  Hydraulic  Compressed  Brake  Lining?*  and  iiThermoid  Crolide 

Compound  Tires" 


Allta    Chalmers    Mfg.    Co. 

The  Autocar  Co. 

Available   Truck   Co. 

Barley    Motor    Car    Co.     (Roamer) 

Chandler    Motor   Car  Co. 

Crow- Elkhart    Motor   Corp. 

Jas.    Cunningham    Son   &    Co. 

Dart    Truck    &    Tractor    Corp. 

The  Dauch  Mfg.  Co. 

Diamond   T  Motor  Car  Co. 

Doane  Motor  Truck    Co. 

Dort    Motor  Car    Co. 

Fageol  Motors    Co. 

H.    H.    Franklin  Mfg.   Co. 

Garford   Motor   Truck    Co. 

Graram-Bernstein    Motor    Truck    Co 

Hawkeye   Truck   Co. 

Hendrickson  Motor  Truck   Co. 

Highway    Motors    Co. 

Holt  Mfg.   Co. 

Indiana    Truck    Co. 

International    Harvester  Co.    of   A.,    Inc. 

International    Motor    Co. 


Jackson    Motors    Corp. 

Kelsey   Motor  Co. 

Kentucky   Wagon  Mfg.    Co.,    Inc. 

King  Zeitler    Co. 

Lakewood   Eng.    Co. 

Lexington  Motor  Co. 

Locomobile    Co. 

Maxwell    Motors    Corp. 

Menominee    Motor    Truck    Co. 

Mercer   Motors    Co. 

Moreland   Motor   Truck    Co. 

Nelson   &    LeMoon 

E.    A.    Nelson    Automobile   Co. 

Nelson   Motor    Truck    Co. 

D.    A.    Newcomer  Co. 

OTonnell    Motor    Truck   C ... 

Olds    Motor  Works. 

Oliver   Tractor  Co. 

Oneida    Motor    Truck  Co. 

Packard  Motor   Car  Co. 

Parker    Motor    Truck    Co. 

Patriot    Motors     Co. 

Reliance  Motor  Truck  Co. 


Reo  Motor  Car  Co. 

Reynolds   Motor   Truck   Co. 

Root   &    Van   Dervoort    Eng.    Co. 

Sanford    Motor    Truck    Co. 

Soul  wart   Pdy.    &   Mach.    Co. 
ton  Wagon  Co. 

Studebaker    Corp. 

Stutes    Mar    Tractor    Co. 

Templar    Motors    Co. 

Tioga    Steel    &    Iron  Co. 
Towmotor  Co. 

Traffic   Motor   Truck   Co. 
Transport    Truck    Co. 

Twin   City   Four  Wheel   Drive  Co.,    Inc. 

United  Motors   Co. 

Walter    Motor    Truck    Co. 

Ward    La    France    Truck    Corp.,    Inc 

Geo.    D.    Whiteomb    Co. 

Wichita    Motors    Co. 

H.    E.    Wilcox   Motor  Co. 

Willys-Overland,    Inc. 

Worthington   Pump   &    Machinery-    Corp. 

Zeitler  &  Lam  son  Truck  &  Tractor  Co. 


[A]  Above  is  an  ordinary  fabric 
disc,  its  layers  of  fabric  laid  par- 
allel. The  three  black  holes  are  the 
driving  bolts — the  three  white  ones 
the  driven.  Note  that  the  left  hand 
driving  bolt  is  the  only  one  that 
can  pull  in  the  direction  of  the  cot- 
ton strands.  The  other  two  must 
full  on  a  bias.  This  stretches  the 
whole  disc  out  of  true,  causing 
vibration  and  "whipping"  of  the 
shaft. 

[B]  Now  examine  the  Thermoid- 
Hardy  patented  Fanwise  Construc- 
tion. The  disc  is  built  up  with  the 
strands  of  each  layer  running  in  a 
different  direction.  Each  sector  is 
equally  strong,  equally  elastic. 
Every  stress  is  balanced — the  tor- 
sional,  the  centrifugal,  and  the 
lateral.  Tkis  eliminates  vibration 
and  holds  the  shaft  in  true  on  every 
revolution. 
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Ors»:  ■ 
h«jt.  Mr. 

k.:    I    W-  — .    Q  r^T«::jo 

1-sr.sA  Atfg  Cssrpsrsusa 
u   . 

Sanita  Onrsorauoo.  a 

Spare-  -anoc 

«(«rlcr-l.«fr«i.Ti 

Dayta*  Baunaemag  Laboratories  Co. 

Sana  But  Electric  Co. 
-larllnK.      tuiuuiaii.      M.«hin_ 

llrHr     for 

*tartlns-xl  o  l  u  r  •      ,»tandard 
Moiillnk'v    BIS! 

■e  afeaataeetiaf  Laboratories  Cc. 

a   Fast  Eertrlc  Co 
•Owes  I'yseto  Corpora  tioe 

ngliiaa,    Electric    *    MfJ.    Co 

vrrl.    I   .rl D  I 

• 

•Tailed  Alloy  Steel   Corporation 

I.    Cnromlana.    n« 
•All**  Steel   Corporation 
•Cnml  Steel  Oo 
•Interstate  Iroa  *  Steel  O. 

ted   Alloy  Steel   Corporation 
«trrl,     Chromium  -  Vaniilluni. 
M 
•Alias   St**!  Corporation 
• 

Iron  *   Steel  Oo 
\ .  loy  Steel   Corporation 
Mrrl.     1  c»f-M'ririK.     UTT 
Iron   A    Steel   Co. 
Mill     lllsrli-i  hromlnm 

AUi  Steel  Corporation 
•  Irrl.    Molybdenum 

•  •ate   Iron   ft   Steel   Co 

If  ■!,  HiHIi  D3 

■iMi  Steel  Corporation 
•Central   Steel  Co. 
•Istmutt  Iron  ft  Steel  Oo. 
•Tnloo    Drawn  Steel  <"o 
•United  Alloy  Steel  Corporation 


Steel,     Nlckrl-1   liromluiu.     D3 

*  Interstate   lro-n   A   Str- 
•I'nlon   Drnwn    Steel   Co. 
•Ul  .Titration 

SteoL,    Sllico-Manijniicae.    in; 
•Atlas  Steel  OorpornlKin 
-   1 el  Co 
--tate  Iron   A  Steel  Co. 

-:eel  Corporation 
Steel,  Sam  stork,  hi 
Moltrup    Steel    Products    Co. 
I' men    Drnwn    Steel    Co. 
Sleel.    Tunsrsten,    in; 
•Atlnn  Steel  Corporation 
•United    Alloy   Steel   Corporation 
Mccring;    l.nir*     (Standard 
\V  heel    llubl.   .1  I 
•Roan  Genr  ft   Tool   Co. 
»i..|i    l.lEhtn 

Stewart-Warner      Speedometer     Oor- 
porntlon 
Superheat       Syntenl.      Gaaollne 

otpotmrJoa 

*u  rtitcera 

Valentine   A   Oo. 
>> he«,    Combination 

Iiayton  Engineering  Laboratories  Co. 
«>\  Itches.   l.lichtltiK 

Westlngbonse    Electric    A    Mfg.    Oo. 
"■nltiliea.    Starting 

Dayton  Engineering  laboratories  Oo. 

Electric   Auto-Lite  Co. 

Leece-NuMe  Co 

North   East   Electric  Oo. 

Westtngboose   Electric  A  Mfg    Co. 
S j  l|ilii>ii.    Automobile 

Pulton   Co. 
Systems,   Lubrication    tSee 
Lubricating;     SyMtemal 
Systems,     Pol  verlxed-Matertal 
Conveylng- 

rnller-Lehlgh  Co 
Tachometers     (with     Standard 
IJrlvei,  CT.% 
•Johns-Manrllle.   Inc. 
Tack* 

Internals  Iron   A  Steel  Oo. 
Tank    Caps     and     I'lnneea 

Akron-Selle  Oo. 
I  iikf,    Gas 

IT—:  fi  Lite    Co. 
Tanks.    Vacuum,  C-tr, 

•Stewart-Warner      Speedometer      Cor- 
poration 


In  pe.    Insulated 

M    i.tllle.    Inc. 
I  M  |,  |M  i  I 

a   Motor  Tarts   A   Mfg.   Co. 
Testers,    Hardness 

Sbore   lnalrument  A-    Mfg.   Oo. 
1  lirrinuMiil,.      V  l    I 

t    Co. 
•Full. 
Timer-Distributors.    B13 
•Atwater   Mfg.    Co. 
•Dayton  Engineering  Laboratories  Oo. 
•Electric    Autu-1    I 

rib  East   Electric  Co. 
lire    Carriers 

Detroit   Carrier  A   Mfg     Co. 
1  Ire  Loclta 

Detroit  Csrrler  A  Mrg.  Co. 
Tire- Pomps,    Transmission 

i  >  in-.  1:1 
•Detroit   Carrier  *    Itfk.   Co. 
Tires,  Pneumatic,  Gl 

•K.  ;.y  Bprlnfleld    Tire   Co. 
•Tbermold    Rubber  Co. 
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Have  We  Your  Correct  Address  ? 


The   New   York   Office   is   just   as   anxious  as  the  individual   members   that   they 
receive  THE  JOURNAL  and  other  communications  promptly. 

This  result  cannot  be  achieved  unless 

Members  notify  the  office  whenever  they  make  a  change  in  their  business  connection  or 
their    mail    address    or    both. 

Members  who  have  been  in  the  service  of  the  Government  either  as  civilians  or  in  the 
Army  or  Navy  let  us  know  when  they  leave  the  service  and  aiso  when  they  re-enter 
commercial     fields. 

Your  cooperation  is  necessary  and  will  be  greatly  appreciated. 


May  We  Have  It? 


SOCIKTY  OF  AUTOMOTIVE  ENGINEERS,  Inc. 
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Wiima 

SERVICE  STATION 


I  T.  A.  Willard — who  has  done 
and  is  doing  more  for  storage 
battery  improvement  than  any 
other  one  individual. 
O  The  Willard  Organization — 
for  fifteen  years  leaders  in 
storage  battery  manufacture  and 
distribution. 

0  The  Willard  Laboratories — 
physical,  chemical,  mechan- 
ical and  electrical — the  finest 
equipment  for  battery  research 
in  the  country. 

A    The    Willard    Factory — with 

the  size,   resources   and   vol- 
ume for  quantity  production  to 
a  high  quality  standard. 
C   Original   Equipment   on    137 

makes    of    motor    cars    and 
trucks;  93rc    have  always  used 
Willard  Batteries. 
g  The  Friendship  of  20,000  car 

dealers. 
■7   The  Good  Will  of  10,000,000 

car  owners. 
Q   The  leading  Wood-Insulated 
°  Battery. 

Q  The   only  Threaded  Rubber 
17  Battery. 

1  f\  The    most    extensive    and 

long-continued     and     con- 
sistent national  advertising. 
1  1    The     most     efficient     co- 

operation  with  the  dealer's 
local  advertising. 
1  O   Membership  in  the  original 

and  most  efficient  national 
battery  service  to  car  owners. 


Back  of  the  Sign 

12 — Service  that  Sells 

No  service  is  100f  t  perfect.  There  will 
always  be  some  customers  who  can't  be 
satisfied,  some  dealers  who  will  not  satisfy. 

But,  by  and  large,  there's  no  group  of 
men  in  the  industry  doing  what  Willard 
Service  Station  Dealers  are  doing  to  earn 
and  hold  the  good  will  of  car  dealers  and 
car  owners. 

Willard  Service  is  the  oldest  established 
battery  service,  the  truly  national,  the 
most  efficient  and  by  far  the  best  equipped 
for  its  job. 

From  North  to  South  and  from  sea  to  sea  the 
Willard  sign  is  known  to  American  motorists  as 
standing  for  fair  and  expert  service. 

It  is  the  best  that  a  live-wire,  progressive  bat- 
tery merchant  can  hang  out  in  front  of  his  place 
of  business. 

WILLARD  STORAGE  BATTERY  CO.,  Cleveland,  O. 

In  Canada  the 
Willard   Storage   Battery   Co.  of  Canada,  Limited,  Toronto,  Ontario 


STORAGE 

BATTERIES 


The  acknowledged  leader 
of  wood-separator  bat- 
teries   for    fifteen    years. 


Original 

Equipment  on 

137  Motor  Cars 

and  Trucks 


The  Threaded  Rubber  Bat- 
tery that  created  a  new 
standard  of  battery  value. 


THV  -  ENGIN] 
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Increasing  an  important 
safety  factor 

You  know  that  in  cold  weather  particularly,  the  average  rate 
of  dilution  of  lubricant  by  fuel  is  very  rapid.  This  fact  was 
emphasized  at  the  summer  meeting  of  the  S.  A.  E.,  in  the 
report  of  the  Research  Division  covering  tests  of  fuels  made 
under  winter  conditions. 

To  obtain  proper  lubrication,  adequate  viscosity  is  essential. 
To  ensure  safety  it  is  necessary  to  choose  an  oil  which  will 
have  an  adequate  viscosity  when  diluted. 

Adequate  viscosity  in  an  ordinary  oil,  containing  cylinder 
stock,  inevitably  means  excessive  carbonization,  and  difficult 
starting  in  winter  due  to  congealing  of  paraffin. 

You  can  materially  increase  the  factor  of  safety  in  the  lubri- 
cating system  by  selecting  the  right  type  of  Sunoco  Motor 
Oil;  and  without  fear  of  carbon  or  starting  difficulties. 

Accurate  Lubrication  is  made  possible  with 
Sunoco  through  a  choice  of  several  types;  each  a 
straight  run,  wholly  distilled  lubricant.  These 
several  types  offer  a  complete  range  of  distinc- 
tive lubricants  for  every  type  of  motor  lubrication. 


SUN  OIL  COMPANY,  Philadelphia 

Branches  and  Agents  in  Principal  Cities 


THE  DISTILLED   OIL 


TH1  ERS 


1988 


A  Triumph  of  Engineering  Skill 

Silence  and  efficiency  in  operation  are  the  result  of  perfection 
in   design,  material   and  workmanship — 

HpHE  car  buyer's  demand  for  a  quiet-running 
■**  engine  wassuccessfully  met  by  the  Link-Belt 
Silent  Chain  "Front-End"  Drive  with  the  effec- 
tive Link-Belt  Automatic  Tightener — a  distinct 
advance  over  all  types  of  front-end  drives. 

The  verdict  of  manufacturers,  engineers  and  car 
owners,  based  on  actual  tests,  is  unanimous: 

"The  Link-Belt  Silent  Chain  'Front-End'  Drive  is  noise- 
less when  it  starts  and  remains  noiseless  during  its  en- 
tire life". 

There  is  no  better  guarantee  than  performance  on  the 
road.  Mileage  records  of  Link-Belt-equipped  cars,  as 
high  as  76,000  miles  (without  need  of  "front-end"  ser- 
vice), must  be  considered  as  the  most  valuable  part  of 
the  Link-Belt  guarantee  as  to  the  quality,  efficiency  and 
dependability  of  the  Link-Belt  Silent  Chain  "Front- 
End"  Drive. 

Our  Engineers  will  work  with  yours  to  achieve  a  quiet  motor. 

Link-Belt  Company,  Indianapolis 


The  Link-Belt 
Automatic  Chain  Tightener 
(  Vibration  Dampener) 
A    sweet-running   quiet    motor   is   a 
powerful  sales  argument.     Any  cost 
differential    between    the    Link-Belt 
Silent  Chain  "Front-End"  Drive  and 
usual   timing-gear   sets  is    offset    by 
ease  of  assembly  in  the  factory,  elim- 
ination of  all  "running  in"  and  "mat- 
ing" of    gears,  and    reduction    to  a 
minimum  of  costly  servicing  and  re- 
placement- 
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